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New way of constructing the tunnel

Abstract: The design and construction of the tunnel surface requires
considerable time and cost. Therefore, improved methods of constructing the
surfaces of underground structures is an urgent task in the mine industry.
Everyone knows that the surface of the tunnel is a complex curvilinear surface,
which must meet the pre-determined requirements. The article presents a new way
of constructing the tunnel surface according to predefined conditions using the
biquadratic transformation of the plane, which allows one to describe the design
of each tunnel section by a single equation.

Key words: transformation, biquadratic transformations, graphical model,
tunnel, tunnel section.

1. Obtaining the section of the tunnel

The definition of the section of the tunnel surface can be
specified in various ways [1]. In the proposed method, the preimage
(curve n) undergoes a geometric transformation Lg, resulting in an

image (the desired curve n') [2]. In this case, the inverse image is
given by the equation:

X% =kq+m
where: k, m are constant coefficients.

The biquadratic transformation Lg is given by the equations:

X=X+ A
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where: X,/ x,’ - are the coordinates of the points of the image;
X1,X, - are the coordinates of the points of the preimage.

The equation of the obtained curve n/ is written in the form:

where: k, m - are constant coefficients.
2. Tunnel construction with given parameters

The essence of the transformation is as follows. We take several
points of the preimage n in correspondence, then each of these points
IS subjected to the transformation Lg. We find the sets of points,
smoothly joining which we obtained the curve n. In this case, the
shape of the curve n’ depends on the values of the coefficients m, k of
the preimage n.

The surface of the tunnel is formed, as a result of the
displacement of a flat curve of the fourth order (section) along the axis
of the guide curve.

Using the graphical model of the biquadratic transformation Lag,
the shape of the channel surface of the tunnel was constructed in the
following way:

1. The initial data for solving this problem is the axial line of
the channel surface of the tunnel and the laws of changing the
parameters of the cross sections a and b. Each cross-section of the n’
tunnel is a curve of the fourth order, obtained using the biquadratic
transformation Lg. The parameters a and b of each cross section are
determined from the formulas:

a=y(),b=y() 1)

where: | - is the distance from the start of the tunnel to the cross
section in question.

2. We use the biquadratic transformation Lg given by the
equations:
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Ny
K=\ % @

where: x, x - coordinates of the point of the pre-image; X x -
coordinates of the point of the image.

3. As a preimage, we take a straight line of general position n,
whose equation has the form:

X, =Kx;, +m, (3)
where: k, m - are constant coefficients.
4. Next we determine the coefficients k, m of the equation (3).
To do this, we use the properties of the biquadratic transformation Lg:
a) the inverse image point B and the image point B, have the

same height. The point B, is an outline point of the section .
Therefore, the point B of the preimage n has coordinates:

X, =0, (4)

X5 =al2. (5)

b) the point-inverse image of C is transformed into points-
images C,'=C;’ and C,’=C/, which lie on the axis O,. Point C; has

coordinates (b+c; 0). To point C,, there corresponds a point C, which
coordinates satisfy the condition:

X, =%, (6)

We determine the coordinates of the point C. From the course
of constructing the point C,’, we can obtain the following equation:

(b+0° =X +%, (7)

where: c=a/2
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Taking into account condition (6), from equation (7) we obtain
(b+0?=2x, and x =(b+c)’/2=x; . (8)

The inverse image of n passes through points B and C. Given
this, we compose the following system of equations:

al2=k-0+m,
{(b+c)/d§—k(b+c)/d§+m. ©)
Solving this system of equations, we get:
m=al2, (10)
k =1—(a(2b+a))/(2+/2). (11)

5. By inverting the n to the biquadratic transformation Lg, we
obtain the required section of the tunnel, which satisfies the
preassigned conditions. The algebraic equation of this section has the
form:

X+ x5 (k2+2)+(m/k) =0. (12)

where: - k, m are the pre-image parameters described by
equations (10) and (11).

The parametric equation of the tunnel cross section has the
form:

x; = yfx2 + (k¢ +m)?

, 13
xgz\/(kx1+m)—x12 (13)

_ b+c)? c . a a(2b+a)
where: x; — parameters ®*9 oy < ¢ -2 1
P 2 T2 2 242
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6. In a similar way, we construct any required section of the
tunnel surface under consideration.

7. The equation of the channel surface of the tunnel is written
as:

{)@ = ¢(x), w0

X =1

where: ¢(x;) - Is a function describing the contour of the tunnel
Ccross-section;,
lo - the distance from the cross section to the beginning
of the tunnel, x,"°%® < 1, <x*",

Conclusion

Thus, the proposed method of construction using a biquadratic
transformation makes it possible to obtain various classes of channel
surfaces and to determine the equation of the qroup of cross-sections
of the surface under consideration, which facilitates further geometric
calculations on a computer.
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TyHHeJb KOHCTPYKUUSICHIHBIH KaHA JICi

AnHoTtanusi: TyHHenbaep OCTiHIH TU3aifHBI MEH KYPBUIBICHI aUTapIIbIKTal
VaKbpIT TI€H IIBIFBIHABI Tanan erefi. COHIBIKTaH >KepacThl KYPBUIBICTAPBIHBIH
OCTTEepiH caybIH JKETUIIIPUIreH oMICTepl ITaxTa ©HEPKICIOIHIE 63€KTI Macele
Oonpin TaObaAbl. TyHHENIBAIH O€Ti anablH-alila OeNTiICHreH TananTapra cai
00JTyBI THIC KYPENi KUCHIK ChI3bIK OCTIH Olemi.

Maxkanana, op TYHHEIb KHUMACBIHBIH W3alHBIH Oip TEHJEY apKbUIbI
CUTIaTTayFa MYMKIHIK O€peTiH, )Ka3bIKTHIKTHIH OMKBaIpaT TYPJICHIIPYIH KOJIIaHa
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OTBIPBII, AJ/IbIH-a/Ia AaHBIKTAJIFAaH IApTTapFa COUKEC TYHHENb OCTiHIH KYPBUIBIMBI
YIIIiH )aHa 9JIC YCHIHBUIFaH.

Kiar ce3mep:  TypieHuipynep, OHMKBaApaTThIK  TYpICHIIpYIEp,
rpaduKaibIK MOJIENb, TYHHENb, TYHHEIb TUIIT.

AK. Eaﬁ;[a6eKOBl, D.A. KeMenb6ekopa’
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HoBblii ¢c10c00 KOHCTPYKIUM TYHHEJIS

AnHoOTanus: [IpoexkTnpoBaHuEe M CTPOUTEIBCTBO MOBEPXHOCTH TYHHENS
TpeOyeT 3HAYMTENBHOTO BpeMeHH U 3arpar. lloaToMy coBepIIeHCTBOBaHUE
METO/I0B KOHCTPYHMPOBAHHs MOBEPXHOCTEH MOA3EMHBIX COOPYKEHHU SIBISETCA
aKTyaJbHOM 3aJadeld B IIAXTOCTPOEHUU. BceM H3BECTHO, UYTO IOBEPXHOCTH
TYHHEJA SIBJSIFOTCSA CIIOHOW KPHBOJIMHEHWHOW MOBEPXHOCTHIO, KOTOpas JIOJKHA
COOTBETCTBOBATH Harepe]l 3aJaHHbIM TPEOOBaHUSM.

B crarbe wuzmaraercsi HOBBIM METOJ KOHCTPYUPOBAHHUS IOBEPXHOCTHU
TYHHEJISl TI0 Hamepe] 3aJlaHHbIM YCIIOBUSIM C MCIIOJIb30BaHUEM OMKBAIPaTUYHOTO
npeoOpa3oBaHusl IIOCKOCTH, KOTOPBIM MO3BOJSET OMUCATh KOHCTPYHPOBAHUE
KQ)KJIOTO CEYEHMS TYHHEII OJHUM yPaBHEHHUEM.

KuroueBblie ciioBa: mpeoOpa3oBaHus, OMKBaApaTUYHbIC MPeoOpa3oBaHUs,
rpadudeckas MoJieNb, TYHHEIb, TYHHEJIBHBIA pa3pes.
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