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Purpose. Understanding the hanging arch distance of the roof in the curved triangle area at the end of an under-
ground coal working face.

Methodology. Using mechanical analysis, we obtain the theoretical maximum roof hanging arch distance in the
curved triangle area and expression of supporting pressure borne by protective coal pillars surrounding the curved
triangle area. To reflect the results, mathematical derivations are done.

Findings. The mechanical model for roof hanging arch in the curved triangle area at the end of the coal working
face is established; the mechanical conditions for the formation of such triangle area is analyzed; the theoretical
maximum roof hanging arch distance in the curved triangle area is calculated; the formula showing the corresponding
relation between the ineffectiveness of bolt (cable) support of the roadway roof and supporting pressure of coal pillars
surrounding the curved triangle area is given as well.

Originality. A series of formulas for the supporting pressure borne by the protective coal pillars surrounding the
curved triangle area are derived.

Practical value. If the roof support in the curved triangle area becomes ineffective after completing the corre-
sponding support tasks, both the roof hanging arch distance and supporting pressure of the coal pillars in the triangle
area reduce accordingly. These conclusions may supply instructions for designing the width of the protective pillars.

Keywords: high gassy mine; curved triangle area; support ineffectiveness; mechanical model

Introduction. Under complex geological conditions,
there are many uncertain factors influencing the rules for
the movement of rock stratum laid over the coal seam.
Roadways in the mining area and mines surrounding
coal body are typically under significant pressure. There-
fore, it is necessary to adopt high-strength support pat-
terns at the working face, thus bolt support is specially
favored at mines due to its high strength, low cost, con-
venient construction and other corresponding charac-
teristics. According to the statistical data from relevant
departments and scholars, at present the rate of bolt sup-
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port adopted in mine roadways in China has reached
over 60 %, and is even higher at certain state-owned key
coal enterprises (approximating almost 100 %). There-
fore, we can say that bolt support has become the most
important mine roadway support pattern [1]. The sup-
port pattern characterized by the combination of anchor
bolt and reinforcing anchor cable is typically adopted in
the open-off cuts and mining roadway roofs at most
mines, before the mining of fully mechanized caving
faces. Showing a great support effect and extremely great
practicability in engineering practices, the above men-
tioned comprehensive support pattern is safer compared
with a single bolt support or other support patterns [2].
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With the application of the support technology char-
acterized by the integration of anchor bolt and cable in
set-up entry in fully mechanized caving faces, the instal-
lation of longwall shear and shields in working faces is
becoming easy. And the great economic and social ben-
efits have been acquired due to safety and reliability rea-
sons, cost saving, construction acceleration and other
advantages. However, due to the joint support of the an-
chor bolts and cables, the roof cannot achieve timely
caving consistently and the step of the primary collapse
is excessively large, thus endangering the safety of the
working faces. For example, due to the excessively large
roof hanging arch area, the 3043 working face in Sanyu-
an Wangzhuang Coal mine showed air leakage, rib fall
of coal wall and other serious faults. In addition, the
sudden large- area collapse of the roof with excessively
large hanging arch area in the goaf of the Zhaozhuang
Coal Mine under Jincheng Anthracite Mining Group
respectively caused personal and equipment safety ac-
cidents in 1306 and 3305 working faces [3, 4].

After the commencement of mining, the mining
roadways in the back of working face gradually become
an integral part of the goaf with the advance of the work-
ing face. Under the influence of dynamic ground pres-
sure and other factors, most of the anchorage devices in
the roof of the mining roadways cannot easily be re-
moved. Due to this fact, most of the cable anchorage
devices still play the roles of roof hanging arch and rein-
forcement even after the roadway is not used any more.
Thus, the roadway roof cannot timely collapse with the
movement of the working face and a large-scope roof
hanging arch at the back of the upper and lower ends of
the working face is formed. Moreover, the anchor cables
for open-off cut may fail to be released, which results in
a large-step extraction of top coal and prevents the im-
plementation of the normal coal caving procedure, lead-
ing to the loss of a large quantity of top coal, and increas-
ing the perniciousness of roof collapse in a large area.

From the perspective of mechanical analysis, in this
paper, first the distribution of pressure on the covering
roof in the working face is discussed; then the mechani-
cal model for curved triangle area at the end of the work-
ing face is established. Furthermore, the factors influ-
encing the occurrence of the roof hanging arch in the
curved triangle area are analyzed, in particular the influ-
ence of the curved triangle area and the supporting pres-
sure of coal pillars after the release of bolt support. The
research conclusions may supply instruction for the de-
sign of the width of protective coal pillars.

Distribution of Pressure on Roofs at the Front and
Back of the Coal Face. The treatment of rock stratum
laid above the roofs can be divided into four stages, from
the roadway formation to excavation and the final aban-
donment, namely the excavation influence stage, exca-
vation stabilization stage, mining influence stage, and
mining stabilization stage. The first stage (the excavation
influence stage): the stress of the surrounding rock stra-
tum redistributes. The plastic deformation occurs in cer-
tain areas, and the roadway deformation quantity is rela-
tively large. The second stage (the excavation stabiliza-
tion stage): after the completion of the roadway excava-
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tion operation, the rock stratum surrounding the road-
way is under the joint influence of the support effect and
self-bearing effect. Therefore, the roadway deformation
rate becomes gentle and gradually stabilized, and the de-
formation quantity is far less than that at the excavation
influence stage. The third stage (the mining influence
stage): after the mining of the working face has been
completed, the stress of the overlying rock stratum redis-
tributes once again under the effect of the advanced sup-
port pressure. Then the plastic area of the surrounding
rocks continuously increases, roof sinking rate increases,
and roof deformation is at the most intense stage. The
fourth stage (the mining stabilization stage): after the
fiercest deformation of the roof, the distribution of stress
in the goaf remote from the mining face gradually be-
comes stabilized. The roof sinking quantity reduces sig-
nificantly compared with that at the third stage, but it is
still larger than that at the first and second stages. Fig. 1
shows the distribution of stress on the rock stratum laid
above the roof during mining on the working face.

It can be seen from Fig. 1 that in some areas remote
from the working face, the rock stratum laid above cor-
responding roofis free from the influence of mining pres-
sure, and the area is exactly beyond the influence of dy-
namic pressure, as shown in Part A in the figure. Part B
indicates the area under the influence of advanced sup-
port pressure, where the stress increase is not that signifi-
cant and the pressure becomes increasingly large as the
distance from the mining face becomes shorter and
shorter. This area is characterized by small roadway de-
formation quantity and rare occurrence of mine ground
pressure. Part C indicates the area where advanced sup-
port pressure occurs; being adjacent to the working face.
This area is characterized by the sharp increase in stress
in the surrounding rocks, and the significant occurrence
of mining pressure. Part D indicates the area where the
maximum dynamic pressure occurs; being 10—20 m away
from the working face. The area is characterized by large
roadway roof sinking quantity, severe rib fall of coal wall
and occasionally occurring base plate floor heave, thus
temporary support should be strengthened in this area.

a b c d e f g h

Fig. 1. Distribution of pressure on roofs at the front and
back of the stope face:

a — area beyond the influence of dynamic pressure; b —
area under the influence of advanced support pressure; ¢ —
area where advanced support pressure occurs; d — area
where maximum dynamic pressure occurs; e — pressure re-
duction area; f — pressure unloading area; g — area where
old roof pressure occurs; h — pressure stabilization area
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Part E indicates the pressure reduction area where the
stress reduces sharply. The main reason is that the stress
exerted on the coal body by the overlying rock stratum is
released outside through the fractures in the coal body,
thus resulting in the reduction of pressure. Part F indi-
cates pressure unloading area; after the working face is
advanced to a certain distance, the immediate roof in the
back collapses, leaving the force exerted by the overlying
stratum working on the old roof. Therefore, the force is
transferred from the old roof to the surrounding rock
masses, thus resulting in the rib fall of coal wall in the
front of the working face, and the caving of roofs in the
goaf. Part G indicates the old roof pressure area where
the masonry beam structure is formed, resulting from the
collapse and caving of old roof and pressure of rocks in
the goaf increasing under the influence of the weight of
certain rock masses laid above. Part H indicates the pres-
sure stabilization area; being remote from the working
face. The area is beyond the influence of mining, where
the overlying rock stratum and the rocks collapsed recon-
stitute the state of mechanical equilibrium.

Fig. 2 shows the distribution of the supporting pres-
sure working on the coal body at both sides of the work-
ing face under the mining influence.

It can be seen from Figs. 1 and 2 that the roof hanging
arch area in the back of the working face of the high gassy
mine is located in the roof pressure unloading area. And
the coal body in the roof hanging arch area is located in
the coal body supporting pressure unloading area.

Formation of Curved Triangle Area at the End of the
Working Face. It has been revealed in recent research
studies that the rock stratum in the fracture belt of the
goaf can form the masonry beam mechanical model and
Kirchhoft plate mechanical model. According to the
rule for the fracture of the overlying strata “plate”, when
the basic roof stratum fractures for the first time, the
main fracture is in the shape of “O-X”, while the struc-
ture of masonry beam in the middle of the working face
and the structure of the curved triangle plate in the end
part of the working face may be formed during periodic
fracture, as shown in Fig. 3 [5].

In the fracture structure shown in Fig. 3, L, indicates
the periodic roof weighting step, generally ranging from

Kyl

Fig. 2. Rules for the distribution of supporting pressure at
both sides of the coal face:
A — unloading area; B — supporting pressure area; C — pri-
mary rock stress area; D — after-mining pressure stabiliza-
tion area; L,,,. — peak position
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10 to 20 m, while L, indicates the lateral span of the curved
triangle plate, and L, can be regarded as being approxi-
mate to L;. The X-O indicates the fracturing position of
the curved triangle plate. That is mainly under the influ-
ence of the thickness and strength of the basic roof, the
buried depth of working face and the strength and mining
height of the coal and rock mass. With a value generally
ranging from 4 to 8 m, the X-O is basically located in the
junctions of plastic areas within the coal body.

According to wall-suspending plate theory, under
the joint effect of protective coal pillars in the surround-
ing sections, coal body at the stope face and temporary
supports, the roofs above the ends of the roadways in the
working face can form the structure of the suspended
roof plate in the shape of a curved triangle near the end
of the mining roadway when the old roof in the goaf col-
lapses, as shown in Fig. 4. The maximum bending mo-
ment of the curved triangle suspending plate occurs in
the junctions of the free end and fixed end, namely the
junction between the coal pillar and the end, and that
between the end and the roof cutting line of the support.
The roofs in these two junction positions are most vul-
nerable to damage, and a new damage limit is formed in
the trace of the curved ultimate bending moment, as
shown in Fig. 5. The roof in the end part fractures and
collapses along the trace of the curved ultimate bending
moment, and thus forms a suspended roof in the shape
of a curved triangle, as shown in Fig. 4. The area of sus-
pended roof in the shape of a curved triangle is generally

Roadway
&

Rockmzss:‘\f I

Curvead triangle block D

Curvead triangle block E

Fig. 3. Fracture forms of basic roof at overlying rock stra-
tum

Fig. 4. Curved triangle formed at the end of the stope
roadway [§]
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Fig. 5. Schematic diagram of the formation of suspended
roof in the shape of a curved triangle

in the shape of an equilateral right triangle with a basi-
cally constant size [6, 7].

With the movement of the working face, both the
suspension area of the end roof and the bending mo-
ment exerted on the roof continuously increase. When
the bending moment reaches a certain limit, fracture
will occur in the junction position between the coal pil-
lar and the end, and that between the end and the roof
cutting line of the support. This is followed by the col-
lapse of the suspended roof plate in the shape of a
curved triangle, and then the new suspended roof plate
in the shape of a curved triangle will form at the front
end with the proceeding of the working face. Therefore,
it is the periodic collapse that continuously forms new
suspended roof plates in the shape of a curved triangle.

Structural Mechanics Analysis on Curved Triangle
Area at the End of the Working Face. According to the
plate simplification theory, the suspended roof in the shape
of curved triangle can be divided into several pseudo-tilt
beams, and the model for each pseudo-tilt beam is shown
in Fig. 6. This model can be regarded as representing a
tilted rock beam, and the dip angle of the model (o) is
equal to the coal seam dip angle. Tilted Beam AB can be
calculated on the basis of the following two assumptions: 1)
with a length of L AB is under balanced stress, and the
corresponding uniform load is ¢; 2) under the effect of sup-
porting force, Points A and B are regarded as fixed ends.

According to the material mechanics formula, the
bending moment of any point (x) in Tilt Rock Beam
AB, namely M,, can be shown as follows

gsina

Fig. 6. Mechanical model of pseudo-tilted beam
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A - dcosa

. (6x2 —6Lx+1?),
where M, is the bending moment of any point; x is the
distance between any point in AB to Point A; o is the dip
angle of the model; g is the corresponding uniform load;
L is the length of the Tilted Beam AB.

Under the effect of M, the bending stress of any
point in AB (o) can be shown as follows

M.y

G == (1)

h
where y = iE; the y value on the neutral axis of old roof
should be positive; otherwise, it should be negative; J is in-
1
ertia moment, J = Eh3 ; histhe thickness of the old roof.

When the neutral axis is under the influence of Verti-
cal Load gcosa, the lower and upper surfaces in the
middle are typically under tension and pressure, respec-
tively; as the anti-pressure limit is larger than the anti-
tension limit, fracture damage typically occurs first in
the lower surface at the middle of AB, and then Stress o,
can be shown as follows

gcosa(6Lx —6x2 —I?)
G, = 5
2h

where o is the dip angle of the model; ¢ is the corre-
sponding uniform load; L is the length of the Tilted
Beam AB; x is the distance between any point in AB to

Point A; & is the thickness of the old roof.
The stress exerted on AB in the horizontal direction

(o,) under the effect of the parallel load gsina can be
shown as follows

, (0<x<L), (2

o, = d8NeCx=0) o o), 3)

2h
where a is the dip angle of the model; ¢ is the corre-
sponding uniform load; L is the length of the Tilted
Beam AB; x is the distance between any point in AB to
Point A; 4 is the thickness of the old roof.

It can be seen from the results of (1—3) that Point A
and Point B are respectively under the maximum pres-
sure stress and tension stress, and the stress in the middle
is 0. The curve of presses on various points in AB can be
prepared in accordance with (2, 3), as shown in Fig. 7.

Under the joint effect of 6, and o©,, the stress on the
lower surface of the neutral axis of AB can be shown as
follows

gcosa(6Lx —6x>—1?) gsina(2x—L)
o= + ,
20 2h 4
(0<x<),

where a is the dip angle of the model; ¢ is the corre-
sponding uniform load; L is the length of the Tilted
Beam AB; x is the distance between any point in AB to
Point A; & is the thickness of the old roof.
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Fig. 7. 6, and o, stress curves

The stress curve (o) of any point in Rock Beam AB
can be acquired in accordance with (4), as it is shown in

d
Fig. 8. Proposing that LAl 0, when o reaches the limit
L h . .
X :3+gtana , the lower surface in the position at

L . L h
the neutral axis with a distance of 3+gtan(x away

from Point A is under the maximum stress, and it will be
damaged first.

The fracture point of the rock beam and its maxi-
mum sinking point are generally in the same position,
thus (4) can also be expressed as follows

Oy = geosa 6L, .. leax +ﬁtana -
2h? 2 6

2
-6 ﬁ+ﬁtana -2 |+
2 6

max

i) L’“—a"+ﬁtanoc —L... |
2h 2 6

where a is the dip angle of the model; ¢ is the corre-
sponding uniform load; L, is the limit span; 4 is the
thickness of the old roof.

The formula above can also be simplified as follows

12 gcoso. gtanosino

Omax =7 2 2

where a is the dip angle of the model; ¢ is the corre-
sponding uniform load; L, is the limit span; 4 is the
thickness of the old roof.

Fig. 8. o stress curve
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When Rock Beam AB fractures, c,,, = R, its limit
span (L,,,,) can be shown as follows

2
L =h i_m_a, 5)

e gcosa 3

where a is the dip angle of the model; ¢ is the corre-
sponding uniform load; L,,,, is the limit span; 4 is thick-
ness of old roof; R, is ultimate tensile strength.

It can be concluded from the comprehensive analy-
sis that (5) precisely shows the limit span of the curved
triangle roof.

When a = 0, the limit span will be as follows

L...=2h fﬁ,
q

where ¢ is the corresponding uniform load; L,,,, is the
limit span; 4 is thickness of old roof; R, is ultimate ten-
sile strength.

Analysis of the Influence on Curved Triangle
Area and Coal Pillar Supporting Pressure After the
Release of Bolt (Cable) Support. When the release of
the support adopted for the roofs in the curved triangle
area fails to be smoothly conducted, certain anchor
bolts and cables will still play the role of hanging arch.
That may influence the collapse of the immediate roof
in the curved triangle area, as shown in Fig. 9, a. See
Fig. 9, b for the effect after the release of the anchor
bolts and cables under ideal circumstances [6].

After the formation of the curved triangle area, the
supporting pressure exerted from the overlying rock
stratum on the surrounding coal body and supports in-
creases, support contraction and expansion quantity in-
creases, and a part of the coal body yields. Proposing
that the coal pillars adopted comply with the Winkler
Hypothesis and the stress structure of the surrounding
coal body throughout the entire curved triangle area is in
the plane state. The corresponding plane stress mechan-
ical model is shown in Fig. 10.

According to the balance conditions for the model
shown in Fig. 10, the differential equation of the deflec-
tion curve for cantilever beams in the curved triangle
area can be shown as follows

Elllyw:q
ElLy"=q-ky

(-1<x<0)
0<x<w)’
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Fig. 9. States of roofs in the curved triangle area before and after support release:

a — before removing the support; b — after removing the support

where EI is the flexural rigidity; q is uniformly distrib-
uted load; k is constant terms.

The deflection curve for cantilever beams in the
curved triangle area can be acquired through putting
corresponding boundary conditions and continuity
conditions into the above formula

0S—X —ﬂsin&x
E 1o} V27 ELe 27
where Q, is the total pressure of the overhang; M, is the

bending moment; o is natural frequency; EI is the flex-
ural rigidity.

e e[[fQ0+mMc ®

ga? k
And Q, = qa, M0=7 and =4 , then the
1
supporting pressure borne by coal pillars surrounding

the curved triangle area can be expressed as follows

OS—=X—

c 20 sin-Lx |, (6)
E I VOELS S

where R is supporting pressure borne; k is constant
terms; o is natural frequency; M, is the bending mo-
ment; EI is the flexural rigidity; Q, is the total pressure
of the overhang.

When x =0, (6) can be expressed as follows

Rete (IQOHDM o M,

\/Eqa + L wga?
Rek——2
E\I 1(03
where k, ¢, o, E, and [, are all constant terms (which are
determined according to mechanical properties of mine
stratum). It can be seen from (6) that the roof hanging

Fig. 10. Elastic force model of protective coal pillar
around the curved triangle area
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arch distance in the curved triangle area is in a parabolic
linear relation with the supporting pressure borne by the
surrounding protective coal pillars. It can be concluded
that if the bolt support for the bolt roofs in the curved
triangle area fails to be released, then both the roof hang-
ing arch distance in the area and the supporting pressure
borne by the surrounding coal pillars will increase. Cor-
respondingly, if the roof support in the curved triangle
area can be effectively released, then both the roof hang-
ing arch distance in the area and the supporting pressure
borne by the coal pillars will decrease.

Conclusions. Under the joint effect of the protective
coal pillars in the surrounding sections, the coal body at
the working face and temporary supports, the roofs above
the ends of the roadways in the working face can form the
structure of the suspended roof plate in the shape of a
curved triangle near the end of the roadway when the old
roof in the goaf collapses. The maximum bending mo-
ment of the suspended roof plate in the shape of a curved
triangle occurs in the junctions of the free end and fixed
end, namely the junction between the coal pillar and the
end, and that between the end and the roof cutting line of
the support. These two junction positions are most vul-
nerable to damage. New suspended plates in the shape of
curved triangles will form at the front end with the pro-
ceeding of the working face. Therefore, it is the periodic
collapse that continuously forms new suspended roof
plates in the shape of curved triangles.

When the roof hanging arch distance in the curved
triangle area is excessively large, the danger of the sudden
collapse of roofs in large area will increase. And the dead-
end ventilation corner will occur at the back of the end,
the supporting pressure borne by the coal pillars at both
sides of the goaf will increase. At the same time, the sta-
bility of the coal pillars will reduce, thus influencing the
stability and maintenance of rocks surrounding the road-
ways nearby, and hazards such as air leakage will occur in
the face. The following conclusions regarding the prob-
lems mentioned above were acquired in the research:

1. The conditions for the formation of the curved tri-
angle area at the end of the mining roadway are ana-
lyzed, and the maximum roof hanging arch distance in
the curved triangle area is calculated, as shown in the
following formula

2
I _h 4R, tan‘o

bl
max gcosa 3
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whena=0; L, =2h ﬁ
q

2. If the bolt support for bolt roofs in the curved tri-
angle area fails to be released, both the roof hanging
arch distance in the area and the supporting pressure
borne by the surrounding coal pillars will increase. Cor-
respondingly, if the roof support in the curved triangle
area can be effectively released, then both the roof hang-
ing arch distance in the area and the supporting pressure
borne by the coal pillars will decrease.

3. The supporting pressure borne by protective coal
pillars surrounding the curved triangle area can be ex-
pressed by the following theoretical formula

\/Eqa +%(oqa2

R=k
E e’
which can supply a theoretical basis for the design on the
width of protective collars.

Acknowledgements. Supported jointly by the Key
Technology R&D Program of Shanxi Province, China,
(Grant No. 20121101009-03) and the Natural Science
Fund of Shanxi Provi, China, (Grant No. 2014011044-1).

References.
1. Kang, H. and Wang, J., 2007. Coal Mine Bolt Support
Theory and Packaged Technology, Coal Industry Press.
2. Xiao, T. and Bai, J. 2011. Development Status of High
Pre-stress Bolt Support Theory and Technology. Coal
Technology, 30(2), pp. 79—81.
3. Shao, G., 2009. Technology and Control on First
Roof Caving at Fully Mechanized Coal Face with Hard
and Massive Roof. Coal Technology, 28(10), pp. 95—96.
4. Xu, C., 2012. Study on Technology for Controlling Sur-
rounding Rocks in Soft Coal Seam with Great Mining
Height Under Complex Geological Conditions. Taiyuan,
Taiyuan University of Technology.
5. Yang, P. and Liu, C., 2012. Structure and Reasonable
Support Parameters of Basic Roof at the End of Fully
Mechanized Caving Face. Mining and Safety Engineer-
ing Journal, 29(1), pp. 26—32.
6. Xiao, Y., 2010. Study on Structural Stability at the
End Area of Fully Mechanized Caving Face, 19(2),
pp. 83—88, 103.
7.Xu, Y., 2006. Mining Science. Xuzhou: China Mining
University Press.

Meta. OOrpyHTYBaHHSI apOYHOTO KPIiTUIEHHS T0-
KpiBJli B 32001 MJ1aCTOBOI BUPOOKY Ha AISHII 3iTHYTOL
TPUKYTHOI MOBEPXHi MEPEPOIIMOALTY TUCKY B MACUBI.

MeToauka. BukopucToByour MeXaHiuYHUI aHai3 i
MaTeMaTU4YHi PO3PaxXyHKH, OTpUMaHA MaKCHUMAaJbHO
MOXKJIMBA BiICTAaHb KPIiIlJIEHHSI CKJICTIiHHSI BUPOOKU i
3HAYEHHS 0IATKOBOTO TUCKY B MacCUBi, IPUKIIAICHO-
ro 10 3amo0iXKHUX LUIJIMKIB Ha TPUKYTHIl MTOBEPXHi.

PesyabraTi. YcraHoBlIeHa MeXaHiYHa MOJENb Kpi-
TUIEHHST CKJICTIiHHS TIJ1acTOBOi BUpoOKU. IIpoaHanizo-
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BaHi MeXaHi4Hi YMOBM YTBOPEHHSI TPUKYTHOI 00JacTi
nepepo3roaily Tucky. Po3paxoBaHi MakcuMasbHi 3Ha-
YeHHsl BiJCTaHI 3aKjaJeHHS CKJIEMiHHSI Ha BUTHYTIi
TPUKYTHI nosepxHi. [IpencrasieHa 3ajexHiCTb, 1110
MMOKAa3y€e BilMOBIAHICTb MiX Hee(EKTUBHICTIO KPiIJIeH-
HSI BUPOOKM Ta HECYYOI0 TUCKY BYTiIbHMX LITUKIB, SIKi
OTOYYIOTh BUTHYTY TPUKYTHY MOBEPXHIO B MACUBI.

HaykoBa HoBusHa. Po3po0GiieHa meToauka pospa-
XYHKY OITOPHOTO TUCKY, 1110 CIIPUHAMAETHCSI 3aXUCHU-
MU BYTUIbHUMM LJIMKAMU, SIKi OTOYYIOTh YTBOPIOBaHY
B MacCHBi TPUKYTHY TTOBEPXHIO.

IIpakTuyHa 3HAYMMICTB. K110 MiCJI51 BCTAHOBJIEHHS
KpiIJIeHHSI BUPOOKU OIOpa CKJIEITHHS Ha BUTHYTIN
TPUKYTHIil TTOBEPXHi CTa€ Hee(EKTUBHOIO, TO HEOOXIiI-
HO 3MCHIIUTU BiACTaHb BCTAHOBJICHHSI OITOPHOIO
CKJICITiHHSI, SIKUI HeCe TUCK 3aXUCHUX BYTiLIbHUX LK -
KiB, 110 IO3BOJISIE TIPOEKTYBATH iX PO3MipH.

Kimouosi coBa: waxma 3 eucokor 3aeazosaricmro,
BUSHYMA MPUKYMHA NO8EPXHS, HeeheKMUGHICMb Onopu,
MexaniuHa modens

Hean. O6ocHOBaHME APOYHOTO KPETUIEHUST KPOBIIU
B 3a00€ TJ1aCTOBOI BHIPAOOTKM Ha Y4acTKe M3OTHYTOM
TPEYTOJBbHOI MMOBEPXHOCTU TIepepacIipeie/ieHIs TaB-
JIEHWSI B MaCCHBE.

Metomuka. Mcrmonb3ysas MeXaHWYECKMIT aHaIu3 W
MaTeMaTUYeCKHUE PacyeThbl, IOJIY4EHO MAKCHUMAaIbHO
BO3MOXHOE PACCTOSIHUE KPEILICHUS CBOJIa BIPAOOTKM
Y 3HAYECHUsI JOIOJHUTEIBHOIO NaBJICHUsI B MacCUBE,
MPUJIOKEHHOIO K IPEIOXPAaHUTEIbHBIM 1IEJIMKAM Ha
TPEYTOJIbHOM TTOBEPXHOCTH.

Pesyabratbl. YcTaHOBJIEHA MeXaHUYecKask MOJETb
KpeTuIeHUsT CBOJIa TIaCTOBOM BbIpaboTku. [TpoaHanu-
3UPOBAHBI MEXaHUUYECKME YCITOBUST 0Opa30BaHUs TPEY-
TOJLHOW 00MacTU TiepepacnpeesieHUs] aBJIeHUs.
PaccuntaHbl MakCHMaJlbHble 3HAYEHUSI PACCTOSTHUS
3aJI0XKEHUSI CBOJA HA U30THYTOM TPEYrojbHOM IOBEPX-
Hoctu. [IpencraBieHa 3aBUCMMOCTD, IMOKAa3bIBAOLLAsI
COOTBETCTBME MeXAy Hea((PEKTUBHOCTHIO KPETU BbI-
pabOTKM M HECYIIEro IaBJACHUS YTOJIbHBIX LIEJUKOB,
OKPYKaIOIIEro N30rHYTYIO TPEYTOJbHYIO ITOBEPXHOCTD
B MaccCuBe.

Hayunas HoBusHa. Pa3paboTaHa MeToauKa pacyeTa
OIOPHOTO JIaBJIeHMsI, BOCIIPUHUMAEMOTI'O 3aIllIUTHBIMU
YTOJBHBIMU LIEJIMKAMM, OKPYKAIOIIUMK 00pa3yeMyio B
MacCHBE TPEYTOJbHYIO TOBEPXHOCTb.

IIpakTuyeckas 3nauumocTb. Eciiu rociie ycTaHOBKU
KpEIJICHUST BBIPAOOTKM OIIOpa CBOJA Ha M30THYTOM
TPEYToJIbHOI IMOBEPXHOCTU OKa3biBaeTcss HeahdeK-
TUBHOM, TO HEOOXOAMMO YMEHbLIIUTh PACCTOSHUS
YCTAaHOBKU OIIOPHOTO CBOJA, HECYILIEro IaBJcHME 3a-
UIMTHBIX YTOJIbHBIX LIETUKOB, YTO TTO3BOJISIET MPOESKTHU-
pOBaTh UX Pa3Mephl.

KitoueBble cJI0Ba: waxma ¢ 6biCOKOU 302a308AHHO-
CMbI0, U30SHYMASI MPEY20AbHAS NOBEPXHOCMb, Heapgek -
MUBHOCMb ONOPbL, MEXAHUYECKAsl MOOeAb
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