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Statement of the problem. The article presents the development features of the total shrinkage strain of
expanded clay concrete, expanded clay fiber-reinforced concrete, expanded clay steel-reinforced concrete,
and expanded clay fiber-steel-reinforced concrete. According to the analytical review, the shrinkage strain
decrease as a result of the fibers adding was noted by the researchers without analyzing the reason for the
phenomenon. Therefore the purpose of the study is to establish the reason for the decrease of the shrinkage
strain of expanded clay concrete with the addition of polypropylene fibers.

Results. It has been confirmed that the polypropylene fiber addition reduces the total shrinkage strain of
expanded clay concrete by 29—34 % on the 120™ day with the volume content of fibers of 0.36 %. Empir-
ical dependences of deformations compatibility for expanded clay fiber-reinforced concrete and expanded
clay fiber-steel-reinforced concrete are set forth.

Conclusions. It has been experimentally established that fiber is a significant factor on the first days of the
concrete mixture hardening, when the elastic modulus of the fiber is greater than or equal to the elastic
modulus of the cement stone. Fibers act as a bond and affect the redistribution of shrinkage stresses within
the composite, thus reducing the values of the total shrinkage strain.

Keywords: shrinkage, shrinkage strain, volumetric deformations, lightweight concrete, expanded clay concrete, fiber-
reinforced concrete, polypropylene fiber.

Introduction. Concrete is a complex material, which is central to its elastic-plastic properties.
Plastic deformations are particularly obvious during the initial period of concrete hardening and are
the result of shrinkage. In normal sections of reinforced concrete elements, caused by shrinkage, ten-
sile forces occur in the cement stone, and compressive forces in the reinforcement bars, i.e. by the
time an external load is applied, the reinforced concrete element is already in a stress-strain caused
by shrinkage development [9, 25, 29].

According to [4, 10, 18], the values of the ultimate relative shrinkage deformations of light-
weight concrete on expanded clay gravel fluctuate within the range from 0.33 to 0.9 %o, and in [15]
the final values of expanded clay concrete shrinkage are within the range from 0.3 to 1 mm per
1 running meter. It should be noted that with the same components of the concrete mix, the values of
shrinkage deformations can differ several times [1—3, 12—14, 30]. The wide range of the obtained
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values of shrinkage deformations directly depends on the physical and mechanical characteristics of
the components of the concrete mix, i.e., is determined by the local raw material base. Thus, the study
of this issue is relevant for each specific region.

Scholars from different countries [6, 11, 16, 21, 22, 28] have noted that the introduction of fiber
into expanded clay concrete mixture improves the physical and mechanical properties of expanded
clay concrete, including a decrease in shrinkage deformations. A review of experimental studies [5,
8, 17, 19, 20, 23, 24] dedicated to the shrinkage of lightweight fiber-reinforced concrete shows that
the presence of fiber in the concrete mixture allows the values of relative shrinkage deformations to
be reduced by 10—50 %. At the same time, scholars [5, 6, 8, 11, 16, 17, 19—24, 28] do not focus on
the factor that affects the magnitude of total shrinkage deformations of fiber-reinforced concrete and
helps to reduce their values in absolute value. We assumed that fiber fibers act as a bond during the
first day of concrete mixture hardening and affect the redistribution of shrinkage stresses inside the
composite. During the first few days, the value of the elastic modulus of expanded clay concrete is
small and comparable to the elastic modulus of polypropylene fiber. In this regard, at the initial stage
(the period of the most intensive development of shrinkage deformations), compressive stresses arise
in fiber fibers by analogy with reinforcing bars. Since internal stresses in the composite system «ex-
panded clay concrete — fiber» and «expanded clay concrete — fiber — longitudinal reinforcement»
are balanced, then as a result of the work of polypropylene fibers, the value of tensile stresses in
expanded clay concrete decreases, and therefore the value of shrinkage deformations also decreases.
That is, during the period of the most intensive development of shrinkage (the first day following
concreting), polypropylene fibers become an internal bond that prevents free deformations of ex-
panded clay concrete. In order to confirm or refute this assumption, experimental studies of the de-
velopment of shrinkage deformations in expanded clay concrete reinforced with rod, fiber and with
combined reinforcement were carried out.

Hence the object of this study was prism-shaped samples made of expanded clay concrete, ex-
panded clay-reinforced concrete, expanded clay fiber concrete and expanded clay fiber reinforced
concrete.

The subject of the study is the total deformations of free shrinkage of expanded clay concrete
and constrained shrinkage of expanded clay fiber concrete, expanded clay-reinforced concrete and
expanded clay fiber reinforced concrete.

The objective of the study is to establish the cause of the decrease in shrinkage deformations of
expanded clay concrete while adding polypropylene fiber.

1. Theoretical prerequisites for the analytical determination of the strains of constrained
shrinkage of dispersed and combined-reinforced expanded clay concrete. In accordance with the
well-known equation of strain compatibility, the value of the strains of total free shrinkage of ex-
panded clay concrete gics is as follows:

8Ics :8Ics,s +Sss’ (1)

where gicss are the relative shrinkage deformations of expanded clay concrete constrained by rein-
forcing bars; ess are the relative deformations of reinforcement.

Based on the assumption that at an early age low-modulus polypropylene fibers act as a bond,
the deformation compatibility equation for expanded clay fiber concrete can be presented in the fol-
lowing interpretation:

glcs :glcs,f +8fs’ (2)

where gics ¢ are the relative shrinkage deformations of expanded clay concrete constrained by fiber; &
are the relative deformations of fiber.

As it is assumed that, along with the rod reinforcement, the fiber fibers act as internal connec-
tions and experience compressive stresses, the following expression will be valid for expanded clay
fiber reinforced concrete:



Russian Journal of Building Construction and Architecture

glcs = 8Ics,f,s +€ fs +Sss,f ’ (3)

where gics 15 are the relative shrinkage deformations of expanded clay concrete, constrained by fiber
and reinforcing bars; &ts are the relative deformations of fiber; s are the relative deformations of the
reinforcement.

2. Design of a full factorial experiment of type 22. In conducting the experimental studies, a
design of a full factorial experiment of type 22 (with two factors with variation at two levels) was
implemented. The following factors were adopted as the variables:

— x1is the presence of dispersed reinforcement with polypropylene fiber with a volume con-
tent of 0.36 %, which in the proposed composition of expanded clay concrete mix is equivalent to
1.5 % by weight of the mass of cement (6.42 kg per 1 cubic meter);

— xz2is the reinforcement with rod at a reinforcement percentage of 3.57 % over the cross-
sectional area of the test sample.

The response function (y) was the value of the relative deformation of the total concrete shrink-
age at 120 days. The planning matrix 22 is shown in Table 1.

Table 1
Second-order design (number of factors k = 2)
Experiment . Plan Plan in the notes

nFl)meer Sample labelling X % X0 % 0. %
1 KFZhB +1 +1 0,36 3,57
2 KZhB -1 +1 0 3,57
3 KFB +1 -1 0,36 0
4 KB -1 -1 0 0

Note: KFZhB — expanded clay fiber reinforced concrete, KZhB — expanded clay reinforced concrete, KFB — expanded
clay fiber concrete, KB — expanded clay concrete.

3. Major materials for the preparation of expanded clay concrete and expanded clay fiber
concrete mixes. The following materials were used to prepare the concrete mixture:

— expanded clay gravel produced by OJSC «Expanded Clay Gravel Plant of Novolukomly according
to STB 1217 (fraction 4—10 mm);

—  Portland cement produced by OJSC «Belarusian Cement Plant» according to GOST 30515 and
GOST 10178 (activity 42.5 MPa);

— river sand from the Pavlovskoye quarry in the Mogilev region (the Dnieper River floodplain) ac-
cording to GOST 8736 (fineness modulus 2.13);

— water according to STB 1114,

For dispersed reinforcement, polypropylene fiber produced by Russeal LLC, made from gran-
ules of high-modulus thermoplastic polymer C3H6, was used. While selecting the length of the fiber
fibers, the recommendations [6] were taken into account, according to which it is advisable to use a
fiber length commensurate with the fraction of large filler (expanded clay). Therefore in this study, a
12 mm long round micro-reinforcing construction fiber was used as a reinforcing element.

According to the previous studies [26, 27], for expanded clay fiber concrete, the percentage of
fiber reinforcement of 0.36 % by volume of concrete is the most effective of those considered (the
polypropylene fiber content of 0.12, 0.24 and 0.36 % by volume was considered). Thus the following
options for the percentage of polypropylene fiber were adopted in this study: peerr = 0 %;
pept = 0.36 % by volume of expanded clay concrete. When manufacturing test samples reinforced
with rod reinforcement, the following reinforcing bars were used: 16 mm in diameter, class S500
(longitudinal reinforcement, percentage of longitudinal rod reinforcement ps = 3.57 %); 6 mm in di-
ameter, class S240 (transverse reinforcement).

4. Methodology for measuring the total shrinkage deformations of expanded clay con-
crete, expanded clay-reinforced concrete, expanded clay fiber concrete and expanded clay fiber
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reinforced concrete. Through the course of the development of shrinkage deformations, they were
recorded on samples in the form of prisms with dimensions of 150 x 150 x 600 mm in accordance
with the requirements of GOST 24544. Three series of twin samples were successively tested (three
twin samples in each series). Table 2 presents the characteristics of the test samples. Shrinkage de-
formations of expanded clay concrete on the open face of the test prisms started being measured no
more than 3 hours following concreting. Therefore the base of the steel benchmarks was immersed
in the concrete mix to a depth of at least the maximum size of the filler. The deformations of the
reinforcement resulting from the shrinkage of concrete were measured on the open face of the prisms
immediately following concreting (the method for measuring the deformations of constrained shrink-
age of reinforced expanded clay concrete is described in detail in [7]). The shrinkage deformations
of expanded clay concrete and the deformations of the reinforcement on the remaining faces of the
prisms were recorded immediately following stripping the samples a day following concreting. The
duration of taking readings was 120 days in accordance with GOST 24544,

Table 2
Major characteristics of prototypes and controlled parameters
Description of experi- Labelling
mental prism samples KB KFB KZhB KFZhB
- - 1K= 1K= 1K= 1K=
onh?r::i:tg;I(frt:e(t;Z - =1:184:079, | =1:1,84:079, | =1:1,84:079, | =1:184:0,79,
B/I[=0,52 B/ =0,52 BII]=0,52 BII]=0,52
Characteristic
value of cylindrical 13,79 13,79 13,79 13,79
strength fic, MPa
Four 16mm diam- | Four 16mm diameter
Longitudinal eter rods_ made of ro_ds made of grade
reinforcement - - grade reinforce- reinforcement S500
ment S500 (ps = 3,57 %)
(ps=3,57 %)
Dispersed reinforcement pret = 0,36 % pept = 0,36 %
(polypropylene fiber - in the volume - in the volume
with fiber length 12 mm) (6,42 kg/cubic meter) (6,42 kg/cubic meter)
Installation of indicators On the concrete On the concrete On the concrete On the concrete
of the clock type (between the fiber (between the re- (between the reinforc-
(division value 1 pm), fibers) inforcing bars) ing bars and fibres)
measurement base 400 On the On the reinforcement
mm B B reinforcement
General view of the proto- 9 9 Qe OO o
type in the form of a prism
after stripping
with installed clock-type
indicators
(0] (0] OOOF DOOF
Relative Relative shrinkage deformations of expanded clay concrete, con-
deformations strained by reinforcement:
Types of relative shrink- of free shrinkage | with fiber gics, 1 with reinforce- rfeinfor_cing bars and
. of expanded clay ment rods &ics, s fiber fibers sics, 1, s
age deformations recorded
during the experiment concrete eics . . -
Relative defor- Relative deformations
- - mations of rein- of reinforcement &ss, 1
forcement &ss

Note: I — cement, IT — sand, K — ceramsite gravel, B/I] — water cement ratio.
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5. Results of the experimental studies of the development of deformations of free and con-
strained shrinkage of expanded clay concrete. As a result of the conducted studies, experimental
data were obtained on the development of complete shrinkage deformations of expanded clay con-
crete, expanded clay fiber concrete, expanded clay reinforced concrete and expanded clay fiber rein-
forced concrete over 120 days. The experimental data are shown in Table 3. Based on the experi-
mental data (Table 3), it can be concluded that while adding polypropylene fiber to the expanded clay
concrete mix, a decrease in shrinkage deformations was recorded over 120 days, which confirms our
assumption: at an early age, low-modulus polypropylene fibers act as a bond. Throughout the strength
gain period, the modulus of elasticity of polypropylene fibers is higher than the modulus of elasticity
of cement stone, resulting in a redistribution of stresses in the «cement stone — fiber» system con-
tributing to a considerable reduction in the deformations caused by hardening.

Table 3
Average values of the relative deformations caused by shrinkage for the experimental prism samples
Brief description of the Symbols Average values of relative deformations
experimental samples for relative atagiven time t, x 10°
Labelling Series deformations | 7 days |10 days| 14 days | 28 days | 42 days | 62 days | 91 days |120 days
1 0,895 | 3,158 | 5,976 | 13,630 | 19,737 | 24,332 | 27,474 | 28,105
2 0,782 | 3,100 | 5,762 | 13,661 | 17,763 | 23,947 | 26,842 | 28,500
KB 3 €lc, cs 0,903 | 3,272 | 6,189 | 13,741 | 18,221 | 23,655 | 28,475 | 29,450
gfg;agﬂg 0,860 | 3,177 | 5976 | 13,677 | 18,574 | 23,978 | 27,597 | 28,685
1 0,188 | 1,534 | 3,500 | 9,272 | 13,084 | 17,048 | 19,355 | 20,022
2 —0,148 | 1,441 | 3,373 | 9,284 | 12,869 | 17,501 | 19,473 | 19,899
KFB 3 Elcs, f 0,095 | 1,639 | 3,486 | 9,143 | 12,379 | 16,224 | 18,435 | 19,350
Puerage It 0,144 | 1,538 | 3,453 | 9,233 | 12,777 | 16,924 | 19,088 | 19,757
1 0,378 | 0,952 | 2,525 | 5,695 | 7,557 | 10,076 | 12,846 | 13,854
2 0,360 | 0,930 | 2,540 | 5,728 | 8,369 | 10,512 | 13,111 | 14,326
3 €lcs, s 0,384 | 0,937 | 2551 | 6,388 | 8,649 | 11,193 | 13,414 | 14,610
Average in 0,374 | 0,940 | 2,539 | 5937 | 8,192 | 10,593 | 13,124 | 14,263
KZhB series 1—3
1 0,480 | 2,293 | 3542 | 7,811 | 11,032 | 12,780 | 15,027 | 15,934
2 0,461 | 2,052 | 3,539 | 7,403 | 10,372 | 12,727 | 15,332 | 15,984
3 €ss 0,479 | 2,270 | 3,531 | 7,240 | 10,430 | 12,522 | 15,017 | 15,897
:;‘:Efgﬂg 0473 | 2,205 | 3,537 | 7,485 | 10,611 | 12,676 | 15,126 | 15,938
1 0,186 | 0,708 | 2,322 | 5,355 | 6,950 | 8,289 | 10,106 | 11,603
2 -0,198 | 0,879 | 2,308 | 5,395 | 7,394 | 8,798 | 10,715 | 12,194
3 €ics, 5 -0,330 | 0,814 | 2,281 | 5252 | 6,996 | 9,289 | 10,532 | 10,801
Average in 0,238 | 0,800 | 2,304 | 5334 | 7,113 | 8,792 | 10,451 | 11,533
KEZhB series 1—3
1 0,096 | 0,756 | 1,522 | 3,834 | 5869 | 7,141 | 8,923 | 10,061
2 0,064 | 0,666 | 1,566 | 3,778 | 6,110 | 7,501 | 9,399 | 10,015
3 Ess, 1 0,197 | 0,796 | 1,384 | 4,348 | 6,097 | 7,705 | 9,556 | 10,108
Average in 0,119 | 0,739 | 1,491 | 3,987 | 6,025 | 7,449 | 9,292 | 10,061
series 1—3

Accordingly, due to the reduction of deformations in the early period, a decrease in the total
shrinkage deformations is observed in the following days: on the 120th day, a decrease in the value
of relative deformations of the total shrinkage of expanded clay fiber concrete was recorded by ap-
proximately 30 % compared to expanded clay concrete without dispersed reinforcement (by 28.76 %
for series 1, by 30.18 % for series 2, and by 34.30 % for series 3). The values of relative deformations
of the total shrinkage of the test samples on the 120th day are shown in Table 4 (based on the data
in Table 3).
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Table 4
Values of relative deformations of the total concrete shrinkage
Conventional Values of parallel measurements of re-
Experimen Sample designation sponse functions y, x 10° per 120 days Average | Dispersion
i i 5 2 10
tnumber labelling O]:,gf:szt\i/gndse- Series No 1 | Series No2 | Series No 3 y,x10 S x10
1 KFzZhB Elcs, £ 11,60 12,19 10,80 11,53 0,489
2 KZhB Elcs, s 13,85 14,33 14,61 14,26 0,146
3 KFB Elcs, f 20,02 19,90 19,35 19,76 0,128
4 KB €lc, cs 28,10 28,50 29,45 28,68 0,478
p3 74,24 1,241

The calculated value of Cochran's criterion is

G Simsx _0,489-10°

- = 0,394,
Lo 1241107
>s

j=

Critical value of Cochran's criterion is Gerit = Go,0s:3;3 = 0,798 (at the significance level o = 0,05;
number of freedom degrees f = 3).

Condition G < Ggrit Is met and the experiments are thus reproducible.

The estimate of the homogeneity of variance is

N
Sj =i~ZSj =l~1, 241-10"° =0,310-107",

N = 4
at the selection size N = 4.

The estimate of the dispersion of the average value is
82 1010
2> 0310107 165900,
Y K 3

at the number of simultaneous experiments K = 3.
In order to establish the significance of the regression coefficients, the error in their estimation

was calculated:
’3,2 ’ 1010
Sb - |y — M = 0,161-10‘5.
N 4

At the number of the freedom degreesf =N - (K- 1) =4 - (3—1) = 8. The value of the Student's
criterion ist = 1,860. Then Sy - t = 0,161 - 10°- 1,860 = 0,299 - 10°°.

The calculation of the coefficients of the regression equation is shown in Table 5 (based on the
data in Table 1). The values of the regression coefficients are shown in Table 6.

Table 5
Calculation of the coefficients of the regression equation
E);pzjer:lltr)r;erznt Sample labelling X1, x10% Xz, X10° X1 - X2, X10° Average y, x10°
1 KFZhB 11,53 11,53 11,53 11,53
2 KZhB -14,26 14,26 14,26 14,26
3 KFB 19,76 19,76 19,76 19,76
4 KB —28,68 —28,68 28,68 28,68
) -11,66 —22,65 6,20 74,24
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Table 6
Value of the regression coefficients

bo, x10° by, x10° by, x10° b1, X105
18,6 -2,9 -5,7 1,6

As the values of the regression coefficients are not less than Sp - t = 0,299 - 10>, we state that
all regression coefficients are significant.
The regression equation in coded variables is:

y=18,6-10"-2,9-10"°-% —-5,7-10°-X, +1,6-107° - X, - X,.
The adequacy of the equation was checked using the Fisher criterion as follows:

1 2 1

2 onvimn meo, -10 -10

Saz) =ﬁ'_l(yf _yj p) =E0,02410 =0,00810 y
J=

where B is the number of significant regression coefficients of the equation (B = 3); y;”"*" is the
experimental value of the response function; y;"*’” is the theoretical value of the response function.
The calculation of the empirical and estimated values of the response function is shown in Table 7.

Table 7
Testing the adequecy of the regression equation
Obtained results : ;
i Difference, Square of difference,
Experiment Sample Experimental, Estimated, ot o . q eop \2 "
number Iabe”lng y(jmbrmH , ><105 y}neap , ><105 (yJ - yJ ) y XlO (yj — yJ ) ’ Xlo
1 KFZhB 11,53 11,60 -0,067 0,005
2 KZhB 14,26 14,20 0,063 0,004
3 KFB 19,76 19,80 -0,043 0,002
4 KB 28,68 28,80 -0,115 0,013
) 0,024

According to the results, the regression equation in coded variables adequately describes the
experimental data, a the calculated value of the Fisher criterion does not exceed its critical value:
F_ S2  0,008-107%

= ? = W = 0, 076 < FO,05;3;8 =4, 066.
y i)

The factor that has the strongest influence on the response function is xz, which is the percentage
of reinforcement with rod reinforcement (it has the coefficient that is the largest in absolute value);
the second most influential factor on the response is the factor x: is the percentage of dispersed rein-
forcement with polypropylene fiber; pair interaction also has a significant effect x1 - x2, i.e., ratio of
rod and dispersed types of reinforcement.

Based on this, the following conclusions can be made: the experiments are reproducible, the
obtained regression equation adequately describes the experimental data, all coefficients of the re-
gression equation are significant.

Thus, the previously made assumption is confirmed that the fibers act as a bond in the early age
of expanded clay fiber concrete and reduce shrinkage deformations similar to rod reinforcement.

6. Verification of the suggested method for analytically determining the deformations of
constrained shrinkage of a dispersed and combined-reinforced expanded clay concrete element
based on experimental data. Let us experimentally verify the assumption that the polypropylene
fiber acts as a bond, as a result of which it helps to reduce the total shrinkage deformations of ex-

12
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panded clay concrete. The experimental values of the relative deformations occurring in the polypro-
pylene fibers are determined based on the data in Table 3. It was found that the shrinkage deformations
of expanded clay reinforced concrete, recorded on concrete, were greater than the values of shrinkage
deformations of expanded clay fiber reinforced concrete, measured on concrete: €ics, s > €ics, . s

Similarly for the deformations fixed on the reinforcement: gss > &ss, +.

The observed change in the magnitude of deformations can be accounted for only by the
influence of fiber fibers on the stress-strain state of the element, since other influencing factors
were excluded.

The results of verification using the experimental data are shown in Table 8.

Based on the results shown in Table 8, it is obvious that the values of the relative deformations
of the fiber %% turned out to be roughly equal to X®*? and the deviation of no more than 11 %,
which allows us to consider the equality to be fair X% = g KPP,

Table 8
Experimental values of the relative deformations of polypropylene fiber due to shrinkage
Relative deformations in fiber, x 10° Deviation
calculated based on the experimental data using the above formula Kob __KoKs
Age, days| For KFB For KFZhB % %5 100 %
€5 =€ — Eiest | DEies t.s =Clss Cies.t.s | DEest =€ ~€est | Ets A 1 s TAE ¢ €

7 1,004 0,612 0,354 0,967 3,86 %
10 1,639 0,139 1,465 1,605 2,11 %
14 2,523 0,235 2,046 2,281 10,57 %
28 4,445 0,603 3,498 4,101 8,37 %
42 5,796 1,078 4,586 5,664 2,33%
62 7,054 1,801 5,227 7,029 0,36 %
91 8,509 2,673 5,833 8,506 0,03 %
120 8,928 2,731 5,877 8,608 3,72%

Note: Agis, 1, s are the relative deformations of the fiber, obtained as the difference between the relative deformations of
the shrinkage of expanded clay concrete, constrained by fiber fibers and reinforcing bars, and the relative defor-
mations of the reinforcement; Asss 1 are the relative deformations of the fiber, obtained as the difference between
the relative deformations of the shrinkage of expanded clay concrete, constrained by the reinforcing bars, and the
relative deformations of the reinforcement.

Deformations of the fibers in the sample with dispersed reinforcement e“%2 are comparable in
absolute value to the deformations of fiber fibers in the samples with combined reinforcement g X ?#?,
i.e., regardless of the type of reinforcement, with the same content of fibers, approximately equal
compression deformations caused by shrinkage of the cement stone arise in them, and therefore, com-
pressive stresses of similar magnitude. Hence it has been empirically proven that polypropylene fiber
works as a bond helping to reduce shrinkage deformations of expanded clay concrete at an early age,
when the modulus of elasticity of the fiber is greater than or equal to the modulus of elasticity of the
cement stone.

Conclusions

1. It has been experimentally confirmed that at an early age, low-modulus polypropylene fibers
act as a bond. Throughout the period of expanded clay concrete strength gain, the elastic modulus of
polypropylene fiber is higher than that of cement stone, resulting in a redistribution of stresses in the
«cement stone — fiber» system, which contributes to a considerable reduction in the deformations
caused by hardening processes.

2. The equations for the compatibility of the deformations for expanded clay fiber concrete
(expanded clay concrete reinforced with polypropylene fiber) and expanded clay fiber reinforced
concrete (expanded clay concrete with combined reinforcement — rod reinforcement and fibers) are
set forth followed by verification using the experimental data.

13



Russian Journal of Building Construction and Architecture

3. It has been empirically found that with a percentage of dispersed reinforcement of 0.36 % by
volume, the presence of polypropylene fiber in expanded clay concrete mix allows one to reduce the
deformations of the total shrinkage by approximately 30 % at 120 days under natural hardening con-
ditions compared to expanded clay concrete without dispersed reinforcement.

4. It seems promising to investigate the kinetics of changes in the elastic modulus of expanded
clay fiber concrete over time, particularly at an early age (3—7 days). Based on the value of the elastic
modulus of expanded clay fiber concrete, it seems feasible to develop an algorithm for determining
the total shrinkage deformations at any time t < 120 days.
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