International Journal for Computational Civil and Structural Engineering, 18(2) 175-183 (2022)
DOI:10.22337/2587-9618-2022-18-2-175-183

RELATIONSHIP BETWEEN STRENGTH AND DEFORMATION
CHARACTERISTICS OF HIGH-STRENGTH
SELF-COMPACTING CONCRETE

Igor M. Bezgodov !, Semyon S. Kaprielov?, Andrey V. Sheynfeld >

' Research and testing center «kcMGSU STORY-TEST» National Research Moscow State University of Civil
Engineering, Mytishchi, RUSSIA
2 «Research Institute for Concrete and Reinforced Concrete» named after A.A. Gvozdev, Moscow, RUSSIA

Abstract. The paper provides data on the strength and deformation characteristics of heavy self-compacting
concrete of classes B30-B100 with a cubic compressive strength of 36.5-114.8 MPa. It has been established
that the values of the concrete prism compressive strength (36.2-104.2 MPa) are 42-64% higher than the
normalized values given in the building code of the Russian Federation SP 63.13330.2018. The values of the
static modulus of elasticity for high-strength concretes of classes B80-B100 are 44.1-48.1 GPa and exceed by
5-12% the values given in SP 63.13330.2018. The ultimate compressive strains of concrete of classes B30-
B100 are in the range from 261x107 to 326x10° and exceed the value of 200x10° given in SP
63.13330.2018. Complete deformation diagrams of self-compacting concretes of classes B30-B100 have
been constructed. The nonlinearity of these ones decreases with increasing concrete strength. The descending
branch of the o-¢ diagram is observed only for concrete of a class below B55 with a total relative compres-
sive strain of 403.3 x 107 under a loading level of 0.85Ry,. Concrete of classes B55-B100 has no descending
branch. Previously established dependencies are refined for the analytical description of strains and stresses
at any stages of loading structures.

Keyword. High-strength self-compacting concrete, complete strain diagrame, deformation characteristics,
Poisson's ratio, ultimate compressive strains, compressive strength, static modulus of elasticity.
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! Hayuno-uccnenoBareiabckuil 1 UcnbITaTeNbHbINA HEeHTp «MI'CY CTPOU-TECT» HanmoHnansHBIA Hcclieq0BaTEIbCKUI
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AnHoTtanus. [TomydeHsl JaHHBIC O MPOYHOCTHBIX M J1e(OPMAIMOHHBIX XapaKTEPUCTHKAX TSDKENBIX CaMo-
yrutoTHsonuxcst 6eTonoB kiaccoB B30-B100 ¢ xyOukoBoit mpodHocThIO Ha cxkaTtue 36,5-114,8 MIla. Ycra-
HOBJICHO, YTO 3HAYCHUS TIPU3MEHHOM MPoYHOCTH OeTOHOB Ha cxatue (36,2-104,2 MlIla) na 42-64 % mpesoc-
XOZST HOPMHPYEMBIE TIOKa3aTenu, npuseaeHubie B cBoze npasuit PO CIIT 63.13330.2018. 3nauenus cratu-
YECKOro MOJYJISl YIPYTOCTH, ISl BRICOKOIPOUHBIX OeToHOB KitaccoB B80-B100 cocrasisitor 44,1-48,1 I'Tla u
npeBblmaoT Ha 5-12 % 3Hauenus, npuBeaenHsle B CII 63.13330.2018. IlpeaensHble OTHOCUTENBHBIE Jie-
dopmanun cxarus 6eToHoB KiaccoB B30-B100 Haxonsarcs B auanaszone ot 261x10 1o 326x107° u npesbI-
warot 3nadyenne 200x10, npusenennoe B CIT 63.13330.2018. ocTpoeHbI MOJIHBIE AUarpaMMbl 1eopMupo-
BaHUS CaMOYIUIOTHSFOIIUXCsE OeToHOB KiaccoB B30-B100, HeMMHEHHOCTh KOTOPBIX YMEHBIIACTCS TI0 Mepe
pocTa mpouHocTn O6eToHa. Hucxopsimas BETBb AUarpaMMBbl G-€ HaOJIOIAeTCsl TOJIBKO y OETOHA Kilacca HIXKe
B55 ¢ cymmapHO# oTHOCHTenbHOM medopmanueii cxatus 403,3x10° mpu yposne Harpyxenus 0,85Ry. Y
6etoHoB KitaccoB B55-B100 Hucxoasmas BEeTBb OTCYTCTBYET. Y TOUHCHBI paHEe YCTaHOBIICHHBIC 3aBUCHMO-
CTH ISl aHAJIUTHYECKOT0 ONHMCAHUS OTHOCHTENBHBIX Je(opMalnii 1 HapsHKeHUH Ha J0OBIX dTarax Harpy-
JKEHUSI KOHCTPYKLMH.
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KaioueBble ci1oBa: BEICOKOMPOYHBIN caMOYTUIOTHSIOIIMIICS OCTOH, TIOJIHAs IMarpaMma Je(opMupoBaHus,
JeopMannoHHbIE XapaKTepUCTHKH, K03 ¢unnent [lyaccona, nmpesesibHbIe OTHOCUTENbHBIE Ie)OPMAIINU CKATHS,
MIPOYHOCTh Ha CKATUE, CTATHYECKUI MOJYJIb YIIPYTOCTH.

INTRODUCTION

All regulatory documents for the calculation of
reinforced concrete structures both in Russia
(set of rules SP 63.13330.2018) and abroad (in-
ternational standard Model Code MC 2010, Eu-
ropean standard EN 1992-1-1: 2004 Eurocode
2) are based on the relationship between the
strength and deformation characteristics of con-
crete.

In Russia, the generalized strength parameter is
the compressive strength class of concrete de-
termined by the values of cubic (R) and prism
(Rv) compressive strength. Among several nor-
malized deformation characteristics of concrete,
the most significant is the static modulus of
elasticity (£,), which according to SP
63.13330.2018 “Concrete and reinforced con-
crete structures. General Provisions”, depends
mainly on the classes and types of concrete. The
remaining deformation characteristics are either
depends on the elastic modulus (shear modulus
(G=0,4-E;)), or are taken constant (transverse
strain coefficient - Poisson's ratio v,=0.2; ulti-
mate strain for axial compression under short-
term load €5,7,=0.002).

At the same time, foreign standards give
strength and deformation characteristics (except
for Poisson's ratio) for each class of concrete.
An analysis of the existing concrete strain dia-
grams under compression in Russian and for-
eign regulatory documents has shown that the
ultimate compressive strain of concrete in many
countries is taken as a variable. And non-linear
dependences of strain diagrams are proposed,
considering the ascending and descending
branches [1]. In addition, the values on the as-
cending branch of the corresponding cylindrical
strength and the total strain, taking into account
the descending branch, are determined for each
class.
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However, the application of the dependencies
given in foreign standards and literature is diffi-
cult in Russia, since the methods for determin-
ing the main characteristics of concrete have
significant differences regarding the shape and
size of the samples, the conditions for their
maintenance, the speed and discreteness of load-
ing, etc.

A number of studies [2-9] showed that the ex-
perimentally obtained dependences between the
strength and deformation characteristics of ordi-
nary concrete with a compressive strength not
exceeding 40 MPa cannot always be used for
high-strength concrete with a strength of 60-120
MPa.

Therefore, the study of the relationship between
the strength and the complex of deformation
characteristics of both ordinary and high-
strength concretes with the construction of
complete strain diagrams (including the de-
scending branch) and the refinement of the pre-
viously obtained dependencies is an urgent task.
This is of particular interest for concretes made
of self-compacting mixtures, the volume of
which is growing.

The purpose of the research was to determine
the relationship between the strength and de-
formation characteristics of concrete classes
from B30 to B100, prepared from self-
compacting mixtures, with the refinement of
previously obtained dependencies

To achieve the purpose, the following tasks
were solved:

- determination of strength (cubic and prismatic
compressive strength) and deformation (static
modulus of elasticity, Poisson's ratio, ultimate
compressive strains) characteristics of five
compositions of self-compacting concrete of
classes B30-B100;

- construction of complete concrete deformation
diagrams, including the descending branch;
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- refining of the previously established in [8, 9]
dependences of the deformation characteristics
of concretes on their prism compression
strength;

- comparing of the obtained results with the
standard values given in the building code of the
Russian Federation SP 63.13330.2018.

MATERIALS AND TEST METHODS

Applied materials

The materials (cement, modifier, microfiller,
sand and crushed stone), which satisfy the
standards of the Russian Federation and applied
in the production of self-compacting concrete
mixes for construction projects at the Moscow-
City MIBC, were used for the preparation of
concrete in laboratory conditions.

The characteristics of the materials were as fol-
lows:

- Portland cement CEM I 52.5 N, corresponding
to GOST 31108;

- organomineral concrete modifier MB10-50C
A-II-2, including microsilica (45%), fly ash

(45%) and superplasticizer (10%) [10], corre-
sponding to GOST R 56178;

- micro-filler - non-activated mineral powder
MP-1 (ground limestone) with a particle size of
less than 1.25 mm, corresponding to GOST R
52129 and GOST R 56592;

- superplasticizer SikaPlast E4 based on a mix-
ture of modified lignosulfonates and polycar-
boxylate esters, corresponding to GOST 24211;
- class I quartz sand with fineness modulus
Me=2.55, corresponding to GOST 8736;

- crushed granite fraction 5-10 mm, correspond-
ing to GOST 8267;

- water for mixing concrete mixtures, corre-
sponding to GOST 23732.

Compositions and Properties of Concrete
Mixes

In laboratory conditions, 5 concrete composi-
tions were prepared using self-compacting mix-
tures with a cement consumption of 287 to 482
kg/m® with the addition of MB modifier and mi-
cro-filler at a water-binding ratio W / (C + MB)
from 0.25 to 0.69.

The compositions of self-compacting concrete
mixtures are presented in table 1.

Table 1. Composition of self-compacting concrete mixtures

No Composition of self-compacting concrete mixes, kg/m’
°°mpn°s't‘° C MB MP-1 FA CA SP w
1 287 - 148 822 871 3,53 198
2 305 29 167 836 836 - 177
3 349 65 150 818 838 - 161
4 423 70 101 826 846 - 161
5 482 131 50 733 904 - 151

Note: C - Portland cement; MB - modifier; MP-1 - microfiller; FA - sand; CA - crushed stone; SP - superplasticizer,

W - water.

Concrete mixtures were prepared in a 25-liter
forced-action mixer with mixing of each batch
for 5 minutes. The results of tests of concrete
mixtures showed that their mobility, determined
by the spread of a normal cone [11], is in the
range from 55 to 65 cm.
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Object of Research and Test Methods

Samples were formed from the prepared con-
crete mixtures: 3 cubes with a size of 100 x 100
x 100 mm to determine the cubic compressive
strength of concrete (R) according to Russian
standards GOST 10180 and GOST 31914; 6
prisms with a size of 100 x 100 x 400 mm to
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determine the prism compressive strength of
concrete, the static modulus of elasticity, Pois-
son's ratio according to the standards of the
Russian Federation GOST 24452 and GOST
31914; 3 prisms with size of 70.7 x 70.7 x 280
mm to establish complete strain diagrams of
concrete according to the method [13, 14].

Control specimens were stored for 28 days un-
der normal conditions (temperature plus 20 £ 2
°C, humidity 95 + 5%) before testing. The load-
ing of the prisms was carried out in steps equal
to 0,1R;, with holding at each step for 5 minutes
until the destruction of the specimens. The static
modulus of elasticity and Poisson's ratio were

determined at a loading level of 30-40% of the
prism strength.

TEST RESULTS AND DISCUSSION

Table 2 presents concrete test results in terms
of: concrete class (B), cubic (R) and prism (R})
compressive strength, static modulus of elastici-
ty (E,), Poisson's ratio (wv), ultimate compres-
sive strain (€v0). And figure 1 shows complete
strain diagrams of concrete.

Table 2. Strength and short-term deformation characteristics of concrete

Strength and deformation characteristics of concrete

No
B’ Ra Rb’ Eb, 5 -0,85 5
MPa MPa MPa MPa v oo 107 & 10
1 B30 36.5 36.2 32.5 0.206 261 403
2 B55 61.8 56.0 39.2 0.214 276 -
3 B70 80.2 74.5 40.5 0.198 299 -
4 B8&0 92.5 85.3 44.1 0.205 294 -
5 B100 114.8 104.2 48.1 0.230 326 -
B0, Jue
= ' a
100 £, =326x10°
% B0l
o 80 £,,=294x10
o |
5 7 S B
g w i
Fal P B
E,.=276x10°
40 7 ‘ - !
" )
30 - / g R‘_,=BBB.320MF’? :::Eam o
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S
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Relative compression strain, £x10°
Figure 1. Complete concrete compressive strain diagrams o—¢&
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Compressive Strength

The cubic compressive strength (R) for all con-
cretes at the age of 28 days is in the range from
36.5 to 114.8 MPa and corresponds to concrete
compressive strength classes from B30 to B100.
The prismatic compressive strength of concrete
(Rp) at the age of 28 days is in the range from
36.2 to 104.2 MPa. Evaluation of the above re-
sults according to the criterion of the prism
strength coefficient, determined by the ratio of
the prismatic compressive strength of concrete
to cubic strength (Kpp = Rb / R) shows that its
actual values are in the range from 0.91 to 0.99
and significantly exceed the values of this coef-
ficient calculated according to the parameters
given in the building code of Russian Federation
SP 63.13330.2018 (from 0.71 to 0.73).

Static Modulus of Elasticity

The static modulus of elasticity of concretes of
classes B30-B100 with prismatic strength from
36.2 to 104.2 MPa is in the range from 32.5 to
48.1 GPa (see Table 2). Figure 2 shows the de-
pendence between the static modulus of elastici-
ty and the prismatic compressive strength of
concrete.

50

48.1

=] 441
3 45 23 | T | 458
o _ e 437
g% 40 92| o
= /537
& pd
- W 35 o
Q — 334 e
L
= 32.5
i) 30
»

-

0
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Compressive strength of concrete prisms (R,), MPa

@&— - actual data obtained from the results of testing concretes prisms
O=== - actual static elastic modulus, calculated by the formula (1)

Figure 2. Static elastic modules vs compressive
strength of concretes prisms

The obtained results (see Fig. 2) show that the
static modulus of elasticity of concrete is pro-
portional to the prismatic strength and can be
determined by the corrected formula [8] in the
form:
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_ 52000-R,
b= 2340.92R, ()
Comparison of the calculated results and those
obtained experimentally shows (see Figure 2)
that this formula can be used to determine the
static modulus of elasticity of concrete, since
the calculation error does not exceed 5%.
Comparison of the experimentally obtained
values of Eb with normalized values showed
that the static modulus of elasticity of high-
strength concretes of classes B80-B100 ex-
ceeds by 5 ... 14% the values given in SP
63.13330.2018, corresponds to Model Code
MC 2010 and is consistent with previously ob-
tained results [4-6, 15, 16].

Poisson's ratio

Poisson's ratio of heavy concretes of classes
B30-B100 is in the range from 0.198 to 0.230
(see Table 2) and, in general, corresponds to the
normalized value of the coefficient of transverse
deformations vp, p= 0.2 according to the build-
ing code of the Russian Federation SP
63.13330.2018.

Ultimate compressive strain

Ultimate compressive strains of concrete of
classes B30-B100 with prismatic strength from
362 to 104.2 MPa are in the range from
261x107 to 326x10 (see Table 2) and exceed
the value of 200x10° given in SP
63.13330.2018. The complete strain diagrams of
concrete under compressive show (see Fig. 1)
that the descending branch is observed only in
class B30 concrete with a prism strength of 36.2
MPa, where the total relative compressive strain
was 403.3x107 at the level of 0.85Ry of the de-
scending branch. For concretes with higher
strength, there is no descending branch, which
corresponds to the results obtained in [9].

Figure 3 shows the dependence between the
ultimate strain and the prismatic compression
strength of concrete.
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Figure 3. Ultimate compressive strain vs com-
pressive strength of concretes prisms

The obtained results (see Fig. 3) show that the ul-
timate strain of concrete increase with an increase
in prismatic strength and can be determined by the
corrected formula [8, 9] in the form:

Epo — 0024 3\/2::7 (2)

Comparison of the calculated results and those
obtained experimentally shows (see Fig. 3) that
this formula can be used to determine the limit-
ing relative deformations of concrete, since the
calculation error does not exceed 5%.

Relationship between Strains and Stresses

It is necessary to determine the values of strains
or stresses at any stage of loading or defor-
mation of structures when calculating or testing.
For an analytical description of relative strains
and stresses at any stages of loading, it is pro-
posed to use the refined equations [8, 9] in the

form:
8n:8b0'(1in/1-Rib> (3)
O-r/:Rb'|]' 8_’7 .Rb (4)
€ho
where:

& 1s strain at a given stress level,
oy 1s the stress at given strain, MPa;

180

n is the loading level equal to the ratio of stress-
es to prismatic strength (o6/Rv);

&ro1s ultimate compressive strain;

R» is the prismatic compressive strength of con-
crete, MPa;

n is the degree of non-linearity of the concrete
strain diagram, which depends on its strength
and can be determined by the formula:

Ry-10°
Ep

n=23.5- Q)

The dependence between the degree of nonline-
arity of deformation diagrams and the prism
compressive strength of concrete is shown in
Figure 4, from which it can be seen that with
increasing strength, the degree of nonlinearity
decreases and tends to unity. This confirms the
results of previous studies [8, 17].

It should be noted that when determining the
strain in the descending branch of the diagram
c—¢, the sign in front of the root of the second
polynomial in formula (3) should be replaced
from minus to plus.

Comparison of the strainf of self-compacting
concretes of classes B30-B100, obtained exper-
imentally, with the results calculated from the
analytical dependence (3) showed satisfactory
convergence, which makes it possible to use
equations (3) and (4) to assess strains and
stresses at all stages of loading structures.
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®— - actual data obtained from the results of testing concretes prisms and calculated by the formula (5)
0= - the degree of nonlinearity of concrete strain diagrams, calculated by the formulas (1, 5)

Figure 4. The degree of nonlinearity of concrete
compressive strain diagrams
vs compressive strength of concretes prisms
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CONCLUSIONS

1. Strength (cubic and prismatic compressive
strength) and deformation (static modulus of
elasticity, Poisson's ratio, ultimate compressive
strains) characteristics of five compositions of
self-compacting concretes of classes B30-B100
were determined using standard and special
methods.

2. The obtained results show that the values of
the strength and deformation characteristics of
high-strength self-compacting concrete of clas-
ses B80-B100 exceed the standard values given
in the building code of the Russian Federation
SP 63.13330.2018.

3. Complete strain diagrams of self-compacting
concretes of classes B30-B100 are constructed.
The nonlinearity of these diagrams decreases as
the strength of concrete increases. The descend-
ing branch of the c-¢ diagram is observed only
for concrete of classes below B55 with a prism
strength of 36.2 MPa, while it is absent for con-
crete of classes B55-B100 with a prism strength
0f 56.0-104.2 MPa.

4. Previously established dependences for de-
termining the static modulus of elasticity, ulti-
mate compressive strains and analytical expres-
sions for strains and stresses at any stages of
loading the structures made of self-compacting
concrete of classes B30-B100 have been re-
fined.

REFERENCES

1. Panfilov D.A., Pischulev A.A., Di-
madetdinov K.I. Review of existing dia-
grams of deformation of concrete under
compression in domestic and foreign regu-
latory documents // Industrial and civil con-
struction. - 2013. - No. 3. - pp.34-36 (in
Russian).

2. Sviridov N.V., Kovalenko M.G.,
Chesnokov V.M. Mechanical properties of
especially strong cement stone // Concrete
and reinforced concrete. 1991. No. 2. pp. 7-
9 (in Russian).

Volume 18, Issue 2, 2022

Beshr H., Almusallam A.A., Masle-
huddin M. Effect of coarse aggregate qual-
ity on the mechanical properties of high
strength concrete // Construction and Build-
ing Materials. - 2003. - No. 97-103. - pp.
97-103.

Kaprielov S., Karpenko N., Sheinfeld A.,
Kouznetsov E. Influence of multicompo-
nent modifier containing silica fume, fly
ash, superplasticizer and air-entraining
agent on structure and deformability of
high-strength ~ concrete  //  Seventh
CANMET/ ACI International Conference
on Superplasticizers and other chemical
admixtures in concrete. Berlin, Germany,
2003, p.p.99-107

Kaprielov S., Karpenko N., Sheinfeld A.
On Controlling Modulus of Elasticity and
Creep in High-Strength Concrete with Mul-
ticomponent Modifier // Eighth
CANMET/ACI International Conference on
Fly ash, Silica Fume, Slag and Natural Poz-
zolans in Concrete, Las Vegas, May 23-29,
2004, Supplementary Papers, p.p.405-421
Karpenko N.I., Kaprielov S.S., Kuz-
netsov E.N., Sheinfeld A.V., Bezgodov
I.M. Creep measures for high-strength con-
cretes based on MB / RAASN, Bulletin of
the Department of Building Sciences. Issue.
8.- M., 2004. - pp.203-214 (in Russian).
Byung Jae Lee, Seong-Hoon Kee,
Taekeun Oh, Yun-Yong Kim Effect of
Cylinder Size on the Modulus of Elasticity
and Compression Strength of Concrete
from Static and Dynamic Tests // Hindawi
Publishing Corporation Advances in Mate-
ri-als Science and Engineering. - 2015. -
No. ID 580638. - 12 p.

Bezgodov I.M. On the issue of evaluation,
the ultimate compression strain for various
classes of concrete // Concrete and rein-
forced concrete. - No. 15. - 2015. - pp.9-11
(in Russian).

Bezgodov I1.M., Dmitrenko E.N. Im-
provement of curvilinear diagrams of con-
crete deformation // Industrial and civil

181



10.

11.

12.

13.

14.

15.

16.

17.

Igor M. Bezgodov, Semyon S. Kaprielov, Andrey V. Sheynfeld

construction. - No. 8. — 2019. — pp.99-104
(in Russian).

Kaprielov S., Sheinfeld A. Influence of
Silica Fume / Fly Ash / Superplasticizer
Combinations in Powder-like Complex
Modifiers on Cement Paste Porosity and
Concrete Properties. / Sixth
CANMET/ACI International Conference on
Superplasticizers and other Chemical Ad-
mixtures in Concrete. Nice, France, October
2000. Proceedings, p.p. 383-400.

EN 12350-8: 2010 Testing fresh concrete -
Part 8: Self compacting concrete - Slump-
flow test.

EN 206: 2013 Concrete - Specification, per-
formance, production and conformity.
Bezgodov I.M., Levchenko P.Yu. On the
issue of the method of obtaining complete
strain concrete diagrams // Tekhnologii
betonov. - No. 10. - 2013. - pp.34-36 (in
Russian).

Bezgodov I.M. Methodological features of
the study of complete strain diagrams and
stress relaxation in concrete // Tekhnologii
betonov. - No. 11-12. - 2020. - pp.39-44 (in
Russian).

Sviridov N.V. Extra strong cement con-
crete // Energy construction. - No. 8. -
1991. - P.21-29 (in Russian).

Sviridov N.V., Kovalenko M.G. Concrete
with a strength of 150 MPa on ordinary
Portland cements // Concrete and reinforced
concrete. - No. 2. - 1990. - pp.21-22 (in
Russian).

Mkrtchan A.M., Aksenov V.M. Analytical
description of the diagram of deformation of
high-strength concretes // Inzhenerny Bulle-
tin of the Don. - 2013. - No. 3. URL:
http://www.ivdon.ru/magazin/archive/n3y20
13/1818 (in Russian).

CIIMCOK JIMTEPATYPbI

1.

182

MMangpuiaos /A.A., [lumysaes A.A., Iuma-
aeraunoB K.M. OG630p cymiecTBYOMIHX
nuarpaMMm 1eOpMHPOBaHUST OCTOHOB TIPH

C)KaTUM B OTEYECTBEHHBIX U 3apyOeKHBIX
HOPMATHUBHBIX JOKyMeHTax // IIpombimi-
JICHHOEC M TPaXXJAHCKOE CTPOUTEIBCTBO. —
2013. - Ne3. - C.34-36.

Ceupugos H.B., KoBanenko M.I'., Yec-
HOKOB B.M. MexaHnnueckue CBOIMCTBA OCO-
00 MPOYHOTO 1IeMEHTHOTrO KamHs // beToH u
xene300eToH. 1991. Ne 2. C .7-9.

Beshr H., Almusallam A.A., Masle-
huddin M. Effect of coarse aggregate qual-
ity on the mechanical properties of high
strength concrete // Construction and Build-
ing Materials. - 2003. - Ne97-103. - C. 97-
103.

Kaprielov S., Karpenko N., Sheinfeld A.,
Kouznetsov E. Influence of multicompo-
nent modifier containing silica fume, fly
ash, superplasticizer and air-entraining
agent on structure and deformability of
high-strength ~ concrete  //  Seventh
CANMET/ACI International Conference on
Superplasticizers and other chemical ad-
mixtures in concrete. Berlin, Germany,
2003, p.p.99-107

Kaprielov S., Karpenko N., Sheinfeld A.
On Controlling Modulus of Elasticity and
Creep in High-Strength Concrete with Mul-
ticomponent Modifier // Eighth
CANMET/ACI International Conference on
Fly ash, Silica Fume, Slag and Natural Poz-
zolans in Concrete, Las Vegas, May 23-
29,2004, Supplementary Papers, p.p.405-
421

Kapnenko H.U., Kanpuesaos C.C., Ky3-
Heuos E.H., llleitngenna A.B., besrogos
HN.M. Mepsbl 1mon3y4ecTd BBICOKOIIPOYHBIX
O0etonoB Ha ocHoBe Mb // PAACH, Becrt-
HUK OTJCJICHUsI CTPOUTEIbHBIX HayK. Bairl.
8.- M., 2004. - C.203-214.

Byung Jae Lee, Seong-Hoon Kee,
Taekeun Oh, Yun-Yong Kim Effect of
Cylinder Size on the Modulus of Elasticity
and Compressive Strength of Concrete from
Static and Dynamic Tests // Hindawi Pub-
lishing Corporation Advances in Materials
Science and Engineering. - 2015. - NeID
580638. — 12 p.

International Journal for Computational Civil and Structural Engineering



Relationship Between Strength and Deformation Characteristics of High-Strength Self-Compacting Concrete

8. BbesromoB U.M. K Bompocy oOLieHKH Tpe-
JeNbHON OTHOCHTENbHOU aedopmarun Oe-
TOHA MIPU CXKATUU JIJISI Pa3IIUYHBIX KJIaCCOB
oerona // beron u xene3oberon. — Ne5. —
2015. - C.9-11.

9. besronos U.M., JImutpenko E.H. Co-
BEPIICHCTBOBAHUE KPUBOJIMHEHHBIX JHa-
rpamm nedopmupoBanusi Oetona // Ilpo-
MBIIIUIEHHOE ¥ TPaXJTaHCKOE CTPOUTEIh-
ctBO. — Ne§8. —2019. — C.99-104.

10. Kaprielov S., Sheinfeld A. Influence of
Silica Fume / Fly Ash / Superplasticizer
Combinations in Powder-like Complex
Modifiers on Cement Paste Porosity and
Concrete Properties // Sixth CANMET/ACI
International Conference on Superplasticiz-
ers and other Chemical Admixtures in Con-
crete. Nice, France, October 2000. Proceed-
ings, p.p.383-400.

11. EN 12350-8: 2010 Testing fresh concrete -
Part 8: Self compacting concrete - Slump-
flow test.

12. EN 206: 2013 Concrete - Specification, per-
formance, production and conformity.

13. be3romop U.M., JleBuenko II.}O. K Bo-
pOCY O METOAMKE TIOIYYEHHUSI TMOJTHBIX
nuarpamm  aedopmupoBanus 6eroHa //
Texnonorun 6eroHoB. — NelO. — 2013. —
C.34-36.

14. Besrogos .M. Meroauueckrue 0coOeHHO-
CTH HCCIIEJIOBaHUS TOJHBIX JUArpaMMm Jie-
(dhopMHUpOBaHUS U peNlaKCaIliH HATPSHKSCHUN
B Oetone / Texnomorun 6eroHoB. — Nell-
12.-2020. — C.39-44.

15. Ceupuno H.B. Oco60 npoyHbIil [IEMEHT-
HBIA OETOH / DHEPreTHYecKoe CTPOUTEIb-
cTBO. - Ne8. — 1991. - C.21-29.

16. Ceupugos H.B., KoBasenko M.I'. beton
npoyHocThio 150 MIla Ha pamoBBIX MOPT-
nanaueMeHnTax / beToH m xkene300eToH. -
Ne2. —1990. - C.21-22.

17. Mkptuan A.M., AxcenoB B.M. Ananu-
TUYECKOE OMHCAHME TuarpaMMmsbl 1edopmu-
pOBaHUsI BBICOKOMPOYHBIX OeToHOB // UH-
keHepHbld BecTHUK Jlona. — 2013. - Ne3.
URL:http://www.ivdon.ru/magazin/archive
/n3y2013/1818.

Simyon S. Kaprielov, Eng.Sc.D., head of laboratory Nel6
“Research Institute for Concrete and Reinforced Con-
crete” named after A.A. Gvozdev, JSC Research Center
of Construction, 2-nd Institutskaya str., 6, Moscow,
109428, Russian Federation, tel. +7 (499) 171-0573, e-
mail: kaprielov@masterbeton-mb.ru.

Andrey V. Sheynfeld, Eng.Sc.D., deputy head of laborato-
ry Nel6 “Research Institute for Concrete and Reinforced
Concrete” named after A.A. Gvozdev, JSC Research Cen-
ter of Construction, 2-nd Institutskaya str., 6, Moscow,
109428, Russian Federation, tel. +7 (499) 174-7635, e-
mail: sheynfeld@masterbeton-mb.ru.

Igor M. Bezgodov, engineer, Moscow State University of
Civil Engineering (National Research University), Mos-
cow, Russian Federation, Olimpiyskiy avenue, 50/25,
Mytishchi, Moscow oblast, 141006, Russian Federation,
tel. +7 (495) 542-97-42, e-mail: ibezgodov52@yandex.ru

Volume 18, Issue 2, 2022

Kanpuenos Cemen Cypenoguy, IOKTOp TEXHUUYECKUX
HayK, 3aBemyrommii nmabopatopueir Nel6 HUMXKDB wuwm.
A.A. TBozgeBa AO «HUIL[ CrpourenbctBo», 109428
Mocksa, 2-1 UuctutyTekas yi., 1.6, kop.S, ten. +7-499-
171-0573, e-mail: kaprielov@masterbeton-mb.ru.

Lleiingpenvo Anopeti Braoumuposuu, TOKTOp TEXHUYE-
CKMX HayK, 3aM. 3aBexylomiero Jjaboparopueir Nel6
HUMXB um. A.A. TBozgeBa AO «HUIL] Crpourenn-
ctBo», 109428 Mocksa, 2-1 WucTuTyTCKasg yia., 1.6,

Kop.5, TeI. +7-499-174-7635, e-mail:
sheynfeld@masterbeton-mb.ru.
bese0006  Heopv  Muxatinosuu, wmxenep, Haydmro-

WCCIICIOBATEIIBCKUM M HWCHBITaTeNbHBIN 1eHTp «MI'CY
CTPOU-TECT» HanmoHaJbHBIH  HCCIEN0BATEIBCKHMN
MockoBckuit I'ocymapctBeHHbIlt CTpOUTEIbHBIM YHU-
Bepcuter, 141006 1. Mbitumm, MockoBckasi 00acTh,
Onumnuiickuii mpocnexT, Bi1.50, ctp. 25, YJIK CTuXXBK,
+7-495-542-9742, e-mail: ibezgodov52@yandex.ru

183



