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A Method of Theodolite Installation at the
Intersection of Two perpendicular lines
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Abstract

The problem of theodolite installation at the intersection of two perpendicular lines is
very important to set walls and columns in any structural building. In this paper there
is a simple solution for laying out a point corresponding to the crossing of principle
building axes. Besides to, the accuracy evaluation of this point is available. This is by
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carrying out two examples for evaluating the most probable position of this point by

theodolite 2730 and T5.

Introduction

When carrying-out detailed stakeout
operations or "as-built " surveys it is
sometimes necessary to set a theodolite
at a point of crossing of construction
axes, paint-marked on internal walls or
on the columns of a building. This
problem was met by the author of the
present paper while exccuting as-built
survey of the roof covering a building.
An evaluation of on-site conditions has
shown that the most convenient way to
cammy out the measurements was to
choose a point corresponding to the
crossing of principal building axes
paint-marked ~ on  counter-facing
columns inside of the building. In such
a situation it was necessary to project
the position of that point to the floor of
the building and to mark it. This paper
presents a new solution of such a
problem.

Analysis of the Problem

Suppose that the position of a point 0
at the intersection of two perpendicular
lines AB and CD should be found, and
that it is impossible to set a theodolite
at the points A,B,C and D (see Fig. 1).
First of all, the position of point T
located in the vicinity of point 0 is to
be determined using a cross-staff or a
“by-eye” evaluation[1]. After setting a
theodolite at this point the horizontal
angles B and B and distances S;,S,,5;
and S4 should be measured. Taking
point 0 as the origin of coordinate
system we could calculate the
coordinate of point T using the
following formulae based on the
geometry[2] shown in Figure 1:

~ S18, &, . 1)
xT-(Sl-l-Sz)p, ()
S3S4a’2
= ; 2
yT (S3+S4)p ( )
2 2
r =~ Xr + Yr. (3)
where:

$1,53,S3 and Sy are  the
horizontal distances between the point
T and points ABC and D
respectively; a; and a; are the
horizontal angles calculated with the
use of the following formulae:

o, =180° - 3; (4)

a, =180° - 3,. (5)

Distances S),52,5; and S; are within
the limits enabling to measure them

" with a relative error 1:200 using stadia

range finder or in any another way.
Horizontal angles B, and [, are
calculated as follows:

181 =, —Qq (6)
ﬁz =Qy; — Uy (7)
where:



Mansoura Engineering Journal, (MEJ}, Vol. 32, No. 4, December 2007.

Gan, G, Ooc and op are the
readings of the horizontal circle of a
theodolite.

In order to improve the accuracy of f3
and B, angles, it is necessary to
measure them at two positions (L. and
R) of the telescope and to average the
values to get the final results.

The wvalues and signs of angies
B1, B2,0y and oy enable to determine the
geodetic quadrant .

To fix the point 0 we could use values
xr and yr characterizing the relative
positions of 0.and T . That could be
done with the use of coordinate
reticulation (CR) drawn on a dense
paper sheet or on a tracing-paper at the
scale of 1:1 (see fig. 2)

This coordinate reticulation is to be
placed on the floor in such a way that
the point T marked on the floor
matches with its location on the
coordinate reticulation. Rotating CR
around the point T marked on the floor
we could make the lines ab and cd of
CR match with corresponding axes AC
and BD . After that, the point 0 should
be marked on the floor.

In order to conirol the results, a
theodolite ts to be installed over the
newly-marked point 0 and the
measurements described above are to
be repeated. If the results of these
measurements give the value of rr that
does not differ from the calculated
with the use of formula (3) within
admissible Iimits, 1t could be stated
that the procedure i1s successful.
Otherwise, it will be necessary to
repeat the operation and <orrect the
point 0 position. Admissible value of
67 depend on a specific task and on the
requirements of Construction Norms
and Rules. The final position of the

point O is then marked on the floor by
paint.

To measure the horizontal angles f,
and f;, it is recommended to use the
method  of  repeated  angular
measurements with  a misclosure
control. Our experience has shown that
all  the  procedures including
measurements, calculations and fixing
point 0, take less than an hour.

The accuracy evaluation of point Q
positioning mainly depends on that of
angles 1 and 2 and in a smaller rate
- on other factors. To calculate an
approximate value of 8T characterizing
an admisstble error of point T position,
a following formula could be used. By
differentiating the previous equations
(1) and (2), we will obtain:

_ Szzﬂt (1 _SI)
o(S, ~t~S2)2
Slzﬂr (1_52)
p(S, +.S’2):1

S.S,
}O(S: +Sz) i

Passing from the differentials to the
finite increments, and then to the root-
" mean-square errors, we will obtain:

dsS, +

T

ds, +
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We will analogously have:
- =S:ﬁ22(1“83); m52+\
TS +S)
LS (- S,) L,
PS8, +S )
S1S; )
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pz (S3 +S4 )2 Ji ) (

iyl
—

In that specific case when §;= S,
S = S and
formulae (8) and (9) are as follows:

2 a.z(l_Sl)z m.2

Mg =Mg =My,

m =
2
+—m’ (10)
4p2 Ji)
and
. ai(1-5))
m, = —mg’ +
T Sp )
Y 5
+4;2mﬁ; (11)

m, = mi + mﬁr . (12)

Or:

my =L Jﬁz (1-8.) me . (13

Error for distances is very small and
may be neglected , then we have:

n
m =$ (S;+87). (14

Where:

mg is a threshold error for the
measurement of angles B, and f,.
[n that specific case when 5,=S; and

S5=84 formula (14)

follows;

looks like

Example:

Theodolite: 2T30
mg = 1',Sl=Sz= 18.0111,33=S4=
320m
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Using these values in formula (9) we
get:

m, =L\/(182+322) =
o,

= 0.005m = 5.00mm

For the theodolite TS the value of my is
equal to 107, In this case for the same
values of §) and S; we have:

m, =E—1/(182 +328) =
P
= 0.0009m = 0.90mm

Tables 1 and 2 show an example of
field log of measurements carried out
in laboratory conditions, as well as the
results of their processing.

Conclusions

As accuracy analysis showed, this
procedure of Jay out of a point
commesponding to the crossing of

principle building axes ensures high
accuracy  and  possesses  high
effectiveness.

This method ensures both the control
in the work and will lead to further
tncrease  in the accuracy of the
alignment .
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Figure 1 Geometry of measurements
Table 1

Field Measurements Log
Date: 24.08.2007 J

Theodolite: 2t5k

Station | Points S,m | Horizontal circle readin Average Reduced 2C=
L R reading direction L-R
T A 360 | 07065 180 06.5 0" 06.6' 0° 00.0’ -0.30
B 2.81 90"00.9" | 270°01.3 90" 01.1 897545 | -0.40
C 3.66 | 178°508° | 358Y51.0° | 178509 | 178°443 | -0.20
D 3.22 | 2697 00.0° 89" 00.4’ 269°00.2° | 268°53.6 | -0.40
A 3.60 0" 06.5° 1807 06.8' 0" 06.6 0°00.0° 0
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Figure 2 Fixing point 0 with the use of coordinate reticulation (CR)
Table 2
[ Processing Log
Station | Points | S, m Horizontal angles Coordinates, m
i Bi B G o X ¥ r
T A 1360 1817157 [ 181°00.9° |-1"15.7 | -1700.9" | -40.90 | -26.60 | 47.5
B | 2.8l x7~0.04000m = 40.00 mm T
| C 3.66 y1=0.0266m = 26.60 mm
D 3.22
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