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DETERMINATION OF THE INFLUENCE OF TECHNOLOGICAL
DAMAGE TO CONCRETE ON ITS PRISM STRENGTH

N. Oliynyk?!
'0desa State Academy of Civil Engineering and Architecture

Abstract: Despite almost two hundred years of experience in use and significant volumes of use,
which no composite material can match, reinforced concrete is still far from being fully studied. It is
necessary to clarify the calculation of structures in order to fully take into account the factors that
affect their operation under load.

Due to the peculiarities of its structure, concrete is a multicomponent and multiphase
polycrystalline formation that has a developed system of macro- and microdefects that arise in the
structure during molding.

Since concrete as a structural material is formed directly in the structure or product itself, it is
practically possible to control its quantitative and qualitative parameters only after receiving the
finished product or structure.

Since the composition of concrete affects the structure, strength characteristics and deformation
properties of reinforced concrete structures operating under the influence of external influences, there
is a need for a more thorough study of it and the determination of optimal components in order to
ensure the operational reliability of structures.

During the technological processing of concrete, technological cracks appear in products at all
levels of structural inhomogeneities in the material, which, being structural parameters of concrete,
determine damage to structures, and thereby their operational reliability.

A directed change in technological damage allows you to change the nature of crack formation
and structural failure. The use of mineral filler in certain quantities and a certain dispersion allows you
to control the processes of organizing the structure of concrete and regulate its initial volumetric
changes, and therefore, technological damage in order to obtain building structures with the necessary
properties.

The results of the research revealed the influence of fillers on the initial damage of concrete and
on its prismatic strength. Since technological damage significantly affects the strength properties of
concrete, this allows you to assign concrete compositions with specified characteristics.

Keywords: reinforced concrete, cracks, technological damage, prismatic strength.

BU3HAYEHHSI BIVIMBY TEXHOJIOI'MYHUX MOIKOAKEHb
BETOHY HA HOI'O ITPUSMATHUYHY MIIHICTD

Ouiiinuk H. B.!
Y00ecvra depacasna axademis 6ydienuymea ma apximexmypu

Amnoranisi: He3Bakaroun Ha Maibke IBOXCOTPIYHHMU JIOCBIJ 3aCTOCYBaHHS Ta 3HAa4HI 0OCITH
BUKOPHUCTAHHS, 3 SKUMH HE MOXKE 3PIBHATHCS KOJCH IHIINH KOMITO3UIIMHUI MaTepia, 3ami300eToH i
J0Cl  3aJIMIIAETBCS HENOCTaTHRO BHBYCHMM. HeEoOXigHO YTOYHIOBATH METOIU PO3PaxyHKY
KOHCTPYKLiH 3 METOI0 IOBHOIO BpaxyBaHHS ()akTOpiB, IO BIUIMBAIOTH HAa iXHIO POOOTY Iif
HABaHTa)KEHHSIM.

Uepe3 0cOOMMBOCTI CBO€I CTPYKTYpH O€TOH € 0araTOKOMIOHEHTHUM 1 OaraTodasHuM
MOJIIKPUCTAIIYHUM YTBOPEHHSIM, IO Ma€ PO3BHHEHY CHCTEMY MakKpo- Ta MiKpoJAe]eKTiB, sKi
BHHHKAIOTH Y TIPOIIECi hOpMyBaHHSI.

OcKiNbKH OCTOH SIK KOHCTPYKIIIHMEN MaTepian GopMyeTbest 6e3mocepeHbo B caMiii KOHCTPYKIIIi
abo BHpOOi, MPAKTUYHO MOKIMBUM € KOHTPOJb WOro KUIBKICHHMX 1 SKICHUX MapaMeTpiB JIMILIE Micis
OTPUMaHHS TOTOBOT'O BUPOOY UM KOHCTPYKIIII.
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Ockinbku ckjaj OeTOHY BIUIMBAE Ha CTPYKTYPY, MIIHICHI XapaKTEpPUCTHKH Ta AeopMaliiiHi
BJIACTHBOCTI 3a1i300€TOHHUX KOHCTPYKIIiH, IO MPAIfOIOTh ITiJ Ji€}0 30BHILIHIX BILIMBIB, BUHUKAE
HEOOXITHICT WOTO OLIBII IPYHTOBHOTO JOCTI/KEHHS Ta BU3HAYEHHS ONTHMAIBHAX KOMIIOHEHTIB 3
METOI0 3a0e3MeueHHs eKCILUTyaTaliifHoT HaaiHHOCTI KOHCTPYKIIIH.

[Tix yac TexHonoriuHoi 00poOKK OETOHY y BUpPOOaxX BUHHKAIOTH TEXHOJIOTiYHI TPIIIMHU Ha BCiX
PIBHSIX CTPYKTYPHHX HEOAHOPiMHOCTEH MaTepiaiy, ki, OyAy4du CTPYKTYPHUMH ITapaMeTpaMu OETOHY,
BH3HAYAIOTH MOIIKOKYBaHICTh KOHCTPYKIIiH, a 0TKE — IXHIO eKCIUTyaTaliiiHy HadiiHICTb.

CropsiMoBaHa 3MiHa TEXHOJIOTIYHOI  MOIIKO/PKEHOCTI  TO3BOJISIE  3MIHIOBATH — XapakTep
TPIIIMHOYTBOPEHHS Ta PyHHYBAaHHS CTPYKTYpH. BUKOpHCTaHHS MiHEpaIbHOTO HATIOBHIOBAYA Y TIEBHIH
KIIBKOCTI Ta 3 BU3HAYEHOIO JAWCIIEPCHICTIO JAa€ 3MOTy KepyBaTd Ipoliecamu (OpMYBaHHS CTPYKTYPH
OCTOHY Ta pPEryJIIOBaTH HOro MOYATKOBI 00’ €MHI 3MiHH, a OTXKE — TEXHOJIOTIUHY MOIIKOIKEHICTb, 3
METOI0 OTpUMaHHS OyNiBeTFHIX KOHCTPYKIIiH 13 33JaHUMH BIACTHBOCTSIMHU.

PesynpraTty nociimkeHHs BUSBIIIN BILTUB HATIOBHIOBAUiB HA MIOYATKOBY ITOIIKO/HKEHICTH OETOHY
Ta Ha HOro MpU3MAaTU4Hy MilHICTh. OCKIIBKM TEXHOJOTiYHa MOLIKOPKEHICTh CYTTEBO BIUIMBAE Ha
MIIHICHI ~ BJIACTUBOCTI O€TOHy, 1II¢ JIO3BOJISIE TPH3HAYaTH CKIaau OCTOHY i3 3allaHuMH
XapaKTePUCTHKAMH.

KarouoBi cioBa: 3ami300eTOH, TPINIMHKM, TEXHOJOTIYHA IOIIKOPKEHICTh, TNPU3MaTHYHA
MILHICTG.
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1 INTRODUCTION

The quality and operational reliability of a structure largely depend on the materials from
which it is made. The load-bearing capacity of a structure is determined by the ability of the
material to continue performing its functions under new conditions. Therefore, the task of
obtaining construction materials and equipment with specified quality parameters while
reducing material consumption remains relevant. One of the ways to reduce the material
consumption of structural building materials is the use of fillers.

Fillers are defined as particles of arbitrary shape and surface activity, the size of which
does not allow them to create fields of deformation and stress in the surrounding binder, but
instead causes their participation in the processes of organizing the structure of the elementary
structural elements of the binder.

2 ANALYSIS OF LITERARY DATA AND RESOLVING THE PROBLEM

The properties of a structure are determined both by the individual properties of all its
subsystems (concrete, reinforcement) and by changes in these properties during internal
structural interactions. In turn, the material of the structure (concrete) is itself a subsystem
consisting of characteristic structural inhomogeneities. Therefore, when considering
composite building materials (CBMs), it is advisable to represent them as complex organized
systems arranged according to the principle of “structure within a structure” or “composite
within a composite.” This makes it possible to view CBMs as complex self-organizing
systems with a hierarchical subordination of different levels of structural inhomogeneities and
qualitatively different mechanisms of structure formation.

Operational loads acting on a structure cause deformations and stresses, which the
material perceives and redistributes among its structural elements. The load-bearing capacity
of a structure is determined by the ability of the material to continue performing its functions
under new conditions.

Thus, the structure of a construction can be represented by various models, the type of
which depends on the purpose of the analysis and the study of its behavior under operational
loads. Describing the structure of a construction makes it possible to identify the most
important elements that determine the load-bearing capacity of its individual parts and of the
entire structure within similar systems, to reveal the role of the material in its performance,
and to determine ways for the targeted design of materials for a specific structure.

In composite materials and structures, in the general case, several characteristic types of
damage can be distinguished, differing in their mechanisms of formation [1-2]:

— damage of individual components introduced with them into the material and the
structure (initial);

— damage arising during the technological processing of the initial components into the
material and its incorporation into the structure (technological);

— damage occurring under the action of operational loads on the structural material
(operational).

3 PURPOSE AND TASKS OF THE STADY

Since the composition of concrete affects the structure, strength characteristics, and
deformation properties of reinforced concrete structures operating under external influences,
there is a need for more in-depth study and determination of optimal components in order to
ensure the operational reliability of structures. During the technological processing of
concrete into products, technological cracks arise at all levels of structural inhomogeneities in
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the material. Being structural parameters of concrete, these cracks determine the damage level
of structures and, consequently, their operational reliability. The use of fillers optimized in
type, quantity, and dispersion makes it possible to control technological damage in concrete
and reinforced concrete structures, thereby improving their physical and technical
characteristics.

Operational loads acting on a structure cause deformations and stresses, which the
material perceives and redistributes among its structural elements. The load-bearing capacity
of a structure is determined by the ability of the material to continue performing its functions
under new conditions. The failure of concrete is always associated with the accumulation of
damage in its initial structure at different levels and with the absorption of deformation
energy, followed by its release on the surfaces of newly formed failure cracks [1, 2].

The object of analysis is defects that arise during the technological processing involved
in the production of construction materials and structures. Such defects are classified as
technological, initial, or inherent (hereditary) defects. According to [1, 2], technological
(inherent) defects include pores, capillaries, cracks of various types, etc., which appear during
material and structure formation and are present before the application of operational loads.
Since the mechanical characteristics of composite materials, including construction materials,
are largely determined by cracks, in what follows technological defects are understood as
cracks that arise in the material of building structures during structure formation and exist
prior to the application of external loads. It is assumed that cracks formed in the material
automatically become cracks of the structure, thereby determining its crack resistance,
deformability, and load-bearing capacity. For example, in precast reinforced concrete
elements, the share of technologically induced cracks among all defects reaches about 60%
[1].

Experimental studies have confirmed that operational cracks develop from technological
ones. Since concrete is a material of the “structure within a structure” type, where each larger
block consists of a combination of smaller ones, it can be assumed that volumetric
deformations of each such block may lead to its fragmentation into sub-blocks. In this case,
the crack pattern within a block reproduces the crack pattern at a higher scale level. Such
fragmentation of structural blocks leads to the intensive development of operational cracks.
Since the mechanical characteristics of composite materials are largely determined by cracks,
it is assumed that cracks define the level of damage in the material and, consequently, in the
structure.

A directed change in technological damage makes it possible to alter the nature of crack
formation and structural failure. The use of mineral fillers in specific amounts and with a
certain dispersion allows control over the processes of concrete structure formation and
regulation of its initial volumetric changes, and thus technological damage, in order to obtain
building structures with the required properties.

Mineral fillers, influencing the physical and mechanical properties of cement paste,
determine its material consumption, which depends on the efficiency of using the clinker
component of cement. Fillers are particles of arbitrary shape and surface activity, whose size
does not allow them to create deformation and stress fields in the surrounding viscous
medium but ensures their participation in the processes of structuring a material with specified
properties. Fillers that do not contain chemically active components (low-activity mineral
fillers) do not enter into chemical reactions with other components of the cement binder and
mixing water. However, by influencing the physical and mechanical properties of cement
paste, they determine its material consumption, which depends on how efficiently the clinker
component is utilized. The more fully the potential properties of the most expensive and
energy-intensive component of cement composites are used, the lower the material
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consumption. It has been proven that material consumption can be reduced by 15-21%
through the use of fillers optimized in type and qualitative composition.

4 BASIC RESULTS

To obtain experimental data for the study of bending reinforced concrete elements and
concrete specimens, an experiment consisting of nine tests was conducted. Portland cement
with a specific surface area close to 300 m#/kg, produced by co-grinding clinker and dihydrate
gypsum, was used as the binder. Fine quartz sand with specific surface areas of Sy = 100,
200, and 300 m2/kg, previously ground in a ball mill, was used as the filler. The sand was
added to the binder in amounts of 8, 10, and 12% by mass. The specific surface area and
quantity of the filler, depending on the concrete composition, are presented in Table 1. The
filler was introduced directly into the concrete mix during its preparation.

The concrete composition per 1 m3 was as follows: crushed stone — 1100 kg, sand — 171
kg, water — 140 kg, cement — 350 kg. Experimental studies were carried out on prism
specimens with dimensions of 10 x 10 x 40 cm.

To study the initial (technological) damage of concrete prisms, attention was focused on
the network of surface cracks. For a more accurate assessment of the technological damage of
the specimens, crack manifestation was observed after the specimens had reached an age of
200-220 days, following carbonation—that is, the development of physical and chemical
processes under the influence of atmospheric CO: in the presence of moisture, during which
the concrete surface became covered with a network of fine cracks. Surface cracks were
revealed by immersing the specimens in tannin solutions for 30—-40 minutes and then dried in
the laboratory for two days. Changes in the alkalinity of the concrete around the cracks altered
the color of the tannin, thereby revealing and recording the cracks.

As a result of the studies on the lateral faces of the prisms, the crack lengths (To, cm) and the
following average characteristics were obtained: the coefficient of technological damage by area, and
the coefficients of technological damage in characteristic sections of the prisms (longitudinal and
transverse), which are presented in Table 1.

Table 1

Coefficients of technological damage (K,L, K.,S) and lengths of technological cracks (7v)

determined for the prisms

Longitudinal Transverse Buzinena
section section TIoIIa
Ne How | Y (L, =40 sm) (L, =10sm) (S = 100 sm?)
composition me</kg Kn Kp T X
T,,sm L T,,cM L o s,
sm/cm cm/cm cM cm/cm
1 100 100,3 0,399 27,3 0,367 136 1,36
2 8 200 113 0,354 29,3 0,341 125 1,25
3 300 135,7 0,295 35,3 0,283 78 0,78
4 100 127 0,315 32,2 0,311 88 0,88
5 10 200 120,6 0,332 32,5 0,308 99 0,99
6 300 142 0,282 38,5 0,260 65 0,65
7 100 112 0,357 30,8 0,325 116 1,16
8 12 200 110,3 0,363 31,4 0,318 106 1,06
9 300 129,8 0,308 33,5 0,299 73 0,73

Analyzing the influence of the amount and dispersion of the filler on the technological
damage of concrete prisms, it was found that the maximum value of the technological damage
coefficient of concrete, determined from the transverse section of prism specimens, is
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achieved at a filler content of H = 8% by mass of the binder and a dispersion of
Sy = 100 m2/kg (0.367), while the minimum value is observed at a filler content of H = 10%
and a dispersion of Sy = 300 m#/kg (0.26).

The maximum value of the technological damage coefficient of concrete, determined
from the longitudinal section of prism specimens, is achieved at a filler content of H = 8% by
mass of the binder and a dispersion of Sy = 100 m#/kg (0.399), while the minimum value is
observed at a filler content of H = 10% and a dispersion of Sy = 300 m2/kg (0.282).

The maximum value of the technological damage coefficient of concrete, determined
over the area of prism specimens, is achieved at a filler content of H = 8% by mass of the
binder and a dispersion of Sy = 100 m#kg (1.36), while the minimum value is observed at a
filler content of H = 10% and a dispersion of Sy = 300 m2/kg (0.65).

To assess the influence of technological damage in concrete, nine series of concrete
prisms with different compositions were tested, and the prismatic strength of concrete (R,),
presented in Table 2, was determined. The value of the prismatic strength of concrete,

depending on the quantity and quality of the filler, varies within the range from 27.14 to 34.35
MPa (by 26.6%).

Table 2
Values of prismatic strength
Ne H% | S,w2kg Ro, MPa
composition
1 100 27,14
2 8 200 29,12
3 300 33,58
4 100 31,95
5 10 200 32,07
6 300 34,34
7 100 29,58
8 12 200 31,00
9 300 32,67

The influence of filler content on the prismatic strength of concrete is shown in Fig. 1a.
The maximum change in prismatic strength (17.7%) is achieved when increasing H from 8%
to 10% at Sy = 100 m2/kg. The minimum change in R(b) is observed when varying H from 8%
to 10% at Sy = 300 m#/kg.

The influence of filler dispersion on the prismatic strength of concrete is shown in Fig.
1b.

a) Ry, Mna 0) Ry. MIIa
35 35
30 30 : ;
H, %
25 25 .
Sy . MYKT
4 8 10 12 100 200 300 ="

—e—Sy=100 ——Sy=200 —=—Sy=300 —4—H=8% ——H=10% —#—-H=12%

Fig. 1. Influence on the prismatic strength of concrete of the following factors:
(@) filler content; (b) filler dispersion
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The maximum value of the prismatic strength of concrete is observed at a filler content of
H = 10% by mass of the binder and a dispersion of Sy = 300 m#kg (34.35 MPa), while the
minimum value of R, is recorded at a filler content of H = 8% and a dispersion of
Sy = 100 m#/kg (27.14 MPa).

Analyzing the values of prismatic strength (Table 1) and the coefficients of technological
damage of prism specimens (Table 2), it can be noted that the minimum strength value of
27.14 MPa (H = 8%; Sy = 100 m#kg) corresponds to the maximum value of the coefficient
K,S = 1.36 cm/cm? over the selected area. Similarly, for K,L along both directions, the values
are 0.399 in the transverse section and 0.367 in the longitudinal section.

Conversely, the maximum strength value of 34.34 MPa (H = 10%; Sy = 300 m#kg)
corresponds to the minimum value of the coefficient K,.S = 0.65 cm/cm? The values of K,L
for both considered directions are also minimal (0.282 and 0.260, respectively) in the same
sections of the prisms. This relationship is clearly illustrated in Figs. 2 and 3.

0) Ry, Mlla
35

-

33 .
\

31 T

29 \\‘“

27 \ Ens, ca/en?
0,60 0.80 1.00 1.20 1.40

Fig. 2. Influence of technological damage, determined over the selected area of prism specimens, on
prismatic strength
The influence of technological damage on the prismatic strength of concrete has been
established. For R, , the minimum value of 27.14 MPa (H = 8%; Sy = 100 m?/kg) corresponds

to the maximum value of the coefficient K, ,S=1.36sm/sm” over the selected area.
Conversely, the maximum value of 34.34 MPa (H = 10%; Sy = 300 m?/kg) corresponds to the
minimum value of the coefficient K,S =0,65sm/sm?.

Figure 4a presents the relationship between the prismatic strength of concrete and
technological damage determined from the transverse section of the prism and expressed
through the technological damage coefficient K L in the form

R, = —22535K, L2 + 69.24 K L + 31.833.

As can be seen from the graph, with an increase in KL, the strength decreases from 34.7 to
27.05 MPa (by 28.28%). The largest deviation from the graph (1.49%) is observed at a filler
content of H = 12% and a dispersion of Sy = 100 m#/kg; the smallest deviation (0.06%) is
observed in other cases. In general, the deviations range from 1.6% to 0.08%.

Figure 3b shows the relationship between the prismatic strength of concrete and
technological damage determined from the longitudinal section of the prism and expressed
through the technological damage coefficient K,L in the form

R, = —57.727 K, L2 — 19.449 K L + 44.274.

As follows from the graph, with an increase in K,L, the strength decreases from 34.25 to
27.39 MPa (by 25.05%). The maximum deviation from the graph (2.89%) is observed at a
filler content of H = 12% and a dispersion of Sy = 200 m#/kg; the minimum deviation (0.05%)
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is observed at H = 10% and H = 12% with Sy = 300 m2/kg. In other cases, the deviations
range from 0.12% to 1.39%.
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Fig. 3. Influence of technological damage on prismatic strength, determined from: (a) the transverse section of
prism specimens; (b) the longitudinal section of prism specimens.

5 DISCUSSION OF THE RESULTS OF THE STUDY

The study confirmed that the composition of concrete significantly affects its structure,
strength, and deformation properties of reinforced concrete structures. During the
technological processing of concrete into products, technological cracks form at all levels of
structural heterogeneity, determining the initial damage of the material and, consequently, the
operational reliability of the structures. Experimental data showed that most service cracks
develop from technological ones, highlighting the role of initial defects in the behavior of
structures under load.

The analysis indicated that technological cracks forming in the concrete before the
application of service loads automatically become structural defects of the construction,
influencing its crack resistance, deformability, and load-bearing capacity. In precast
reinforced concrete elements, the proportion of technological cracks reaches approximately
60% of the total defects. Due to the “structure-in-structure” nature of concrete, volumetric
deformations of large blocks can lead to their fragmentation into sub-blocks, reproducing the
crack pattern at a larger scale and contributing to the intensive development of service cracks.

The use of mineral fillers with optimal type, quantity, and dispersion allows control over
the concrete structure formation, regulation of its initial volumetric changes, and
technological damage, thereby enhancing the physical and mechanical properties of concrete
and reinforced concrete structures. Mineral fillers, affecting the properties of the cement
stone, determine the material consumption of the concrete mix, which depends on the
efficiency of clinker utilization. Experimental results confirmed the possibility of reducing
material consumption by 15-21% through the optimal selection of fillers by type and
dispersion, simultaneously improving the operational reliability of structures.

Thus, the results emphasize the critical role of technological cracks in determining the
strength and durability of concrete structures and demonstrate the effectiveness of using
optimized fillers to control technological damage.

6 CONCLUSIONS

The conducted studies allow us to conclude that as the damage of concrete increases, its
strength decreases, whereas a reduction in damage leads to an increase in strength. The
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mechanical characteristics of composite materials are largely determined by cracks; therefore,
cracks define the damage of the material and, consequently, of the structure.

Such an influence of fillers on the initial damage allows for the design of concrete mixes
with specified properties and highlights the need for further research, particularly regarding
the deformation properties of concrete.
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