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STUDY ON THE INTERACTION OF THE ROCK MASSIVE AND SUPPORT
SETTING OF TUNNELS

Purpose. Studying the behaviour of underground working and specifying the design of its support. Modelling of a tunnel is
done in the three-dimensional problem statement due to the interaction between the mine rocks and excavation support.

Methodology. The study on the interaction between an excavated massif and excavation support was conducted using the
convergence-confinement method. Moreover, methods were used developed to determine the factors intervening during the inter-
action of the rock and support and to establish a structural flowchart for the conduct of the tunnel. Two methods are used for defin-
ing the factors of interaction of the rock and support. They are computational analytical convergence-confinement method and
numerical method based on Plaxis?” software.

Findings. Based on the results of the simulation at (PK-0 + 625) we can claim that the support with dimensions of 0.75 to
1 m + along with shotcrete with a thickness of 0.2—0.3 m, whose parameters are proved empirically, is reliable. Yielding of the
construction recorded in the tunnel also testifies to the reliability of this support.

Originality. The results obtained through the empirical method show that the proper support should correspond to type S3.

Practical value. The results of the numerical simulation correspond to the data of the maximum vertical displacement,
which makes 4.18 - 10~ m for the bed rock. This will allow obtaining possible decrease in tunnel outline, which makes prop-
erly 2.7 - 10 m with a floor heave of 0.75 - 10~ m and the field of horizontal displacements of the order of 1.45 - 10 m. As a

result of the research, the problem of mass displacement is solved with higher technical and economic efficiency.
Keywords: funnel, convergence-confinement, interaction, solid mass behaviour, support, Plaxis*"

Introduction. The convergence-confinement calculation
has the main purpose to study the behaviour of an under-
ground construction and to size in first approach its retaining
structure or its coating. It corresponds to the method of the
same name developed by Champagne De Labriolle. G. [1]
and is resumed in the recommendations of the AFTES [1, 2].
The modelling of a tunnel must take into account two essential
elements; these are a three-dimensional problem due to the
presence of the front of the size and a problem of interaction
for which the coupling between the ground and the retaining
structures is important.

By convention, this fictitious pressure is noted 6. The ini-
tial state ahead of the front and at a sufficient distance to ne-
glect its influence corresponds to A (the rate of decontain-
ment) = 0. As the digging is closer to the section considered,
then exceeds it and moves away, A progressively increases from
0to 1.

The Convergence-Confinement method makes it possible
to deal with the case of circular tunnels, achieved in a homo-
geneous isotropic mass [1, 3]. The characteristic curve of the
ground is defined according to the formula of M. Panet [1],
established for a perfect elastoplastic medium of the Mohr-
Coulomb type.

The convergence-confinement also method makes it possi-
ble to reduce a two-dimensional plane deformation calculation
in a plane perpendicular to the tunnel axis, assuming that every-
thing happens as if the convergence was due to the decrease in a
fictitious support pressure with the distance of the face of size.

From ground characteristics, support characteristics and
flight length (distance not supported d), it is possible to deter-
mine the displacement of the ground at the installation of the
support uso and the rate of deconfinement Ad corresponding
to it by five methods:

1. Similarity of Corbetta [4].

2. Similarity of M. Panet [1].

3. Conventional implicit method according to the method
presented by M. Panet [1].

4. New implicit method according to the formulation pre-
sented by Bernaud and G. Rousset [4].
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5. New implicit method of Nguyen Minh and Guo [4] ac-
cording to the formulation presented in the AFTES recom-
mendations |2, 4].

The balance of the massif is reached at the intersection of
the curves of the ground and the support. The values of A, uy
(the convergence of the wall) are calculated, as well as the
pressure applied to the support-lining for this intersection,
and the safety factor of the retaining-lining is displayed.

In this work, we have developed an explicit solution for
massive rock-support interaction for a tunnel in anisotropic
environment. Two methods of computational convergence-
confinement method and software numerical method Plaxis?®
were used to determine the factors of the interaction of the
rock-retaining mass and to choose the support used.

Description of the layout. The layout, crossing the histori-
cal zone of Algiers, includes a tunnel in all its extension and
includes 2 underground stations (Ali Boumendjel and Place of
the Martyrs). Thus, there are 4 principal wells (PV1), (PV3),
as well as the Southern and Northern wells of Ali Boumendjel
Station. These wells constitute the faces affected by the under-
ground work, except for the PV3 and the Northern Well of Ali
Boumendjel Station. The tunnel is developed at 1453 m and
consists of 3 principal parts; the extension and localization are
indicated as follows:

- the part situated within —0 + 594 381 km and 0 + 181 121 km
of an extension of 413.26 m, ranging between the terminus of
the tunnel (in the North) and the Place of the Martyrs Station;

- the part situated within —0+21 120 km and 0 + 643 613 km,
664.73 m of extension, ranging between the Place Of The Mar-
tyrs Station and Ali Boumendjel Station;

- apart situated within 0 + 799 331 km and 1 + 145 594 km,
346.26 m extension, ranging between the Ali Boumendjel Sta-
tion and the Ventilating well 3.

Our work goes on the project of execution of the prolonga-
tion of the subway tunnel between the terminus of Extension A
Line 1, located close to the PVI (Place Emir Abd-el-Kader —
Place of the Martyrs) and the Taleb Abderrahmane Station,
which belongs to the Subway of Algiers.

The section under analysis, of an extension of approxi-
mately 150 m, will be affected starting from the terminus of
Extension A.
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General geology. The area of Algiers can be represented in
a simplistic form like a metamorphic primary dome, indicated
by solid mass of Algiers, which is bordered by tertiary and qua-
ternary sedimentary formations. The metamorphic formations
recognized along the layout of this extension of the tunnel pri-
marily consist of schists with sericites, with intercalation of
lenticular metamorphic limestone levels. By basing on the
geological map of Algeria on the scale 1/50 000, and by the
observation of drill-cores, it was possible to individualize the
following geological units:

Recent formations. E-Embankments of 1.0 and 2.5 m and
A-Alluvium of 3.4 to 7.8 m.

Metamorphic rocks. S-Schist with sericites, with intercala-
tion of lenticular level of metamorphic limestone. It was pos-
sible to distinguish two different geotechnical horizons; the
first is more superficial indicated by Sa, the second above the
first, indicated by Sh.

Sa. It consists of much deteriorated schist of broken up
and closed fractures, frequently presenting intercalations of
argillaceous levels with small schist fragments, produced by
the deterioration of the schistous solid mass. The thickness of
this horizon varies between 5.0 and 12.0 m.

Sb is primarily made of fairly deteriorated schist with some
passage of a little deteriorated and of a close fracture fairly
moved away; we often find the presence of clay, which indi-
cates to water circulation in-depth.

Application of the convergence-confinement method. Con-
vergence. Table 1 represents the parameters used for the calcu-
lation of the convergence in the walls of the tunnel.

1. e. the bringing together of the walls of the tunnel:

- shearing modulus G = 269 230.77 kN/m?;

- resistance in compression of the solid mass
GC .

6, =460 kN/m?% So &> 5

- coeflicient of thrust K, = 5.29;

- the rate of decontainment at the end of the elastic phase
. =0.81;

- the radial constraint corresponding at the end of the elas-
tic phase to oy, = 115.39 kN/m?;

- convergence with the interaction of the characteristic
curve of the ground in elastic ehavior and of the axis of con-
vergence in wall Ugy=5.63 - 107 m.

If the ground remains in the linear elastic range, the final
displacement will be 5.63 mm:

- convergence at the end of the elastic phase Uy, = 4.5 x
x 107 m;

- calculation of displacements U in the plastic zone:

R, according to A by the relation of Panet [1].

Knowing a =1 (Table 2).

Moreover, there is another factor which mostly affected
many sites which must be taken into account in this study: the
decompressed zone leads to a curve of different characteristics
of ground pier and vault (Fig. 1).

Confinement. To calculate the convergence acquired by the
wall at the time of the installation of support setting, we use the
formulations of M. Panet (Principle of the similarity) [1, 4]:

Table 1

The parameters used for the calculation of the convergence in
the walls of the tunnel

The radius of the excavation (R), m 5.12
Initial constraint (c,), kN/m? 592.85
The cohesion of the ground (C), kN/m? 100
The internal friction angle, ¢° 43
Young modulus (£), kN/m? 700 000
The Poisson’s ratio (v) 0.3

Table 2
Various values of curved convergence-confinement
A R,(M)/R o [kPas] un)
0.00000 0.766 592.85 0.00000
0.57000 0.893 254.93 0.00362
0.61070 0.907 230.80 0.00374
0.65140 0.923 206.67 0.00387
0.69210 0.940 182.54 0.00401
0.73280 0.960 158.41 0.00418
0.77350 0.981 134.28 0.00437
0.81420 1.006 110.15 0.00459
0.85490 1.034 86.02 0.00485
0.89560 1.066 61.89 0.00516
0.93630 1.105 37.76 0.00554
0.97700 1.153 13.64 0.00604
1.00000 1.186 0.00 0.00638
constraint [kPas]
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Fig. 1. Taking into account the effect of gravity in the calculation
of the characteristic curve of the ground

- the assumption of application of the method is checked
N,=2.57<5;
with U, radial displacement with the face of the tunnel (U, =
= Ugo)-
Up=3-10"m;

while respecting the following condition
Uy > 0.265 - Ugy;
Ugy>1.48-1073 m;

- stiffness of the hanger;
- the stiffness of the hanger K. (KPa)

K.=222.71 KPa;

- maximum pressure of the hanger HEB 160
Oemax= 0.25 MPa;

- displacement of the hanger HEB160

U,=5.910" m;
- thickness of shotcrete, e
with yb (voluminal weight) = 25 kN/m*:
feag (compressive strength in 28 days) = 25 MPa;
2cm<e’ <4 cm, we take e’ equal to 4 cm;

¢'' before installation of the shotcrete, a layer of 3 cm is made to
adjust the shape of the vault (legalization layer), so e =22 cm;
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Table 3
Characteristics of the hanger HEB 160

Hanger HEB 160

The modulus of elasticity / (MPa) 210 000
The section of the hanger A4, (cm?) 54.30
Spacing e (m) 1

The radius R (m) 5.12

The resistance of the steel o, (MPa) 240
Stiffness of the hanger K, (KPa) 222.71

I, (m*) 107%-0.005696
EA.(KN/m) 10°- 1.14
ET(KN.m?/m) 10%-5.233

- the stiffness of the shotcrete K,= 0.45 MPa;

- maximum pressure of shotcrete 6, = 0.62 MPa;

- displacement of the concrete U, =7 - 107 m;

- maximum support pressure P, (concrete + hanger)

P, Of retaining (concrete + hanger) = 6, max + Gpmaxs

G.max (hanger) =222.71 KPa;
O max (cOncrete) = 608.72 KPa;
P, (hanger + concrete) = 831.43 KPa;
Prax> 003
- displacement of supporting (hanger + shotcrete)
U,,=632-10"2m;

- final displacement of support U=9.32- 1073 m.

Fig. 2 represents the convergence-confinement curve and
the equilibrium point obtained by the intersection of conver-
gence and containment characteristic curves.

The point of balance obtained by the intersection of the
characteristic curves of convergence and confinement

U,=4.2-10"mand o, = 161 kN/m?”.

Validation of support setting by PLAXIS?® software. The
main objective of this study is to evaluate the soil-structure in-
teraction during tunnel digging by the NATM method in a nu-
merical simulation of bidimensional tunnel digging. To
achieve this result, two-dimensional numerical simulations
were conducted in parallel [5].
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Fig. 2. The convergence-confinement curve and the equilibrium
point obtained by the intersection of convergence and con-
finement characteristic curves

The calculation code, which was used for this analysis, is
Plaxis®® [6, 7].

The NATM method dates from the late thirties. It has
proved to be effective and can limit the decompression of land
in the vicinity of the excavation [8]. This method is character-
ized by the following [9, 10]:

- the establishment, as quickly as possible, of a deformable
support consisting of, on the one hand, bolts that arm the
ground and, on the other hand, a layer of shotcrete;

- the purpose of this support is to guarantee the stability of
the excavation by creating a carrier ring, constituted by the
armed ground;

- the excavation is done in a full or half section and sometimes
in a divided section in order to put the support in place quickly;

- the sealed anchors (mortar or resin) create an armed
vault in the ground;

- a thin shell of shotcrete (5 to 25 cm), generally reinforced
with welded mesh, protects the ground against the alteration,
creates continuity between the elements of the ground, brings
a radial pressure of confinement and distributes the forces re-
ported to the head anchors;

- optionally, light slider vaults strengthen the hull of the
shotcrete;

- the set, therefore, allows the ground to participate in
the support because of the formation of a monolithic vault
(pavement + ground) The terrain thus becomes self-sup-
porting.

The results obtained by the empirical methods remain very
vague as regarding the dimensioning of the solutions; their use
will have to be considered as a process of pre-dimensioning
which will have to be validated and supplemented by recourse
to pushed numerical analyses. For the realization of these
analyses, we will resort to the Plaxis’® software; the constitu-
tive example chosen to model the behaviour of these forma-
tions is Mohr-Coulomb [2, 5].

This includes a perfectly plastic elastic behaviour; it pres-
ents as a major advantage the fact of being the most common-
ly used model in the simulation of geotechnical works, which
allows the experienced user a greater ease in the interpretation
of its behaviour; the massif will be discretized by resorting to
triangular elements of 15 points.

Digital simulation (km No —0 + 625). Characteristics of the
temporary support type S3. The support to be applied around
the section consists of HEB160 hangers, moved away by 1.0 m,
associated with 25 cm of shotcrete including an electro-welded
mesh (1.96 cm?/m).

The subsequent application of a 3 cm layer of projected
concrete will be used to regularize surface, giving a total thick-
ness of 28 cm of projected concrete.

A.1 — Projected voluminal weight (Table 4):
— voluminal weight: y = 24 kN/m?;
— young modulus: £, = E, =10 000 MPa;
— Poisson’s ratio: v=10.2;
— the thickness of the concrete: e = 0.28 m.

A.2 — Hanger HEB 160 (Table 3).

A.3 — Combination (projected concrete + HEB160 hang-
er): (Table 5) shows the characteristics of the superstructure
according to the combination (projected concrete + hanger
HEB160).

Design of the Model. Geotechnical characterization. The
Q-system also makes it possible to define the support mode to
put in place, provided that we know the value of Q, the width
of the excavation and the function of the excavation.

From the analysis of more than 200 underground caverns
(mainly road and hydroelectric tunnels), Barton of the Nor-
wegian Geotechnical Institute (NGI), have proposed an index
for the determination of the quality of a rocky massif for tun-
nelling [10].

Quality index Q is determined by 6 parameters as follows

0= (R.Q.D/Jn). (Jr/Ja). (Jw/SRF).
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Table 4
Characteristics of shotcrete

Shotcrete C 25/30
The modulus of elasticity £ (Mpa) 10 000
The thickness e (m) 0.22
Poisson’s ratio v 0.2
The stiffness K, (Mpa) 0.45
Maximum pressure ., (Mpa) 0.60
A (m?) 0.28
I (m?) 1073+ 1.82
D 1
EA(KN/m) 106-2.8
EI(kN.m?/m) 10*- 1.8293

Table 5

Characteristics of the superstructure according
to the combination (projected concrete + hanger HEB160)

Parameter Name Value Unit
Type of Conduct Type Material Elastic —
Normal stiffness EA 1.38 - 107 kN/m
Bending stiffness EI 2.35-10% kNm?/m
Equivalent thickness d 0.143 m
Poisson coefficient n 0.2 -

Three classes of rocks with more or less distinct character-
istics were selected:

CRI1, CR2 and CR3 to which three Geotechnical horizons
correspond (Table 6).

Rock class CR1 Horizon Sb; Description: altered
schists (W3), with slightly altered passages (W2), and close to
medium-distant fractures (F4-3); GSI34 to 52; Quali-
ty of the solid mass: reasonable; Resistance of the intact rock
40 and 80 MPA, average resistance values of the order of
60 MPa; g (kN/m’) 28.

Rock class CR2 Horizon Sa; Description: highly altered to
decomposed schists (W4-5) and very close-fractures (F5);
GSI123 to 34; quality of the solid mass: reasonable to low resis-
tance of the intact rock: 15 and 30 MPa; y (kN/m?) 25.

Rock class CR3 Horizon Sa; Description: materials of de-
terioration of the schists; GSI10; Quality of the solid mass:
very low; resistance of the intact rock: 5 MPa; v (kN/m?) 21.

For tunnel extension, starting at PK 29 + 405 and ending
at PK 29 + 255 next to Taleb Abderrahmane Station, the pa-
rameters of calculation of the rock classes were distributed

for the representative kms: km 29 + 300 (profile B) and km
29 + 375 (profile C). In a general way, the tunnel will cross a
solid mass made up of Schist with sericites, including len-
ticular intercalations of metamorphic lime stone levels
mainly out of schist fairly not very altered (W3-2) and very
moderately fractured (F4-3), which corresponds to the geo-
technical unit Sb, with a passage from the geotechnical unit
Sa, very altered schist to decomposed (W4-5), and very
fractured (F5); the water levels detected by the piezometers
are between 29 and 30 m of depth. Along the development of
the tunnel, covering is about 25 m.

For our model, boundary conditions will be defined as
typical fixations for this type of the problem, i. e. blocked hori-
zontal displacements at the lateral ends of the model and verti-
cal and horizontal displacements prevented at the base of the
model. The borders of the model will be defined with a suffi-
cient distance from the area concerned by the tunnel, so that
the effect is not felt in the conduct of the model. The threading
elements are not taken into account in the calculation of the
developed models for the pre-dimensioning of the supporting
set in the preliminary draft. These elements are considered not
to relate to dimensioning sufficiently close to reality and they
work as protection of the roof during the excavation and instal-
lation phases of metal hangers.

Generation of the mesh. The model of reference is done by
elements with 15 nodes. The number of elements is 314 ele-
ments and the number of nodes is 2677 knots. The mesh is
presented in (Fig. 3).

Executive phasing includes [5]:

Phase 0. Generation of the initial state of constraint
through the loading of the gravity.

Phase 1. Excavation of the upper half-section, with a de-
containment coefficient of 40 %.

Phase 2. Installation of the shotcrete support of the upper
half-section.

Phase 4. Excavation of the Stross with a decontainment
coefficient of 60 %.

Phase 5. Execution of the final raft.

Results obtained. Vertical displacements. Fig. 4 shows the
vertical displacement field obtained in the final phase of
computation making approximately 4.18 - 1073 m on the lev-
el of the keystone, from which the occurrence of reduced
subsidence at the surface can be predicted, of the order of
2.7 - 107 m with a lifting of the raft 0.75 - 107> m.

Horizontal displacements. Fig. 5 represents the field of hor-
izontal displacements in the (X-X) direction with a maximum
displacement of the order of 1.45 - 10 m.

Deformations at the tunnel level. Fig. 6 shows the deforma-
tions at the vault, raft and piers (the tunnel elements).

Conclusion. Based on the results of the simulation at
(PK-0+ 625) we can claim that the support with dimensions of
0.75 to 1 m + along with shotcrete with a thickness of 0.2—
0.3 m, whose parameters are proved empirically, is reliable.
The proper support should correspond to type S3 (HEB 160
hanger with a spacing of Im + shotcrete with a thickness of

Table 6
The geotechnical parameters used to calculate the vertical and horizontal displacements of the model
Rocky Classes CR1 CR2 CR3 Embankments
- Non-disturbed disturbed - — -
v (KN/m?) 28 28 25 21 18
o (%) 52 48 48 (profile B) 32 30
43 (profile C)
¢ (kPa) 350 250 90 (profile B) 10 5
100 (profile C)
E (GPa) 35 1.5 0.7 0.1 0.015
Ky 0.8 0.8 0.6 0.5 0.5
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Fig. 6. The deformations at the level of the vault, the raft and
the piers

0.28 m). The convergences recorded at the level of the tunnel
testify to the reliability of this support.
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JlocaiKeHHs B32€MO3B’SI3KY MiXK TipChKUM
MAaCHBOM i KpIIUICHHSIM TYHEJIiB

. €. Byoacaan', A. Xagpeayi', A. Aicei®
1 — JIaboparopist MiHepaJTbHUX PeCypCiB i pO3BUTKY, YHiBep-
curetr bamki Moxtap, M. AHHa0a, Akup, e-mail:
djameljimi28@gmail.com
2 — JlabopaTopist TipHU4Oi CITpaBU, METAIyprii Ta MaTepiaiB,
HauioHanbHa ripHuyo-MertanyprifiHa iikosna, M. AHHa0a,
AKup

Meta. BuBUeHHS MOBEOiHKM MMiA3eMHOI BUPOOKHU 1 BH-
3HAYEHHSI KOHCTPYKIIii ii KpirjeHHs. MoetoBaHHS TyHEJ0
BUKOHAHO B OO’€MHIli MOCTaHOBIII 3aBIaHHS 4epe3 HasiB-
HICTbh B3a€EMO/Iii MiX TipCBKMMM MOPOJAMU Ta KPIilJIEHHSIM
BUPOOKHU.

Metonuka. JlocnimkeHHsT B3aEMO/Iil MiXK MacHUBOM Tip-
CbKHUX MOPif i KPIMJEHHSIM TipHUYO01 BUPOOKHU MPOBOAWIMCS
METOIOM HaOJIKeHb i oOMeXeHb. TakoX BUKOPUCTOBYBA-
JINCS METOIM, 1O pO3POOJIEHi Uil BUSHAYEHHSI TEPELIKO-
IKaKOTh (PaKTOPiB, SIKi BUHUKAIOTh y MPOLIECi B3aEMOIii Ma-
CHUBY Ta KpiIUIEHHSI, i pO3pOOUTH CTPYKTYPHY CXeMy MpOBe-
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JIeHHs TyHemo. JIist BusHaueHHs (paKToOpiB B3aEMOIil MacH-
BY Ta KpiTUIEHHSI BAKOPHCTOBYIOThCS 1Ba MeTonu. Lle o6umc-
JIIOBAJIbHUM aHATITUYHUI METON HAOJIMKEHb Ta OOMEXEHb i
YUCEJIbHUI METOM, 3aCHOBAaHMI Ha MporpamMHoMy 3abe3rie-
yeHHi Plaxis®P.

Pesynbratn. Ha mincraBi pesynbTaTiB MOJEIIOBAHHS
(PK-0 + 625) MoHa CTBep/DKYBaTH, 1110 KPIiTUIEHHST pO3Mi-
poM Bim 0,75—1 M CIiJIbHO 3 TOPKPETOETOHOM TOBIIMHOIO
0,2—0,3 M, nmapameTpu SIKOro OOIPYHTOBaHi €MITipUYHO, €
HaniitHoto. [TinnaTauBicTh KOHCTPYKIIii, 3apeecTpoBaHa B TY-
HeJli, TAKOX CBiTYUTD MPO HAMIHICTh TaHOTO KPITlJIEHHS.

HaykoBa HoBu3Ha. Pe3ynbraTi, oTprMaHi 3a TOIOMOTOIO
eMITipUYHOTO METO/Y, TTOKAa3yI0Th, 1110 BiMOBiIHE KPIiTIeH-
HsI TOBMHHO BiIoBizaT kjiacy S3.

IIpakTyna 3HauyumicTh. Pe3ynbraty yucesnbHOro Moze-
JIIOBaHHS BiAMOBIAAIOTh TaHUM MaKCUMaJIbHOTO BEPTUKAJIb-
HOTO 3CYBY, 1O CTAHOBUTb 4,18 - 107> M 1711 KOPiHHUX MOPif.
Lle mo3BoJIsSIE OTPpUMATH MOXKIIMBE 3HUXKEHHSI KOHTYPY TyHe-
JI0, 110 CTAHOBUTbH 01M3bKO 2,7 - 1073 M mpu o6AMMaHHi
rpyHty 0,75 - 1073 M i 06;1aCTIO FOPU3OHTAIBHOTO 3MilLEHHS
npubausHo 1,45 - 1073 M. V pesysnbTaTi BAKOHAHUX JOCTTi-
IKEHb PO3B’s13aHO MPOoO0JIeMy 3CYyBiB MAacHUBY 3 BMIIOIO TEX-
HIYHOIO Ta EKOHOMIUHOI0 €(DEKTUBHICTIO.

KmiouoBi cioBa: myrens, HabaudicenHs ma oOmedceHHs,
63aem00is, nogedinka macusy, kpinaenns supobku, Plaxis®™®

HccnenoBanue B3aMMOCBSI3H MeXK/IY TOPHbIM
MacCHBOM M KpeIlleHHeM TYHHeJei

. E. Byoxcaan', A. Xagpcayu', A. Auccu?

1 — JIabopaTopust MUHEpaAIbHBIX PECYPCOB U Pa3BUTUSI, Y HU-
BepcuteT bamxku Moxrtap, r. AHHaba, Aykup, e-mail:
djameljimi28@gmail.com

2 — JlaGopaTopust TOPHOTO nejia, METAJLTYPTUM U MaTepua-
JoB, HamumoHanbHas TropHO-MeTaTypruyeckasl —IIKoJa,
r. AHHaba, AJKUp

Leas. M3yyeHue noBeneHUs: MOA3EMHOM BbIPaOOTKU U
orpeesieHe KOHCTPYKIIMU e€ KpeIuteHus. MoaempoBaHue

TOHHEJISI BBITIOJTHEHO B 00BEMHO MTOCTAHOBKE 3a1a4M 1U3-3a
HaJIMYUST B3aMMONICUCTBUSI MEXIYy TOPHBIMU TIOpOAaMU U
KperuIeHeM BBIPabOTKH.

Metoauka. McciaenoBaHue B3auMOIeCTBUS MEXITy Mac-
CHBOM TOPHBIX TOPOJ U KpEIJIeCHHWEeM TOPHOM BBIPAOOTKHU
MPOBOIMJINCH METOAOM TIPUOIMKEHWI W OTrpaHMYCHUIA.
TakKe MCITOTh30BAIMCH METOIBI, KOTOPBIE pPa3paboTaHbl ISt
oIpeneIeHUS MPEISITCTBYIOIINX (DaKTOPOB, BO3HUKAIOIIIMX B
Mpoliecce B3aUMOJICHCTBUAS MacCHBa U KPEIH, U pa3paboTaTh
CTPYKTYPHYIO CXeMY MpOBeAcHUsI TOHHeNs. [Iist onpenese-
HUST (HAKTOPOB B3aMMOAEICTBUS MacCHBa M KPEIU UCITOTb-
3YIOTCS IBa METOAA. DTO BBIYMCIUTEIbHBIN aHATUTUYCCKUI
METOJI MPUOIMKEHUIM M OTpaHUYCHUI U YUCJICHHBIN METO,
OCHOBAHHBII1 Ha MporpaMMHoOM obecrieyeHun Plaxis??

PesynbraTel. Ha ocHOBaHMM pe3yJbTaTOB MOIEIMPOBA-
Hust (PK-0 + 625) MOXHO yTBepKIaTh, YTO KPEIlb pa3MepOM
ot 0,75—1 M COBMECTHO C TOPKPETOETOHOM TOJIILMHOM 0,2—
0,3 M, mapamMeTpbl KOTOPOit 000CHOBAHBI SMITUPUYECKU, SIB-
JigeTcsl HanexHoil. ITogaTauBOCTh KOHCTPYKLMU, 3aperv-
CTPUPOBAHHAs B TOHHEJE, TAKXKe CBUIETEIbCTBYET O HalEX-
HOCTHU TAaHHOTO KPETIJICHHUS.

Hayunaa HoBu3Ha. PesynbTaThl, MOJTYyY€HHBIE C TTOMO-
IIBI0 SMIIMPUYECKOTO METOHIa, IMOKAa3bIBAIOT, YTO COOTBET-
CTBYIOILLIEE KPEIJIEHME I0JKHO COOTBETCTBOBATh Kj1accy S3.

IIpakTHyeckas 3HAUMMOCTb. Pe3yJIbTaThl YUCICHHOTO MO~
JIeTMPOBAHUSI COOTBETCTBYIOT JaHHBIM MaKCUMAaJIbHOTO Bep-
TUKAJIBHOTO CMEILEHUsI, 4To cocTasisieT 4,18 - 107 M mis
KOPEHHBIX IMOPOIA. DTO TO3BOJISIET MOJYYUTh BO3MOXKHOE
CHIDXEHUE KOHTYpa TYHHEJIsI, KOTOPOE COCTABJISIET MOpsIIKa
2,7 - 107 M npu nyyenuu noussl 0,75 - 1073 M 1 061acThIO
TOPU30HTAJIBHOTO cMelleHus nopsiaka 1,45 - 10 M. B pe-
3yJIbTaTe BBIMIOJHEHHBIX MCCIEIOBAaHMI pellleHa MpobdiieMa
CMelIeHUIT MaccuBa ¢ 00Jiee BbICOKOM TEXHUYECKOW U DKO-
HOMUYECKOM 3(D(HEeKTUBHOCTHIO.

Kiiouesble ciioBa: monHenb, npubaudiceHus U 0epaHuuerus,
63aumodeiicmaue, noeedeHue Maccued, Kpenv Gulpabomku,
Plaxis®”

Pexomendosarno do nybaikauii Paygpom Yaabis. Jlama nao-
xo0xucenHs pykonucy 18.12.18.
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