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TAPERED-PRISMATIC PILE: DRIVING ENERGY CONSUMPTION
AND BEARING CAPACITY

Abstract. The laboratory tests of models of driven pyramidal-prismatic and prismatic piles for pressing
vertical loads are presented. Laboratory tests were carried out on reduced piles models (M 1:10) with different
lengths and cross-sections of the pyramidal segment. It was found that with an increase in the length of the
pyramidal segment of pile models, the energy costs for driving them increase by 7.12-27.26%, the bearing
capacity of the pile models increases by 28.36-55.38%. It was revealed at the same driving depth and the
same settlements, the bearing capacity of the models of pyramidal-prismatic piles is 1.5-4.01 times higher
than the model of a prismatic pile with a cross-section of 20 X 20 mm, and compared to the model of a
prismatic pile with a cross-section 30 x 30 mm can be either 1.23-1.92 times more or 8-35% less, depending
on the length and size of the cross-section of the pyramidal segment of the experimental pile models. A
correlation dependence has been obtained, making it possible to predict the bearing capacity of pyramidal-
prismatic piles with known values of traditional prismatic piles’ bearing capacity. The revealed features of the
behavior of pyramids-long-distance-prismatic piles allow to reasonably assign the length and dimensions of
the cross-section of their pyramidal segment.

Key words: Small-scale modeling, Sand, Pile foundation, Tapered pile, Pile driving, Bearing capacity,
Settlement.

Introduction. Piles of various longitudinal shapes are widely used, including tapered piles, conical piles,
and piles with broadening (widening) of the shaft.

When driving traditional prismatic piles in the soil layer’s upper zone at a depth of 1.0-1.5 m, there is
asignificant loosening of the soil around the lateral surface of the pile. Decompaction of the soil occurs due to
the impact on the soil by horizontal vibrations on the top of the pile from hammer blows. Within the specified
depth between the surface of the pile and the soil layer (in the contact zone), cracks are formed up to 2-3 cm
wide and up to 40-50 cm deep (Medvedeva et al. 2000). Violation of the soil structure, adecrease in its natural
density, and the formation of cracks in the soil’s upper zone cause a decrease in the pile’s bearing capacity
along its lateral surface.

The experiments on driving piles into sandy soils carried out by Anusich et al. (2019) showed an increase
in piles’ bearing capacity with an increase in the number of impacts. The authors attribute this to the fact that
a high frequency of impacts contributes to achieving the maximum «long-term» bearing capacity of the pile.

Kupchikova et al. (2017) note that the upper spreading of the pile promotes the expansion of the contact
zone of the pile’s lateral surface with the surrounding soil and ensures their close contact a positive effect on
increasing the bearing capacity of the pile. Such soil entrainment occurs in cohesive soils since spreading
piles can compact the surrounding soil (Hosseiniet al. 2017) and, as a result, increase the overall bearing
capacity. Pusztai (2014) show the increase in bearing capacity of the small spreading piles driving into an
incompressible layer of sandy soil.

According to Isaev et al. (2016), tapered piles make it possible to increase its vertical load-bearing capacity.
Movahedi (2018) comes to the same conclusions, speaking about the increase in piles’ load resistance with
inclined edges. The author connects this with the depth of the pile’s immersion and the pile’s compression by
soil in the spreading segment of the pile (Movahedi Rad, M. 2017).
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Bekbasarovet al. (2020) study indicates a greater bearing capacity of piles with flat tapered spreading.
Comparative studies of spreading piles and prismatic piles have shown that spreading piles’ bearing capacity
increases 1.09-1.56 times in clay soils.

Sorochanyet al. (1993) studied the regularities of the operation of tapered piles in swelling soils: the
dependence of their rise on the taper angle, pile length, and transmitted load. The authors investigated the
layer-by-layer soil deformations around the pile and the soil deformation’s dependence on the pile immersion
depth.

Several studies (Kamran et al. 2008, Hassan et al. 2019, Zotcenko et al. 2018, Esmaili et al. 2013) indicate
the economic feasibility of using piles, in which the upper cross-section is larger than the lower cross-section.
The test results showed that piles with inclined edges (with an angle of inclination from 0.95 to 1.91) have a
higher (up to 50%) bearing capacity than conventional straight piles. Investigation of the behavior of tapered
pile foundations in loose sandy soils with different inclination angles (20°, 30° and 45°) revealed a decrease
in sedimentary deformation of the foundations. So, the coefficient of bearing capacity of such a foundation
reached 88.5%, and the coefficient of subsidence reduction - 37.3%. Besides, it was revealed that piles’
settlement with inclined edges in clayey soils is close to the value of the settlement of a group of straight piles.

In comparison with prismatic piles (with the same material consumption), conical piles’ use increased the
proportion of the load taken by the side surface of the pile up to 75%. At the same time, the bending stifftness
of conical piles was 2-2.5 times higher. The cost of foundations made of such piles was evaluated as less than
prismatic piles foundations up to 60% (Bartolomei et al. 2001).

Khabbaz and Shafaghat (2015, 2020) shown that for the soil with a high angle of internal friction, conical
piles’ bearing capacity is larger than other piles of the same volume.

The driven reinforced concrete piles with spreading in the upper part were developed in the Taraz
Regional University (Taraz, Kazakhstan) for the foundation of hydraulic engineering structures (Bekbasarov
et al. 2019). The developed pile structures had a combined (tapered-prismatic) shape, containing both a
tapered (upper) and a prismatic (lower) part. Considering the effectiveness of these piles, the authors carry
out experimental and theoretical analysis. It was confirmed (Shanshabayev 2020) that tapered-prismatic piles
are more effective than prismatic piles under static vertical loads.

The publications discussed above have shown that the presence of inclined side faces increases the pile’s
bearing capacity. However, the influence of pile segment’ parameters with inclined lateral faces (length,
width, angle of inclination, etc.) remains not fully investigated. This motivates laboratory studies of models
of pyramidal-prismatic piles with variable parameters of a segment with inclined edges.

This study aims to evaluate the influence of the length and cross-section size of the tapered segment of
tapered-prismatic piles on their driving energy intensity (submersion) and bearing capacity in laboratory
conditions using piles’ models.

The research object was driven piles of variable cross-section, consisting of a prismatic bottom and tapered
upper segments.

The study’s subject was the piles’ bearing capacity and the energy consumption of pile driving at different
geometrical dimensions of the taped segment of the pile.

Methods and materials. Models of piles were made by fused deposition (FDM) and printed on a CreatBot
DX PLUS 3D printer (Henan Suwei Electronic Technology Co., LTD. Zhengzhou City, Henan Province,
China). The consumable material of the models is ABS Plus plastic (China). The modeling scale is taken
equal to 1:10, the deviations of the sizes of modelsarising in the technological process of 3D printing do
notexceed 0.02 mm.

Models of experimental piles were made with tapered segments 10 and 20 cm long. The cross-sections of
the top of the tapered segment were 30 x 30 mm, 40 x 40 mm, and 50 x 50 mm, and the cross-sections of the
bottom of the tapered segment was 20 x 20 mm.

The length of the prismatic segment of the pile models was 40 and 30 cm, and the cross-section was 20 x
20 mm. The length of the pile models was 50 cm.

The following control (compared) models were made: a prismatic pile with a cross-sectional at 20 x 20
mm and 30 % 30 mm. Table 1 presents the pile models’ sizes and their mass.
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c
Figure 1.General view (a), a fragment of pile pressure test (b) and diagram (c) of pile models

1.8
1.5

I-model of a prismatic pile with a cross-section of 20 x 20 mm; 2- model of a prismatic pile with a cross-
section of 30 x 30 mm; 3- model tapered-prismatic pile with cross-sectional dimensions on top of 30 x 30 mm
and tapered segment 10 cm long; 4- model tapered-prismatic pile with a cross-section on top of 40 x 40 mm
and a tapered segment with a length of 10 cm; 5- model tapered-prismatic pile with cross-section dimensions
on the top 50 x 50 mm and tapered with a 10 cm long segment; 6- model tapered-prismatic pile with cross-
sectional dimensions on top of 30 x 30 mm and tapered segment 20 cm long; 7- model tapered-prismatic pile
with a cross-section on top of 40 x 40 mm and a tapered segment with a length of 20 cm; 8- model tapered-
prismatic pile with cross-section dimensions on the top 50 x 50 mm and tapered with a 20 cm long segment.

Tablel - Sizes of pile models and their mass

— Sizes, rnrnh - Mass

. Shaft Tip Shaft cross- ’

Pile model number and type length, | length, sectional g
mm mm | dimensions, mm

Control models:

1. Prismatic 500 15 20%20 270

2. Prismatic 30%30 560

Test models:

3. Tapered-prismatic pile with cross-sectional dimensions. 300

30 % 30/20 x 20mm and tapered by a 10cm long segment;

4. Tapered-prismatic pile with a cross-sectional area of 500 15 i 330

40 x 40/20 x 20 mm and a tapered segment with a length of 10 cm;

5. Tapered-prismatic pile with cross-sectional dimensions 360

50 x 50/20 x 20 mm and tapered segment 10 cm long;
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6. Tapered-prismatic pile with a cross-sectional area of 330
30 x 30/20 x 20 mm and a tapered segment with a length of 20 cm;
7. Tapered-prismatic pile with a cross-sectional area of 360
40 x 40/20 x 20 mm and a tapered segment with a length of 20 cm;
8. Tapered-prismatic pile with cross-sectional dimensions 460
50 % 50/20 x 20 mm and a tapered segment with a length of 20 cm;

Note: there are the cross-sectional dimensions of the tapered pile segment in the upper part before the slash,
and there are the cross-sectional dimensions in the lower part after the slash.

The experiments were carried out in tray equipped with multipurpose-hinged laboratory equipment based
on the laboratory «Nanoengineering Research Methods» Taraz Regional University named after M.Kh.
Dulati (Taraz, Kazakhstan). Features, principles, and order of operation of the used equipment outlined in
Bekbasarov et al. (2020).

Sandy soil preparation was carried out as follows. The pre-dried soil was sieved through a sieve with a hole
diameter of 2 mm. Before lying, the sandy soil was moistened to a uniform moisture content. The prepared soil
was laid in a tray in layers, with a thickness of each layer equal to 10 cm. Each layer of soil was thoroughly
leveled and rolled. A total of 7 layers of soil were laid. The soil’s physical and mechanical characteristics
were determined in each series of experiments using the PSG MG-4 device (OOO Special Design Bureau
Storeypribor, Chelyabinsk, Russia). Table 2 presents the physical and mechanical characteristics of sandy
soil.

Table2 - Physical and mechanical characteristics of sandy soil

No Characteristics The values
1 Humidity W,% 9.98-10.32
2 Density p, g/cm? 1.33-1.41
3 Maximum resistance to penetration Pmax, MPa 0.270-0.275
4 Compaction factor K 0.81-0.84
5 Moisture index (degree) | 0.91-0.93
6 Deformation modulus E, MPa 15.1-15.9
7 Internal friction angle f, degrees 13.0-13.1
8 Specific adhesion ¢, MPa 0.0109-0.0110

The pile models were driven into the ground with a striker to approximately the same depth at a constant
energy of each impact. The mass of the striker was 600 g, and the height of its dropping - equal to 500 mm.
The immersion depth of the pile models was 441-447 mm (maximum difference - 1.34%).

Results. Tables 3 and 4 show the results of the driving of the test models and control models of piles. At
the same time, the comparison of the energy consumption of driving pile models was assessed according to
the following indicators:

- the specific energy consumption of driving £ , taken as the ratio of the total potential energy of strikes of
the striker spent on driving the model to the volume of its submerged part in the ground;

- coefficient of the relative power consumption of driving K, taken as the ratio of the total potential energy
of striker impacts spent on driving the experimental model of the pile to a similar energy parameter of the
control model of the pile.

Table3 - Pile model driving results

. Tapered Total energy . The volume Specific energy
Pile cross- of blows spent Immersion . .
. segment . of the immersed | consumption of
section, cm lenoth. em | 1 driving £, J, | depth L, mm art V. om’ lueeine E . J/em®
g, (number of blows) p ’ PIUgEIng £,
30%30/20%20 10 123.6 (42) 471 200.9 0.615
40%40/20%20 10 129.5 (44) 471 214.1 0.605
50%50/20%20 10 167.7 (57) 471 229.6 0.703
30x30/20%20 20 132.4 (45) 470 220.8 0.560
40x40/20%20 20 164.8 (56) 470 264.1 0.624
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50x50/20%20 20 188.3 (64) 470 316.7 0.595
20%20 0 117.7 (40) 470 190.0 0.619
30x30 0 294.3 (100) 470 427.5 0.688

Notes. The cross-section of the pyramidal segment of the pile in the upper part is indicated before the slash.
The dimensions of the lower part are indicated after the slash. Two bottom lines of the table correspond to

prismatic piles.

Impact number
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Figure 2. Dependence of the immersion depth of pile models on the number of blows
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Figure 3. Dependence of the immersion depth of pile models on the number of blows

Table4 - Relative energy intensity of driving K, of pile models

Tapered segment sizes
Coefficients of the relative
energy intensity of driving 30%30/ 40%40/ 50x50/ 30x30/ 40%40/ 50x50/
pile models 20%20 20%20 20%20 20%20 20%20 20%20
(10cm) (10 cm) (10 cm) (20 cm) (20 cm) (20 cm)
K, 1.05 1.10 1.42 1.12 1.40 1.60
K, 0.42 0.44 0.57 0.45 0.56 0.64

Notes.

1. Coefficients K, and
20 mm and a prismatic pile with a cross-section size of 30 x 30 mm,;
2. The cross-section sizes of the tapered segment of the pile in the upper part are indicated before the slash.
The dimensions in the lower part are indicated after the slash;

3. The length of the tapered segment of the pile is shown in brackets.

K, respectively, refer to the prismatic pile models with a cross-section size of 20 x

E2
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Static tests were carried out for the action of vertical indentation loads to assess the pile models’
bearing capacity. The pressing load was transferred to the pile models in a step-by-step mode to provide
conditional stabilization of their settlement following Russian State Standard GOST 5686-2020 «Soils. Field
test methodsbypiles» 2014. This standard applies to methods of field-testing of soils with full-scale piles,
reference piles, probe piles, carried out during engineering surveys for construction, for control tests of soils
with piles during construction, and reconstruction. Static loading of the models was carried out up to a draft
of at least 40 mm.

The test results are shown in Fig. 4 and 5 and in Tables 5-6. A comparative assessment of the resistance of
pile models to the action of an indentation load was carried out according to the following indicators:

- bearing capacity F, determined in accordance to Interstate Standard «Soils. Field test methodsbypiles»
2014;

- specific bearing capacity £, , taken as the ratio of the bearing capacity of the pile model to the volume
of its submerged part in the soil;

The coefficient of the relative efficiency of the models by the bearing capacity K, was used for piles
efficiency evaluation. This coefficient was taken as the ratio of the pile’s experimental model’s bearing
capacity to the similar pile’s control model’s bearing capacity.

Table5 - Bearing capacity F', and specific bearing capacity F, of pile models.

Pile cross- Tapered Bearing capacity of the pile Specific bearing capacity of the pile
section, cm segment model, F, N, model, £/, N/cm?,
length, cm at settlement at settlement
20 mm 40 mm 20 mm 40 mm
30%30/20%20 10 151.2 176.3 0.752 0.877
40%40/20%20 10 193.2 226.1 0.902 1.05
50%50/20%20 10 284.0 332.1 1.24 1.44
30%30/20%20 20 200.1 226.3 0.906 1.02
40%40/20%20 20 300.2 332.5 1.14 1.26
50%50/20%20 20 430.0 470.1 1.36 1.48
20%20 0 105.1 117.2 0.553 0.617
30%30 0 2313 245.1 0.541 0.573

Table6 - Coeflicients of the relative efficiency of pile models by the bearing capacity K, at a settlement
at 20 and 40 mm

Tapered segment sizes, cm

30%30/ 40x40/ 50x50/ | 30x30/ | 40x40/ 50x50/
20%20 20x20 20%20 20%20 20%20 20%20
(10 cm) (10cm) | (10cm) [(20cm)| (20 cm) (20 cm)

at settlement20 mm

Coefficients of the relative
efficiency of pile models by
the bearing capacity

K, 1.44 1.84 2.70 1.90 2.85 4.10
K, 0.65 0.83 1.23 0.86 1.30 1.86
at settlement40 mm
w 1.50 1.93 2.83 1.93 2.84 4.01
- 0.72 0.92 1.35 0.92 1.36 1.92
Notes:

1. Coeflicients K, and K, ,, respectively, refer to the model of a prismatic pile with a cross-section size
of 20 x 20 mm and a model of a prismatic pile with a cross-section size of 30 x 30 mm;
2. The upper part dimensions of the tapered segment are given before the slash. The lower part
dimensions of the tapered segment are given after the slash;

3. The length of the tapered segment of the pile is shown in brackets.
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Figure 4. Dependence of settlement of pile models on static indentation load

I-model of a prismatic pile with a cross-section of 20 x 20mm;
2- model of a prismatic pile with a cross-section of 30 x 30mm;
3- model tapered-prismatic pile with cross-sectional dimensions on top of 30 x 30 mm and tapered segment

10 cm long;
4- model tapered-prismatic pile with a cross-section on top of 40 X 40 mm and a tapered segment with a

length of 10 cm;
5- model tapered-prismatic pile with cross-section dimensions on the top 50 x 50 mm and tapered with a

10 cm long segment.
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Figure 5. Dependence of settlement of pile models on static indentation load

1- model of a prismatic pile with a cross-section of 20 % 20 mm;
2- model of a prismatic pile with a cross-section of 30 % 30mm;
3- model tapered-prismatic pile with cross-sectional dimensions on top of 30 x 30 mm and tapered segment

with a length of 20 cm;
4- model tapered-prismatic pile with a cross-section on top of 40 x 40 mm and a tapered segment with a

length of 20 cm;
5- model tapered-prismatic pile with cross-sectional dimensions on top of 50 x 50 mm and tapered segment

with a length of 20 cm.

The data presented in tables 5 and 6 are mathematically described by the following second-order
polynomial function

K, =an’ +bn+c )
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where: K| is the coefficients of the relative efficiency of pile models by the bearing capacity of the tapered-
prismatic pile; n is the cross-sectional dimension of the top of the tapered portion of the tapered-prismatic

pile: a, b and c are the coefficients taken according to table 7.

Table 7- Coefficients a, b, and ¢ in approximation (1) at the settlement at 20 and 40 mm

Coefficients a, b, and ¢ in approximation (1)
Coefficients of the relative P b B P b .
efficiency of piles .by the bearing | /n;z, 1 /ril, (10cm) 1 /n,lz, 1 /1’;1, (20cm)
capacity (10cm) | (10cm) (20cm) | (20cm)
at 20 mm
K, 0.23 0.29 1.5 0.15 0.5 1.25
K, 0.11 0.15 0.69 0.06 0.26 0.54
at 40 mm
K,, 0.235 0.275 1.54 0.13 0.52 1.28
K,, 0.115 0.145 0.75 0.06 0.26 0.6
Note: the length of the prismatic segment of the pile is indicated in brackets.

The indices of the value of the reliability of approximation R, of the experimental data according to the
formula (1) are equal to 1.0, which indicates its high reliability. The formula can be used to predict the bearing
capacity of test piles with known values of the bearing capacity of the control piles.

Discussion. 1. Comparative analysis of the values of the total energy consumption £ and the specific
energy consumption £ of the models of the experimental and control piles allows us to distinguish the
following regularities (tables 3, 4):

- an increase in the length of the tapered segment of the test piles by 10 cm is accompanied by an increase
in the total energy costs for their driving by 7.12-27.26%;

- an increase in the size of the upper cross-section of the tapered segment of the test piles by 1.33 and
1.66 times leads to an increase in the total energy costs for their driving by 4.77-24.47% and 35.68-42.22%,
respectively;

- among the experimental piles, the highest total energy costs are typical for piles with a tapered segment
length of 20 cm and an upper cross-section size of 50 x 50 mm.

- the total energy costs for driving experimental piles are 1.05-1.6 times higher than for driving a prismatic
pile with a cross-section of 20 x 20 mm and 36-58% less than for driving a prismatic pile with a cross-section
of 30 x 30 mm,;

- the specific energy consumption of piles with a tapered segment length of 10 cm (0.605 to 0.703 J/cm?)
is slightly higher than that of piles with a tapered segment 20 cm long (0.560-0.624 J/cm?).

2. Comparison of the values of the bearing capacity of the models of the experimental and control piles
allows us to establish the following features (tables 4-6):

- an increase in the length of the tapered segment of the test piles by 1 m causes an increase in their bearing
capacity by 32.34-55.38% at a settlement of 20 mm and by 28.36-47.06% at a settlement of 40 mm;

- an increase in the size of the cross-section of the tapered segment of the test piles by 1.33 and 1.66 times
is accompanied by an increase in their bearing capacity, respectively, by 27.77-50.02 and 87.83-114.95% at
settlements of 20 mm, and by 28.25-46.92 and 88, 37-107.73% at 40 mm precipitation;

- an increase in the length of the tapered segment of the test piles by 10 cm leads to an increase in their
specific bearing capacity by 9.68-26.38% at a settlement of 20 mm and by 2.77-20.0% at a settlement of 40
mm;

- an increase in the size of the cross-section of the tapered segment of the test piles by 1.33 and 1.66 times
provides an increase in their specific bearing capacity, respectively, by 19.95-25.83% and 50.11-64.89% at
settlements of 20 mm, and by 19.73-23.53 and 45.1-64.20% at precipitation of 40 mm;

- the specific bearing capacity of the test piles is1.36-2.46 times higher than the specific bearing capacity
of a prismatic pile with a cross-section size of 20 X 20 mm, and 1.30-2.58 times higher than that of a prismatic
pile with a cross-section size 30 x 30 mm;
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- the bearing capacity of the test piles exceeds the bearing capacity of a prismatic pile with a cross-section
size of 20 x 20 mm by 1.44-4.1 times at a settlement of 20 mm and by 1.5-4.01 times at a settlement of 40
mm;

- depending on the length and dimensions of the cross-section of the tapered segment, the bearing capacity
of the test piles can be 1.23-1.92 times higher or 8-35% less than the bearing capacity of a prismatic pile with
a cross-section size of 30 x 30 mm.

Conclusions. Based on the presented research results, the following main conclusions can be formulated:

- energy costs for driving tapered-prismatic piles, as well as their resistance to the action of a vertical
indentation load, depending on the length and dimensions of the cross-section of the top of the tapered
segment, with an increase in which the energy intensity of immersion and the bearing capacity of the test
piles increase;

- it was revealed that the energy consumption of driving tapered-prismatic piles (depending on the length
and size of the upper cross-section of the tapered segment) is 1.05-1.6 times higher than that of prismatic
piles with a cross-section of 20 x 20 mm and 36-58% lower compared with a pile with a cross-section of 30
x 30 mm;

- with the same driving depth and with the same pile settlements, the bearing capacity of tapered-prismatic
pilesis 1.5-4.01 times higher than that of a prismatic pile with a cross-section of 20 x 20 mm, and in comparison
with a prismatic pile with a cross-section of 30 x 30 mm it can be, both 1.23-1.92 times more and 8-35% less,
depending on the length and size of the tapered segment of the test pile;

- the obtained correlation dependence makes it possible to predict the bearing capacity of tapered-prismatic
piles with known values of the bearing capacity of traditional prismatic piles.

The revealed characteristic features of tapered-prismatic piles’ behavior will make it possible to reasonably
assign the length and dimensions of the cross-section of their tapered segment.

The results of the field tests of the tapered piles are presented in Bekbasarov et al. (2021).
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NMUPAMUJAJIBI-IIPUIMATUKAJIBIK KAJAJAP MOJAEJIBAEPIHIH SHEPT' U
CBIBIMJIBLIBIFBI ’)KOHE )KYK KOTEPY KABLJIETI

Annoranus. [TupaMuganbiK-nipu3ManbIK KoHEe TMPHU3MAIBIK KaJallapIblH MOJACTbACPIH Kary OoibIHIIA
YKOHE TiK OaThIpy JKYKTeMeJIepiHe 3ePTXaHAaIbIK ChIHAKTAp KYPTi31I/i. 3epTXaHaIbIK ChIHAKTAP TTHPAMHUIAIIBIK
OeiriHiH Y3BIHIBIFEI MEH KHMAachl OpTYpIi Kamamap wmoxenbaepiMer (M 1:10) »xyprizinmi. Kamameik
MOJISNBIEP/IIH TUPaMUIAIBIK OOJITiHIH Y3bIHABIFEl YIIFaliFaH CaiiblH OJIap/Ibl KaFyFa KYMCaJIaThIH SHEPTHS
BIFBIHAAPE! 7,12-27,26%-Fa apTajsl, Kafganap MOJAEIbICPIHIH KYK KeTeprimTiri 28,36-55,38%-ra eceni.
[MupaMuganbI-npu3MalbIK Kajaaap MOACTBACPIHIH KYK KOTEPrillTiri KeIeHeH KUMAChIHBIH oimieMi 20 X
20 MM mpU3MaIIBIK Kajnaiap Mojeiine Kaparanaa 1,5-4,01 ece sxorapbl, ajl KeJIeHeH KMMAaChIHBIH OIIIIeMi
30 x 30 MM Tpu3MAaibIK Kajganap MOJETIMEH CalbICTBIPFaH/Ia, SKCIIEPUMEHTTIK Kajalap MOJENbISpPiHiH
nupaMua OeJiTiHiH KeJJIeHeH KMMAChIHBIH Y3bIHIBIFBIMEH Meepine OainanbicTol 1,23-1,92 ece apThik
Hemece 8-35% kem OOybl MYMKIH €KEHIIT aHbBIKTaIbL. JlocTypni mpu3MalblK KajalapiblH Oenrimi
KYKTeMe MOHIepiMEeH MMHpaMHIaJIbIK MPU3MAIBIK KaJalapIblH )KYK KeTepy KaOieTiH OoimkayFa MYMKIHJIIK
OepeTiH KOPPEeISIIUSITBIK TOYSIIITIKTep YChIHBUIABL. [[npaMuganbIk- MpU3MalblK KaJanapIblH aHBIKTaFaH
ePeKIIEeTKTepi ONapbIH MHPAMHUIAJIBIK OOJNIriHIH KeJJIeHeH KUMACBIHBIH Y3BIHABIFBIMEH OIIeM/IEPiH
JYPBIC TaHJIAyFa MYMKIiH/IIK Oepei.

Tyiiingi ce3nep: marbH KOJIeM/Ii MOJIEBICY, KYM, KaIallbIK ipreTac, MipaMuIaibl-TIPU3MAIIbIK Kaaamap,
KaJlaKary, )KYK KoTepy KacHeTi, Iery.
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SHEPITOEMKOCTb 3ABUBKH U HECYIIIASI CHOCOBHOCTb MOJEJENR
MUPAMUIAJIBHO-IIPU3MATUYECKUX CBA

Annoranus. [IpoBenensinadboparopHble MCIBITAHNS MOJIENICH 3a0MBHBIX TUPAMHJAIbHO-TIPU3MATHYECKUX
Y IPU3MaTUYECKUX CBail 3a0MBKOM U HABJABIMBAIOLIME BEPTUKAIbHBIC HATPY3KH. JlabopaTopHbIe HCIIBITAaHUS
MpoBOAMIINCE Ha Mojensx cBail (M 1:10) ¢ paznuyHOM UIMHOM M ceyeHHeM MUpPaMUAAIBHOTO y4yacTKa.
YCTaHOBIIEHO, YTO C YBEJIMYEHHEM JJIMHBI TUPAMUAAIBHOTO yyacTKa CBallHBIX MOJEJEH 3aTparhl SHEPTHU
Ha uXx 3a0uBKy yBenu4uBatoTcs Ha 7,12-27,26%, Hecymas ciocoOHOCTh MOZIeTiel cBail Bo3pacTaeT Ha 28,36-
55,38%. BrisiBiIeHO, 4TO MPU OJMHAKOBOM MTyOHMHE 3a0MBKH M OJIMHAKOBBIX OCAJIKaX HECYIas ClIOCOOHOCTh
Mojiesielt mupaMuiaibHO-pu3MaTnyeckux cBail B 1,5-4,01 pasa Belie, ueM y MOAEIN IPU3MAaTHUECKON CBau
ceuenuem 20 x 20 MM, a 10 CPAaBHEHHIO C MOJICIIBIO PU3MAaTHYeCKOl cBau ceueHueM 30 X 30 MM MOXeT ObITh
B 1,23-1,92 paza 6onbiue nin Ha 8-35% MeHblle, B 3aBUCUMOCTH OT JUITMHBI M pa3Mepa HOMepeuyHOro CeUeHUs
MUPAMUJAIBHOTO yYacTKa SKCIEepUMEHTANIbHBIX Mojienel cBail. [lomydena koppensiuoHHast 3aBUCUMOCTbD,
MO3BOJISAIIONIAS TPOTHO3UPOBATh HECYLIYI0 CIIOCOOHOCTh NHPaMHUIAIbHO-NPU3MAaTHYECKUX CBall ¢
W3BECTHBIMH 3HAYCHUSIMH HECYIed CIIOCOOHOCTH TPaJUIMOHHBIX MPU3MAaTHYEeCKUX CBall. BbIsBIeHHBIC
0COOCHHOCTH MOBEJICHHS MUPaMUAATBHO-IPU3MATHYECKUX CBall MO3BOJIAIOT 0OOCHOBAHHO 3a/1aBaTh JJIUHY
1 pa3Mephbl NOMEPEYHOr0 CEYEHMs UX MUPAMUIAIBHOTO y4acTKa.

KioueBble cjioBa: MeaKoMacmTabOHOE MOACIMPOBAHKE, IECOK, CBAMHBIA (yHIAMEHT, MUPaMUIATbHO-
npu3MaTuveckasl cBasi, 3a0MBKa CBaii, HeCylIlasi CIOCOOHOCTh, OCajIKa.
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