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Abstract: The underground topographic works of elevating and drawing are necessary for the execution of
underground works (mining, hydrotechnics, communications, etc.) Fulfilling these works efficiently and safely
requires an advance study for the precisions in topographic support routes and networks. This paper aims to
establish the share distribution correlated with the underground works distribution.
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1. Introduction

The topographic works of elevating and drawing for the underground work execution use a lot of stable
points which form planimetric and leveling routes and networks.

The underground objectives which have to be designed, executed and tracked for their stability in time,
are very important from the technical, economic and social points of view. As a result, the topographic base
used has to correspond to the quality and safety requirements.

The underground works are dynamic, as they are executed in stages. Consequently, the topographic base
is also executed in stages, but with results corresponding to the entire results. It is necessary, based on the
geometric configuration of the design underground objectives, to be established the distribution of shares for
topographic routes and networks. The topographic leveling works will be analyzed.

2. Paper content
2.1. Geometric leveling route [1]
We consider the points A and B between which there were executed precise measurements of geometric

leveling (fig. 1). If the values H4, Hp of the points A and B are known, the measured leveling differences
hy, hy, hs are used to determine the values H; and H, for the points P and Py situated on the leveling line AB.
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Fig. 1.
For the determination of the values for the points P;and P, we will note:

HY = Hp + 1y 1)
Hg = HB + h3
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and
H1 = H{) + x1 (2)
Hz = Hg + xz
where:

H}, HY — provisional values
X1, X, — probable corrections [2]

For the measured values, we will note the equations:
HY +x —(Hy + hy) =y
H)+x,— (HY +x, + hy) = v,

HY +x, — (Hg + h3) = v3

or:
X1 +‘€g:V1 ) ‘gozHl()_HA_hl
—x1+x2 +1,Dg:V2 ) ‘gozHg_H{)_hz (3)
xZ+‘€g:V3 ) ‘gg:Hg_HB_hg
For the system (3) we will attach the condition:
[pvv] = minimum (4)
where ,,p” are the shares of the measured values, given by the equations:
=< i=1,2,3 (5)
where:
s; — the length of the leveling lines
We will have the system:
(p1 + P2)xq —p2x; +4,=0 (6)
—p2xy +@2tp3dx; +4,=0
where:
L= pi£?— pt3 )
l = Py + pst3
From the system (6) we will remove the unknown value x, and will obtain:
1
p3+1 1 X, +L, =0 (8)
- +7
PP
or:

; P, is the share of the point PY 9)

In conclusion, the leveling lines with serial arrangement and shares p; and p, determine a share P,

among which we have the relation (9). Therefore, the equation (8) is:
(P,+p,)x, +L,=0 L2=€2+p2—£1 (10)
P+ P,

We notice that the equation which gives the correction x, is placed right after the design of the leveling
route (fig.1).

After calculating the correction x,, we calculate the correction x; from the system (6).

For the precision evaluation we determine:

e m, mean square deviation of the level difference on the length unit

e m,,m, mean square deviations we use to obtain the probable amounts of the values H, and H;.

94



Revista Minelor — Mining Revue vol. 27, issue 2 / 2021
ISSN-L 1220-2053 / ISSN 2247-8590 pp. 93-98

Using the matrices calculation, we note:

V'pv
N (11)

n — number of equations
k — number of unknown values

But:
vpv ='(p— pAQ_ Ap)
where:
Q, =(ApA)”
and:
1 0, p, 0 O
A=-11 =1, p=/0 p, O
0 1 l, 0 0 p;

We easily notice that:

1(p,+tp p
QXX:_(z 3 2 j

DL p, P+D,
where;
D = p,(p, + Ps )+ Pops = Pa(p+ P, )+ PuP,
Using:
Q Q
QXX :[ 11 12
Q21 Q22
where
1 1 1 1
Qu = —=—+—
Yop+P, Popop
1 1 1 1
Qu = S=sa—
? p,+P R p p

Finally, we can note:
m =my\/Qu : M, =MyyQp (12)
The share coefficients Q,,, Q,, are easily obtained from the design of the leveling network.

2.2. Simple leveling network [3]

We consider a leveling network formed by closed and open routes (fig. 2).
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We use the procedure presented previously and obtain the system:
(p1 TP+ ps)x1 _(pz + ps)xz +£(1) =0
_(pz + p3)X1 +(p2 +Ps+ p4)X2 +05=0

We eliminate x; and get:
(Pz + p4)X2 +¢,=0

with:
+
522534_@2—%)52 (13)
P+ P2+ Ps
where P, (the share of the point P,) is obtained from the equation:
L1, 1 (14)
P, B P+ P

The equation (14) is different from the equation (9) as for the paralel routes (2 si 3) the shares are added up.

2.3. Complex leveling network [3]

We consider a network formed of multiple leveling routes closed and open (fig. 3)
h
h 5

Fig. 3.

By using the procedures established for the considered network, we can form the system:
(P, + p, )X, — p,X; —0x, +¢, =0

(P3+ Ps + pe)xs —0x, +L, =0

(15)
(P4 + p7)X4 +£4 =0
where we can write, directly from the design, the equations:
1 1 1
—_— ’
P, P Pt+Ps
i_r.t. (16)
P3 PZ p4
1 1 1
— =+
I:)4 PS p5 + p6

1
where: p; = 5

3. Case Study

Consider the leveling network in the figure:

96



Revista Minelor — Mining Revue vol. 27, issue 2 / 2021
ISSN-L 1220-2053 / ISSN 2247-8590 pp. 93-98

The following are known:
- absolute dimensions Hy, Hg, H.- of points A, B, C, given gquantities, considered without errors;
- level differences hq, h,, ..., hy
- quantities measured, with errors my, m,, ... my
- lengths S4, S5, ..., S
Determine the weight in point E.
For the calculation of the elevation of point E starting from points A and C (the most disadvantageous
case as precision) the level differences are used: hq, h,, ..., h3 . E.Q:
Hg = Hp + hs
where:
Hp=H,+h, =H;+h,

The weighting in point E is determined taking into account that:
- the paths AD and CD with lengths S, and S, are parallel and consequently the weight in point D, P, is:

Py =p; +p;
- next, the route DE with length S5 is added in series, and the weight in point E is P, which is obtained by
writing:
1 1 1
P, P ps3
The weights are obtained with the general relation:
1
P_ =3
so we admit:
Sl = 0,5 km
52 = 0,5 km
S; = 1,0 km
With these you get:
1 1
Pp=—+—=2+2=4
1 ) + s, +
and
.1 + l_ 1,25
P, 4 1
SO
P — 1
271,25
and weighting coefficient:
1
=—=12
Qs =5 =125

2

As a result the precalculated error in point E is:

mrg =mgy QE = My+/ 1,25

If the error my is = 10 cm / km, the result will be :
m=10,1,25=11,2cm
which can be admitted.
If not allowed, m,, is reduced by appropriately chosen instruments and measurement methods.

4. Conclusions
The underground topographic based is formed by points for which we determine their spatial positions

and which on the whole form leveling routes and networks and similarly polygonal networks different from
the leveling ones.
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The measured values for the flat coordinates calculation may be processed by generalizing the applied
methods in the leveling routes and networks, noting that the shares are given by the opposite of the measured
angles number or route length, for the orientation and coordinates.

It is important to establish the distribution of the measured values’ shares, corresponding to the resolving
stages. Consequently, there exists the possibility for the advance evaluation of the determined values’
precisions in the main points of the topographic networks.
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