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Abstract:

Introduction/purpose: Concrete, mortar, and cement pastes are materials
that have become central in various fields of construction, structures, and
civil engineering. About 7 billion cubic meters of concrete are implemented.
Concrete is generally considered a homogeneous material, but that is not
always the case given its rheological behavior, which can be due to
heterogeneous phenomena of segregation and bleeding.

Methods: The study tested a concrete column's physical and mechanical
characteristics and deformation in elevation. The tests included measuring
absolute and apparent density, porosity, capillary absorption, permeability,
speed of propagation, compressive strength, and static and dynamic
modulus of elasticity. For this purpose, the standards of non-destructive
testing (sclerometer, ultrasound, etc.) were used to take the average of a
series of points located at different levels of the element to be tested.

Results: The results indicate that changes in the column's height affect its
physical and mechanical properties, either increasing or decreasing them
(such as porosity, absorbency, permeability, compressive strength, and the
static and dynamic modulus of elasticity). These changes are influenced by
various factors, including the inherent properties of the concrete
implementation (such as vibration and curing) and the climate conditions
during construction.
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Conclusion: The findings of this study emphasize the importance of a
nuanced approach to testing and evaluating variations in concrete
properties by taking into account the multifaceted impact of changes in
column height.

Key words: concrete, porosity, compressive strength, modulus of
elasticity, permeability, elevation.

Introduction

Concrete is a composite material, made up of cement, aggregates
(gravel and sand), water and possibly additions. Due to its heterogeneity,
concrete turns out to be a particularly complex and evolving material: it
undergoes profound physicochemical transformations not only when it is
subjected to a rise in temperature, but even from the moments following
its preparation (especially the hydration reaction and the setting
phenomenon). It is therefore essential to fully understand all the
parameters that play a role in concrete, in order to be able to understand
its behavior.

Ever since its inception, concrete has been the primary material used
in building structures across various fields of civil engineering. It has been
essential in constructing everything from industrial buildings like factories
and warehouses to hydraulic projects such as dams and dikes. It is also
integral in vital infrastructures like bridges, tunnels, and urban amenities
like aqueducts. Concrete's favor is due to its economy, ease of use,
strength against compression, durability, insulation properties for sound
and heat, and its ability to enhance architecture with different shapes,
textures, and colors (Mani et al, 2021).

However, as construction materials become more diverse, comparing
their qualities and performance against the multiple criteria for construction
or renovation has become increasingly difficult. Meeting the structural,
economic, and environmental requirements has become complex due to
a wide range of available composite products (El Mabchour et al, 2020).

The durability of structures is significantly influenced by their
environment. It is crucial to enhance the strength of concrete when
exposed to external factors such as harsh weather, aggressive soils, and
chemically reactive atmospheres.This factor has become increasingly
significant, posing a challenge to concrete structures. Among various
indicators, permeability stands out as the key factor influencing the long-
term effectiveness of reinforced concrete structures ( Shi et al, 2012; Teng
et al, 2014). The microstructural characteristics, encompassing aspects
like the size, distribution, and interconnection of micro-cracks and pores,

306




play a critical role in determining concrete's permeability (Zhang & Li,
2011).

Nowadays, cementitious materials such as concrete, mortars or
cement pastes are materials that have become essential in various fields
of construction, engineering structures and civil engineering. Concrete
artificial stones are composed mainly of cement and aggregates.

The behavior of concrete depends on the properties of each
constituent in its composition. Its properties are determined by methods
frequently used in laboratories.

Concrete is generally considered to be a homogeneous material, but
this is not always the case given its rheological behavior which can make
it heterogeneous due to segregation and bleeding phenomena. Indeed, in
a concrete column such as a post, the density can change from one level
to another. By this principle, we tried in our study to evaluate the physical
and mechanical characteristics of a concrete column in elevation. K.C.
Nehar & D. Benamara (2021) investigated and predicted the mechanical
performance of high-strength concrete formulated with recycled
aggregates.

The examination of the progression of concrete's physical and
mechanical properties with regards to height has been the subject of
numerous scholarly articles. Zhang et al (2021) conducted a study on the
impact of the proportion of reinforced concrete layer height to total height
on the mechanical properties of functionally graded concrete (FGC) that
incorporated fly ash and polypropylene fiber. Their findings revealed that
FGC specimens created with an h/H ratio of 0.50 displayed superior
flexural strength, flexural toughness, and compressive strength. Zhang et
al (2022) explored the mechanical behavior of concrete under tension at
varying levels of water saturation and temperatures. They observed that
tension strength and elasticity modulus declined when saturation fell within
the range of 35% to 65%, but subsequently increased for higher
saturations. Kallel et al (2018) investigated the development of the
temperature field, thermal conductivity, specific heat capacity,
compressive strength, tensile strength, and elastic modulus in shaft lining
concrete as it aged and the thickness of the lining increased. They
discovered that compressive strength, tensile strength, and elastic
modulus experienced significant growth as the concrete aged.

Aggregates make up the largest portion of concrete, accounting for
60-80% of its volume. It is crucial that these aggregates be appropriately
graded to ensure the entire concrete mass acts as a solid, uniform,
compact mixture, with smaller particles filling the gaps between larger
ones. However, concrete, as a structural material, is not completely solid.
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Apart from air porosity, it develops micro-cracks even before being
subjected to load. These factors significantly influence the properties of
concrete. M. Stowik (2021) shared findings from their numerical
simulations, offering a deeper understanding of how the composition
affects the fracture characteristics of concrete.

The standard procedure for determining the primary concrete attribute
— compressive strength — is well established (Institute for Standardization
of Serbia, 2019).

Materials and methods

Materials and preparation of specimens

Concrete specimens were produced using the G. DREUX method for
a desired strength of 25 MPa and a slump of 7 cm. The Portland cement
used in this study was CEM II/A 32,5 provided by Zahana Cement Plant
(Mascara, Algeria) with a 28-day compressive strength of 33 MPa. Blaine
fineness of cement is 3100 cm?/g and its specific gravity is 3.1.

The granular skeleton was composed of fine aggregates (sand 0/4),
which generally contain quartz, and coarse aggregates (3/8 gravel), mainly
composed of silica and quartz.

Table 1 shows the compositions of the concretes used, for water to
cement ratio (W/C) equal to 0.58. Once the concrete was mixed, it was
poured into a polyvinyl chloride (PVC) cylinder with a diameter of 40 mm
and a height of 750 mm. Compaction is carried out using a vibrating table
for 15 seconds.

Table 1 — Formulation of ordinary concrete (Kg/m3)

Component Sand 0/4 Gravel 3/8 Cement Water
Quantity (kg) 616 1143 350 202

The PVC tubes containing the samples were covered with plastic film
to avoid any water exchange with the external environment and stored in
the laboratory environment for 28 days.

Each PVC tube allows us to make up to 7 test pieces (@ =40; H=75
mm) by sawing in a concrete saw as shown in the diagram in Figure 1.

308




Po mcrets
the PVC column.
A
5
—
4
Concrete saw —
750 mm = 3
@ =40 mm b O A +
—
2
—
1
v

Figure 1 — Sawing of a concrete column

Test procedure

Apparent density (once called volume weight) is defined as the mass
“‘M” per unit volume of the material “V”, including pores and water
(apparent volume). Therefore, it is measured in kilograms per cubic meter
(g/cm3 or kg/m3). This can be represented by the equation:

M
Papp = v (1)

The absolute density and the porosity accessible to water was
determined in accordance with the recommendations of the AFREM group
(RILEM TC 49-TFR, 1984) which predicts the saturation of samples in the
single-phase mode (under vacuum). The tests were carried out on
cylindrical samples 40 mm in diameter and 80 mm. The samples were then
placed under a vacuum bell for 24 hours. Afterwards, they were immersed
in water, and then kept under vacuum for 48 hours. It is worth indicating
that the sample volume was determined by weighing it in air and then in
water using a hydrostatic weighing device. Figure 2 illustrates the
experimental setup.

Then, in order to obtain the dry mass, the samples were dried at
105 °C until a constant mass was reached. The absolute density and the
porosity accessible to water could then be calculated using the following
formulae (2) and (3):

Mair
Pads = 57— P (2)
ads Mgair—Mwater water
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Mair=Mary 109 3)

Mgir—Mwater

Where Mair is the mass of the sample saturated in air, Mwater is the
mass of the sample saturated in water, Mdry is the mass of the sample at

the end of drying, and pwater in the water density at 20 °C.

Figure 2 — Porosity tests: (a) vacuum saturation (b) weighed in air (c) hydrostatic
weighing

The capillary water absorption test was performed according to ASTM
C1585 (ASTM, 2020). Its principle consisted of placing one end of the
sample on a support so that the liquid level was constant 1 to 3 mm higher
than the bottom of the sample and then measuring the weight gain values
of the sample at well-defined time intervals.

In this experiment, before a concrete sample is exposed to water, the
sample must be dried in an oven at 105°C to a constant weight. The side
faces were waterproofed by molten paraffin wax beforehand (Attolou et
al,1989), which forced water to adopt a uniaxial path and prevent the
evaporation of water from these faces. Figure 3 illustrates the
experimental setup.

The water absorption per unit area of cement-based materials tended
to be linearly proportional to the square root of time. This law is also known
as the square root law:

o sVE @
where dm is the quantity of water absorbed in grams at time t, t is the
elapsed time in seconds, A is the bottom surface of the sample in cm?, and
S is the capillary water absorption coefficient.
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The amount of water absorbed per unit area after one hour was used
as a quantity that represents the volume of the largest capillaries present
in the skin area (Hall,1989).

Figure 3 — Capillary water absorption tests

The Ultrasonic Pulse Velocity of concrete cylinders by direct
transmission was evaluated using the standard test method (ASTM, 2016).
The equipment used was the portable ultrasonic non-destructive digital
indicating tester (PUNDIT), shown in Figure 4. In this method, an ultrasonic
pulse is generated by a pulse generator and transmitted to the surface of
concrete through the transmitter transducer. The time taken by the pulse
to travel through the concrete, t (us), is measured by the receiver
transducer on the opposite side. To ensure good contact, a thin couplant
(solid Vaseline) was used on the interface between transducers and
concrete.

The Ultrasonic Pulse Velocity can be determined with equation (5):

y==
t

()

where V is the ultrasonic pulse velocity (m/s), L is the path length in
concrete (mm), and t is the transit time (pus).

The dynamic modulus is linked to the density of the concrete, its
Poison’s ratio, and pulse velocity according to the following relationship:

_ (@+v)>@a-2v) .

Eq oy P v? (6)

where V is the ultrasonic pulse velocity (m/s), p is the density of concerete
in (Kg/m?), and v poison’s ratio of concrete.

311

Sadoun, M. et al, Variations of physical and mechanical properties of concrete with the height, pp.305-329



t VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 1

This velocity is then used to calculate the compressive strength of the
concrete using the following formula:

fcj = 0.08177 - e(0.00147-V) (7)

Figure 4 — Ultrasonic Pulse Velocity tests

The test for compressive strength of cylindrical specimens was
performed according to ASTM C39 (ASTM, 2010) using a 1500 kN
compression test machine (ELE International). The loading rate was set to
0.2 MPals.

Moreover, the instantaneous elastic modulus can be calculated as a
function of its compressive strength based on the following empirical
model:

E. = 11000%/f; (8)

where f; is compressive strength (MPa).

The dynamic elastic modulus is generally 20%, 30%, and 40% higher
than the static elastic modulus for high, medium, and low-strength
concrete, respectively (Mehta & Monteiro, 2014). There are several
empirical equations that relate Ed and Ec. Lydon and Balendran (1986)
proposed the following empirical relationship between Ed and Ec:

E. = 0.83E, 9)
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Figure 5 — Compressive strength test tests

Table 2 and Figure 6 present the variation of the apparent and
absolute density of the concrete column according to the cutting heights.
Each value shown in this graph corresponds to the average of the results
obtained on three test specimens. It can be seen that the density, whether
apparent or absolute, decreases as the level of the test piece increases.
Certainly, this drop in concrete density is attributed to the presence of
greater porosity in the specimen. These results are explained by the fact
that certain grains, especially denser ones, descend downwards while fine
grains remain at the top (due to gravity).

Table 2 — Variation of the apparent and absolute density of the different levels of the
concrete column

Level of the specimen in relation | pass [g/cm?] | papp [g/cm?]
to the height (cm)

4 2.259 1.737

12 2.258 1.725

20 2.249 1.705

28 2.233 1.70

36 2.207 1.70

44 2.213 1.7

52 2.205 1.66
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Figure 6 — Variation of the absolute and apparent density of the different levels of the
concrete column

Table 3 and Figure 7 illustrate the variation in porosity as a function
of the cutting height of the concrete column.

Table 3 — Values of the porosity accessible to water at the different levels of the concrete

column

Level of the specimen in relation | € [%]
to the height (cm)

4 15.11
12 15.5

20 16.7

28 16.9

36 17.4

44 17.5

52 17.7

314




Porosity (%)

18.0
17.5 A (]
17.0 A
16.5
16.0
Y =15,12839+0,05567 X ,R*=0,90495

15.5 ]

15.0

T T T T T
0 10 20 30 40 50

Heights (cm)

60

Figure 7— Variation in the porosity accessible to water at the different levels of the

concrete column

It can be seen from the curve of evolution of the porosity accessible
to water as a function of the cutting height of the concrete column shown
in Figure 7 that the porosity evolves in an inverse manner to the density
(the porosity increases according to the cutting height). This is explained
by the decrease in density which inversely influences the volumes of

pores.

The results obtained from the variation (dm/A) according to the square
root of time and the different levels of the cut concrete column are shown

in Table 4 .
Table 4 — Variation of dm / A according to the time of the different levels of the concrete
column

PH | 30sec | 1mn 5mn 15mn | 30 mn 1h 2h 4h 7h 24h 72h
4 0.0238 | 0.074 | 0.1058 | 0.14 | 0.158 | 0.1776 | 0.1856 | 0.22 0.2673 | 0.387 | 0.517
12 | 0.0344 | 0.087 | 0.1083 | 0.151 | 0.171 | 0.1946 | 0.1933 | 0.2546 | 0.2673 | 0.4346 | 0.599
20 | 0.0344 | 0.093 | 0.1163 | 0.153 | 0.181 | 0.215 | 0.1963 | 0.2586 | 0.303 | 0.4426 | 0.605
28 | 0.0344 | 0.103 | 0.124 | 0.164 | 0.1883 | 0.23 0.206 | 0.2586 | 0.308 | 0.4773 | 0.651
36 | 0.0391 | 0.104 | 0.1298 | 0.164 | 0.1986 | 0.231 | 0212 | 0276 | 0.321 | 0.4773 | 0.666
44 | 0045 | 0105 | 0159 | 0.193 | 0.22 0.235 | 0.2246 | 0.2953 | 0.348 | 052 0.689
52 | 0.0635 | 0.156 | 0.1856 | 0.243 | 0.2523 | 0.282 | 0.2913 | 0.338 | 0.3873 | 0.518 | 0.689
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Figure 8 — Absorption kinetics S for the different levels of the concrete column

Table 5 — Measuring values of the absorptivity S of the different levels of the concrete
column for t = 1 hour

Level of the specimen in S(Kg/m?2.5%9%)
relation to the height (cm)

4 2.960

12 3.243

20 3.583

28 3.833

36 3.850

44 3.917

52 4.700
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Figure 9 — Variation of absorptivity (S) as a function of the cutting heights of the concrete
column for t = 1 hour

Figure 8 shows the absorption kinetics (the variations in the amount
of water absorbed per unit area as a function of the square root of time)
for different samples taken at different levels of the concrete column.
According to Balayssac et al (1993), the water absorption curves make it
possible to classify materials in accordance with the average size of the
largest capillaries.

The curves in Figure 8, located between 0 and 1 hour, are curvilinear
and they reflect the filling of the largest pores. And in the second part of
the curves, more linear in appearance, they represent the filling of the
finest capillaries. Table 5 and Figure 9 show the change in absorptivity
according to the cutting height of the concrete column measured at time =
1 hour. It can be seen that the more the height of the cutting level
increases, the more the absorption coefficient increases.

The results of determining the permeability and radius of the capillary

pores of the different levels of the concrete column are shown in Table 6
and Figures 10 and 11.
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Table 6 — Values of permeability and radius of capillary pores of different levels of the

concrete column

Level of the specimen in V (cm 3) e [%] rx 10 (m) K x 104 (m?)
relation to the height (cm)
4 0.0022 15,11 1.3760 3.58
12 0.0024 15,5 1.4372 4.00
20 0.0027 16,7 1.5244 4.85
28 0.0029 16,9 1.5798 5.27
36 0.0029 17,4 1.5798 5.43
44 0.0030 17,5 1.6069 5.65
52 0.0035 17,1 1.7356 6.44
1.9 1
1.8 1
1.7 4
E
o 164
A P
9 "
x /.///
T 154 e
1.4 ////
.
1.3 1
12 T 1 T L I
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Figure 10 — Variation of the radius of the capillary pores in relation to the different levels

of the concrete column
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Figure 11 — Variation of the water permeability of the different levels of the concrete

column

Calculating the radius of the capillary by the Washburn equation
allows the water permeability of concrete to be determined as a function
of height. It is observed that the more the level increases, the more the
permeability increases. This property depends mainly on the capillary
porosity as well as the size and interconnection of the capillary pores. In
general, permeability increases with increasing porosity (Ollivier &
Torrenti, 2008). The results already observed on the evolution of porosity

justified this behavior.

The results of the propagation speed V, the compressive strength RC
and the dynamic modulus of elasticity Ed of the different levels of the
concrete column are shown in Table 7 and Figures 12, 13 and 14.

Table 7 — Values of the propagation speed V, the compressive strength Rc and the
dynamic modulus of elasticity Eq of the different levels of the concrete column

Level of the specimen in .10 (sec) | V (m/sec) Rc Edq (GPa)
relation to the height (cm)

4 20.2 3960.39 27.6 31.89

12 20.53 3896.73 25.13 | 30.86

20 20.6 3883.49 24.65 | 30.73

28 20.83 3840.61 23.14 | 29.64

36 20.83 3840.61 23.14 | 29.30
44 20.93 3822.26 22.53 29.10

52 21.33 3750.58 20.27 27.92
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Figure 12 — Variation of the propagation speed of the different levels of the concrete

Compressive strenath RC (Mpa)

column

N Y =27,3675-0,12812 X

S R?=0,92294

10

T T T T T T T T 1
20 30 40 50 60

Heights (cm)

Figure 13 — Variation of the compressive strength RC of the different levels of the

concrete column
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Figure 14 — Variation of the dynamic modulus of elasticity Ed of the different levels of the
concrete column
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Figure 15 — Variation of the compressive strength of the different levels of the concrete
column
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Figure 12 shows a decrease in the propagation speed of the sonic
wave as a function of the increase in the cutting height of the concrete
column, and this is mainly due to the increase in porosity in the concrete
confirmed by several authors. The wave propagation speed decreases
when the porosity increases (Lafhaj et al, 2006).

The results of the RC specimen crush test are shown in Table 7 and
Figure 15.

The values of the static modulus of elasticity Ec and dynamic Ed of
the different levels of the concrete column are presented in Table 8 and
Figure 16.

Table 8 — Values of the compressive strength RC, the static modulus of elasticity Ec and
dynamic Ed of the different levels of the concrete column

Level of the specimen in Rcz2s (MPa) Ec (GPa) Ed (GPa)
relation to the height (cm)

6 29.92 34.15 41.14

18 27.81 33.32 40.14
30 27.08 33.03 39.80
42 24.99 32.16 38.75
54 24.31 31.86 38.39

66 225 31.05 37.41

78 19.9 29.08 35.04

It can be seen from Figures 15 and 16 that the compressive strength
and the elastic moduli decrease with the cutting height of the concrete
column and this is due to the increase in porosity and the decrease in
density.

These variations in compressive strength and modulus of elasticity
can reach 20 to 35%, which is in good agreement with the results in the
literature (Giaccio & Giovambattista,1986). It is good, the PT which is at
the origin of this phenomenon according to some researchers (Galan,
1981; Lafhaj et al, 2006).
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Figure 16 — Variation of the dynamic modulus of elasticity Ed and the static modulus of
elasticity Ec of the different levels of the concrete column

Conclusion

The experimental study on the variation of the physical and
mechanical characteristics of concrete in a vertical column was carried out
using numerous tests.

The different results drawn on the effect of height are summarized as
follows:

- A decrease of apparent and absolute density and the speed of
sound, and

- An augmentation of porosity, absorbency, permeability,
compressive strength and the static and dynamic modulus of elasticity.

All the results show that the variation of the height of the column
modifies the physical and mechanical properties either by an increase or
a decrease. For this, it is recommended by the standards of non-
destructive testing (sclerometer, ultrasound, etc.) to take the average of a
series of points located in different levels of the element to be tested.
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These variations have consequences for several parameters such as
the intrinsic properties of concrete, the implementation (vibration, curing,
etc.) and the climatic conditions of the implementation.
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Variaciones de las propiedades fisicas y mecanicas del hormigén con
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Resumen:

Introduccion/propésito: Las pastas de hormigdn, mortero y cemento son
materiales que se han vuelto centrales en diversos campos de la
construccion, estructuras e ingenieria civil. Se utilizan aproximadamente 7
mil millones de metros cubicos de hormigén. El hormigén generalmente se
considera un material homogéneo, pero no siempre es asi dado su
comportamiento reolégico, que puede deberse a fenémenos heterogéneos
de segregacién y exudacion.

Métodos: El estudio probd las caracteristicas fisicas y mecénicas de una
columna de concreto y la deformacion en elevaciéon. Las pruebas
incluyeron la medicion de densidad absoluta y aparente, porosidad,
absorcion capilar, permeabilidad, velocidad de propagacion, resistencia a
la compresion y médulo de elasticidad estatico y dinamico. Para ello se
utilizaron los estandares de ensayos no destructivos (esclerémetro,
ultrasonidos, etc.) para tomar el promedio de una serie de puntos ubicados
a diferentes niveles del elemento a ser probado.

Resultados: Los resultados indican que los cambios en la altura de la
columna afectan sus propiedades fisicas y mecanicas, ya sea
incrementandolas o disminuyéndolas (como la porosidad, la absorbencia,
la permeabilidad, la resistencia a la compresion y el médulo de elasticidad
estéatico y dinamico). Estos cambios estan influenciados por varios factores,
incluidas las propiedades inherentes de la implementacion del concreto

326




(como la vibracion y el curado) y las condiciones climaticas durante la
construccion.

Conclusién: Los hallazgos de este estudio enfatizan la importancia de un
enfoque matizado para probar y evaluar las variaciones en las propiedades
del concreto teniendo en cuenta el impacto multifacético de los cambios en
la altura de las columnas.

Palabras claves:. hormigon, porosidad, resistencia a la compresion,
maddulo de elasticidad, permeabilidad, elevacion.

N3meHeHus pr3nKo-MexaHN4YeCKMX CBOMCTB GETOHA C y4ETOM BbICOTbI

Moxammed CadyH?0, koppecnoHaeHT, Llleiix 3empu?,

Xaned BeHmaxdu®®, Hacp Paxarn?

@ YuuepcuteT Tywu Myctadbl CTambynu, CTpouTenbHbin dakynbTeT,
Kadbeapa rpaxaaHCKoro CTpoMTenbLCTBa,
r. Mackapa, Amxupckas HapogHas [JeMmokpatudeckas Pecnybnuka

6 NaBopaTopust UccrenoBaHWii CTPYKTYP U MEXaHWKN MaTepuarnos

PYBPUKA TPHTW: 67.09.33 BeToHbl. XKene3o6eToH. CTpouTenbHble
pacTBOpbI, CMECU, COCTaBbI
BWO CTATbW: opurmHanbHasa HayyYHas ctaTbs

Pe3stome:

BeedeHue/uyenb: Takue mamepuarnbl, Kak 6emoH, cmpoumeribHbie
pacmeopsbl U UeMeHMHbIe racmbl SI8/ISIH0MCS enagHbIMU Mamepuanamu 8
pasnuyHbIX obracmsix cmpoumeribcmea, KOHCIMPYKUUSIX U CmpyKmypax.
Exe200H0 ucrionb3yemcsi 0koro cemu  musnnuapdos  Kybomempos
bemoHa. bemoH cyumaemcsi 0OHOPOOHbLIM MamepuasrioMm, HO 3MO He
8cee0a mak, y4umbleasi e20 peosioauyeckue ceolicmea U3-3a 803MOXHbBIX
2emepoaeHHbIX sierneHull ceapeaauuu U rMpomeyKu.

Memodbi: B xole uccriedogaHusi Obiriu MposepeHbl husuyeckue u
MexaHUYecKue xapakmepucmuku 6emoHHOU KOTOHHbI U ee deghopmauusi
1o ebicome. VicribimaHusi 8krtoqanu usmepeHue abcormomHod u yoeribHou
(kaxxywelics mIomHocmu), rMopucmocmu, KarnurnispHO20 M02/10WEeHUS,
MpoHUYaeMocmu, CKopoCmu pacnpocmpaHeHus, MPOYHOCMU Ha cxxamue,
a makxe cmamuyeckoeo U OuHamuyeckoz2o MoOdynsi yrnpyaocmu. bbinu
ucronb3o8aHbl cmaHOapmHble Hepaspywaroujue Memoobl KOHMPOJs
(cknepomemp, yribmpassyk u m.0.) 0r1s1 orpedesieHUs1 CPeOHe20 3HavYeHUs
psida MOYeK, pPacriofioXeHHbIX Ha pPa3HbIX YPOBHSIX UCHbIMYEMO20
anemeHma.

Pesynbmamsl: Pe3ynbmambl 1oKasbiearom, 4Ymo U3MEeHEHUS! 8bICOMbI
KOMOHHbI BMUSIIOM Ha ee (bu3udYeckue U MexaHu4Yeckue ceolicmea,
ysenuy4ueasi, Tubo yMeHbWasi UX (makKue, Kak rnopucmocma, NMoaouieHuUe,
MPOHUYaeMocmb, MPOYHOCMb Ha Cxamue, a makxe cmamu4veckull u
OuHamuyeckuli modynb  ynpyeocmu). Ha amu u3smeHeHusi enusitom
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pasnuyHble ¢hakmopbl, eKrroYas npucywue 6emoHy ceolicmea, makue
Kak subpuposaHue u omeepxx0eHue, a makxe npupoOHO-KIUMamu4yecKue
yCr108Us1 80 8PEMS CIMPOUMEILCIMEA.

Bbigodbl:  Pesynbmambel  0aHHO20 uccriedogaHusi  rod4Yepkusarom
B8aXXHOCMb MuwjamesibHo20 Modxoda K UCrbimaHUsIM U OUEHKe USMEHEeHUU
ceolicme 6emoHa ¢ y4emoM MHO202paHHO20 8030elicmaeusi U3MEeHeHUl
8bICOMbI KOJTOHHbI.

Knouesble crnioga: 6emoH, rnopucmocms, rMpPoO4YHOCMb Ha cxXamue,
Modynb ynpyeocmu, ripoHuyaemocmeo, nepenad 8bIcom.

Bapwujaumja ouranykmx n MexaHn4knx ocobmHa 6eToHa no BUCUHM

Moxamed CadyH?°, ayTop 3a npenucky, Lllejx 3emMpu?,
Xaned bermaxdu®®, Hacp Paxarr?
a8 YuueepauteT Myctaca Ctambonu, MpaheBuHcku chakynTteT,
Opcek 3a rpaheBuHapCTBO,
Mackapa, HapoagHa [JemokpaTcka Penybnuvka Amxup

5 NlaGopaTopwja 3a NpoyyaBake KOHCTPYyKLMja 1 MexaHuke maTtepujana

OBNACT: maTepujanu, rpafjeBnHapcTeo
KATEFOPWJA (TUIM) YITAHKA: opurinHanHu Hay4YHu pag

Caxemak:

Yeod/uurb: Mamepujanu kao wmo cy 6emoH, manmep U UeMeHmHe
racme riocmarnu cy Kiby4YHU y pasnudumum obracmuma KOHCmpyKyuja,
cmpykmypa u epahiesuHapcmsa. Y ceemy ce 200ulliH-e KOPUCMU OKO
cedam munujapdu KybHux memapa 6emora. Obu4yHO ce cmampa 0Oa je
bemoH xoMoeeHU Memepujars, anu, ¢ 063UpoM Ha H-e208a PeosiowKa
ceojcmea ycried moayhux xemepozeHux rojasa cespezayuje U Uypera,
mo Huje ysek criydaj

Memode: UcnumueaHe cy busuuke U MexaHUYKe Kapakmepucmuke
bemoHckoe cmyba, Kkao u e2oea deghopmaluja rno sucuHU. icnumuearba
cy obyxeamursia MepeH-e arcoslymHe U rMpusuoHe 2ycmuHe, Mopo3HOCMuU,
KanumapHe aricopnyuje, nporycmsbusocmu, 6p3uHe npornazayuje,
KOMrpecusHe cHazge, Kao U cmamuykoe U OuHamu4ykoe Mmodysa
enacmuy4yHocmu. KopuwheHe cy cmarHOapOHe memode ucriumuearba be3
pasaparba (Ckriepomemap, ynmpaseyk, umd.) Ha cepuju madaka
JioyupaHux Ha pasnuyumumM HUgouUMa UcrumueaHux enpysema.

Pesynmamu: [loka3zaHo je Oa rnpomeHe y 6UCUHU cmyba ymudy Ha
gusuyKa U MexaHu4ka ceojcmea bemoHa, mako wmo ux riojadasajy unu
cMamyjy (kao, Ha npumep, Ha [OPO3HOCM,  arcoprmueHocm,
MpOoMycmMrbUSOCM, KOMIAPECUBHY CHa2y U Cmamuyku u OUHaMuyku Mooy
enacmuyHocmu). Ose  MpoOMeHe  y30pKo8aHe Cy  pasfiuyumum
gakmopuma, riorym ceojcmasa bemora npunukoM He2oeoe cripassbarba
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(HAp. eubpauuja u ympexaearba) U KIUMamCKUX ycrioga MOKOM
KOHCcmpyKuuje.

Bakrbyyak: Pesynmamu oeoe pada Haznaulaeajy 3Hadqaj UsHUjaHcUpaHoe
npucmyna ucriumuesarby U rMpoUeHU sapujayuja ceojcmasa bemoHa mume
wmo y3umajy y 063up suwiecmpyKku ymuuaj npomMeHa sucuHe cmyba.

Krbque peyu: 6emoH, Mopo3HOCM, KOMrpecusHa CHaza, MOOyJ'I
eslacmu4Hocmu, nepmea6unHocm, eneeauuja.
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