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Unit 1

Text
Surveying

Before any civil engineering project can be designed, a survey of the site must be made.
Surveying means measuring -and recording by means of maps-the earth’s surface with the greatest
degree of accuracy possible. Some engineering projects-highways, dams, or tunnels, for example-
may require extensive surveying in order to determine the best and most economical location or
route. " \

There are two kinds of surveying: plane and geodetic. Plane surveying is the measurement of
the earth’s surface as though it were a plane (or flat) surface without curvatyre. Within areas of
about 20 kilometers square -meaning a square, each side of which is 20 kilometers long- the earth’s
curvature does not produce any significant errors in a plane survey. For larger areas, however, a
geodetic survey, which takes into account the curvature of the earth, must be made.

The different kinds of measurements in a survey include distances, elevations (heights of
features within the area), boundaries (both man-made and natural), and other physical
characteristics of the site. Some of these measurements will be in a horizontal plane; that is,
perpendicular to the force of gravity. Others will be in a vertical plane, in line with the direction of
gravity. The measurement of angles in either the horizontal or vertical plane is an important
aspect of surveying in order to determine precise boundaries or precise elevations. '

In plane surveying, principal measuring device for distance is the steel tape. In English-
speaking countries, it has replaced a rule called a chain, which was either 66 or 100 feet long. The
66-foot-long chain gave speakers of English the acre, measuring ten square chains or 43,560 square
feet as a measure of land area. The men who hold the stéel tape during a survey are still usually
called chainmen. They generally level the tape by means of plumb bobs, which are lead weights
attached to a line that give the direction of gravity. When especially accurate results are required,
other means of support, such as a tripod -a stand with three legs- can be used. The indicated
length of a steel tape is in fact exactly accurate only at a temperature of 20°centigrade, so
temperature readings are often taken during a survey to correct distances by allowing for
expansion or contraction of the tape. ’ ,

Distances between elevations are measured in a horizontal plane. In the diagram along side, the
distance between the two hills is measured from points A to B rather than from points A to C to D
to B. When distances are being measured on a slope, a procedure called breaking chain is followed.
This means that measurements are taken with less than the full length of the tape.

Lining up the tape in a straight line of sight is the responsibility of the transitman, who is
equipped with a telescopic instrument called a transit. The transit has plates that can indicate both
vertical and horizontal angles, as well as leveling devices that keep it in a horizontal plane. Cross
hairs within the telescope permit the transitman to line up the ends of the tape when he has them in

1



focus.

Angles are measured in degrees of arc. Two different systems are in use. One is the
sexagesimal system that employs 360°, each degree consisting of 60 minutes and each minute of 60
seconds. The other is the centesimal system that employs 400 grads, each grad consisting of 100
minutes and each minute of 100 seconds. A special telescopic instrument that gives more accurate
readings of angles than the transit is calied a theodolite.

In addition to cross hairs, transits and theodoites have markings called stadia hairs (stadia is the
plural of the Greek word stadion, a measure of distance). The stadia hairs are parallel to the
horizontal cross hairs. The transitman sights a rod, which is a rule with spaces marked at regular
intervals. The stadia hairs are fixed to represent a distance that is usually a hundred times each of
the marks on the rod. That is, when the stadia hairs are in line with a make on the rod that reads 2.5,
the transit is 250 meters from the rod. Stadia surveys are particularly useful in determining contour
lines, the lines on a map that enclose areas of equal elevation.

Contour maps can be made in the field by means of a plane-table alidade. The alidade is a
telescope with a vertical circle and stadia hairs. It is mounted on a straight-edged metal plate that
can be kept parallel to the line of sight. The surveyor can make his readings of distances and
elevations on a plane (or flat) table that serves as a drawing board. When the marks representing
equal elevations are connected, the surveyors has made a contour map.

Heights or elevations are determined by means of a surveyor’s level, another kind of telescope
with bubble-leveling device parallel to the telescope. A bubble level, which is similar to a
carpenter’s level, is a tube containing a fluid that has an air bubble in it. When the bubble is
centered in the middle of the tube, the device is level. The surveyor sights a rule called a level rod
through the telescope. The rod is marked off to show units of measure in large, clear numbers. The
spaces between the marks usually are alternately black and white in order to increase visibility. The
number that the surveyor reads on the ievel rod, less the height of his or her instrument, is the
vertical elevation,

Heights are given in relation to other heights. On maps, for example, the usual procedure is to
give the elevation above sea level. Sea level, incidentally, can be determined only after averaging
the tides in a given area over a definite period. A survey carried out by level and rod often gives the
elevation in relation to a previously measured point that is called a bench mark.

Approximate elevations can also be measured with an altimeter, which is a device that takes
advantage of changes in atmospheric pressure. Readings taken with an altimeter are usually made at
two, and sometimes three, different points and then averaged. The readings must be corrected for
humidity and temperature, as well as the weight of the air itself.

Modern technology has been used for surveying in instruments that measure distance by means
of light or sound waves. These devices direct the waves toward a target that reflect them back to a
receiver at the point of origin. The length of time it takes the waves to go to the target and return
can then be computed into distance. This surveying method is particularly useful when taking
measurements over bodies of water.

Aerial photography is another modern method of surveying. A photograph distorts scale at its
2



edges in proportion to the distance the subject is from being in a direct vertical line with the lens of
the camera. For this reason, the photographs for an aerial survey are arranged to overlap so that the
scale of one part joins the scale of the next. This arrangement is called a mosaic, after the picture
that are made from hundreds of bits of colored stone or glass.

Geodetic surveying is much more complex than plane surveying. It involves measuring a
network of triangles that are based on point on the earth’s surface. The triangulation is then
reconciled by mathematical calculations with the shape of the earth. This shape, incidentally, is
not a perfect sphere but an imaginary surface, slightly flattened at the poles, that represents mean
sea level as though it were continued even under the continental land masses.

New Words and Expressions

civil engineering TARIE

survey [sa()'vei] v. jn. Wk, W CR, B
route [ruit] n. BRLR

plane [plein] a. FHE A

geodetic [,d3i()ou'detik] a. pu ik ) {EI]:]
curvature ['ka:vatfo] n. Ll » oty Y il 32
significant [sig'nifikont] a. 2:D-9'4: 19 YNV
elevation [ eli'veifon] n. N, R R
boundary ['baundari] n. kB
perpendicular to [,pa:pan'dikjula] 5. . &H REX
horizontal [ \hori'zontl] a. TR0 » T 2R 1Y
vertical ['vortikal] a. BHKMEHMN
steel tape MR

chain [tfein] n. Mgk, K

acre ['eika] n. W

plumb bob ek , EEER

tripod ['traipad] n. =Yg

centigrade ['sentigreid] n. BaE . BRRARE
expansion [iks'peenfon] n. -1

contraction [kon'trakfen] n. W48

slope [sloup] n. 30 R, #

transit [ 'traensit] n. 2311

cross hairs n, +FEs
sexagesimal [ sekso'dzesimal] a. AT AT RN
centesimal [sen'tesimol ] a. B, BN
theodolite [@i'adolait] n. b i 33 110

stadia hairs ALPE 22

rod [rad] n. R KHER



contour [ 'kontua] n.

FHR-BEL

contour line FR%

contour map %E%E

alidade ['elideid ] n. FEHEAY

parallel to T

level ['levl] n. TK1H 7K MEAR

bubble level M AKAEIR

carpenter’s level ARIKHER

visibility [ vizi'biliti] n. AT RAY

bench mark TKHERE 2 K HE R

altimeter ['seltimi:ta] n. R AL R Bt

atmospheric pressure KEEN

humidity [hju()'miditi] n. i o

target [ 'ta:git] n. Bir, ¥

reflect [rifflekt] v. Bt

aerial photography MERE R

distort {dis'toit ] v. B s, RE B

overlap [ouvalep] v. ): (- 2

mosaic [ma'zeiik ] n. Wix. LER

triangulation [trai,sengju'leifon] n. ZHNg

reconcile ['rckonsail] v. ERFE —2

imaginary [i'maed3inori] a. BHEy. . BEs

continental [ \konti'nentl] a. p
Exercises

1. Multiple choice

1. Plane surveying is means

(1) measuring a horizontal surface

(2) measuring the earth’s surface with curvature

(3) determining the best and most economical location or rout

(4) measuring the earth’s surface without considering its curvature
2. When the areas are larger than 20 kilometers squire,

(1) the earth’s curvature does not effect the accuracy

(2) the earth’s curvature should be considered in surveying

(3) a geodetic survey is unnecessary
(4) a geodetic survey must take into account the curvature of the earth
3. When measuring the distances and elevations, the measurements will be in

(1) horizontal plane (2) vertical plane



(3) either the horizontal or vertical plane
(4) both the horizontal and vertical plane
4. The acreis _____
(1) the 66-foot-long chain
(2) the area of measuring ten times of chains
(3) the area of measuring 10 square chains
(4) a measure of land area
5. When the temperature is higher than 20° centigrade, the indicated length of a steel tape is____.

(1) exactly accurate (2) longer than actual length

(3) shorter than actual length (4) need to correct distance
6. The function of the cross hairs within the telescopeis ____ .

(1) sighting the target (2) measuring the angles

(3) measuring the distances (4) focusing on tape
7. The heights or elevations are determined by means of ____.

(1) transit (2) altimeter (3) stadia hairs (4) level
8. On a contour map, ____ can be shown.

(1) the distance of two point (2) the elevations of point

(3) the distances and elevations (4) the boundaries of land

9. The principle of the measure distance by light or sound weavesis ____
(1) directing the weaves toward s target
(2) calculating the time it takes weaves to go to the target
(3) measuring the time of weaves to go to the target and return
(4) measuring the distance over bodies of water
10. Stadia survey is most useful in

(1) making the contour maps (2) determining the distance
(3) determining the elevation (4) measuring the angle
1L Vocabulary practice

1. Within areas of about 20 kilometers square, the earth’s curvature does not produce any significant
errors in a plane survey.

(1) honest (2) multiplied by itself (3) parallel (4) right angle
2. Others will be in a vertical plane, in line with the direction of gravity. ’
(1) agreement (2) same (3) parallel to (4) straight

3. The transit has plates that can indicate both vertical and horizontal angles, as well as leveling
devices that keep it in a horizontal plane.

(1) disk (2) medal (3) slab (4) graduated dial
4. Lining up the tape in a straight line of sight is the responsibility of the transitman, who is
equipped with a telescopic instrument called a transit.

(1) arranging (2) forcing (3) aligning (4) queuing up
5. When the bubble is centered in the middie of the tube, the device is level.



(1) horizontal (2) elevation (3) parallel (4) stage
6. Sea level, incidentally, can be determined only after averaging the tides in a given area over a
definite period.

(1) unimportantly (2) suddenly (3) suddenly (4) by chance
7. A survey carried out by level and rod often gives the elevation in relation to a previously
measured point that is called a bench mark.

(1) magistrate (2) datum level (3) station (4) standpoint
8. These devices direct the waves toward a target that reflect them back to a receiver at the point of
origin.

(1) straight (2) turn (3) control (4) point

9. A photograph distorts scale at its edges in proportion to the distance the subject is from being in a
direct vertical line with the lens of the camera.

(1) deforms (2) twists (3) pulls (4) distract
10. The triangulation is then reconciled by mathematical calculations with the shape of the earth.
(1) settled (2) located (3) made compatible  (4)placed

I1L Translate the following into English:
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Reading Material
Triangulation Surveys

In chain surveying, stations may be located by building up of network of triangles measuring
the lengths of the lines, but if this technique were extended to cover more than relatively small
areas the errors inherent in the making of the linear measurements would become so great as
seriously to reduce the accuracy of the plan. Thus, when a large area is to be surveyed , a more
rigorous approach is necessary and recourse is to triangulation surveys.

This is the name given to surveys in which the area is divided into geometrical figures, the
corners of which form a series of accurately located control stations from
which more detailed surveys or location are carried out by the methods 4
already described. The distinguishing features of triangulation surveying
are shown in Fig. 1.1. If angles A B and C are measured, then the lengths 5
of sides BC and CA can be calculated. In triangles ACD, DCE etc., it is
then only necessary to measure the angles, the lengths of all the other

sides of the whole triangulation being worked out from these observed angles (after making
6 )

Fig 1.1



necessary adjustments) and the length of the initial side, which is called the base line. Maximum use
is thus made of the most accurate of surveying instruments, the theodolite, while linear
measurement by taping , which is difficult and tedious when carried out to the same order of
accuracy as good angular inea.surement, is reduced to the measurement of a single base line. (In
practice, two or more bases are often measured to assist in distributing any errors which may occur.)

The introduction of electronic methods of distance measurement allows not only the
measurements of base lines, but also the measurement of selected sides of the triangulation network,
which leads to further reliability: this technique is termed trilateration.

In the geodetic triangulation survey carried out by the Ordnance Survey, most of the sides of
the primary triangles have lengths between 40 km and 70 km, while some, such as the three sides of
the triangle whose corners are Scafell Pike, Snowdon, and Slieve Donard (Ireland), are over 150 km
long. It is evident, therefore, that the greatest possible accuracy is required in such work. These
large primary triangles are then broken down into smaller (secondary) triangles of somewhat lesser
accuracy, the stations being 7 to 13 km apart. There is a further breakdown to third-and fourth-order
points which are used for detail surveys and for providing control in large-scale photogrammetric
work. The fourth-order points give closer spacing in towns -tertiary and higher- order points cover
almost the whole country at'a density of 0.05 trig point per km?, with a density of about 0.1 per km’
near towns; fourth-order points increase this density to 0.7 trig point per km’ in towns, the stations
now being some 1 to 2 km apart. For less extensive survey, i.e. topographical surveys and
triangulations carried out to locate engineering works, less accuracy is required than for geodetic
work, but since nowadays a similar type of apparatus for base line and angle measurement is often
used in both classes of work, the principles involved are the same. In dealing with triangulation in
more detail, the measurement of base lines by type will be considered, followed by the principles
involved in the actual triangulation itself.

Triangulation can be used for:

(1)The establishment of accurately located control points for plane and geodetic surveys of
large areas.

(2)The accurate location of engineering works such as (i) center lines, terminal points and
shafts for long tunnels, (i) center lines and abutments for bridges of long span, and (iii) complex
highway interchanges,

(3)The establishment of accurately located control points in connection with aerial surveying,

(4) Measurement of deformations of structures such as dams.
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Unit 2

Text

Total Stations with
Outstanding Performance Features

1. More efficiency in your day-to-day werk with the Wild Total Stations

In building, civil engineering, construction. cadastral and detail surveys, particularly in
populated areas, 99% of distance measurements are less than 500m. The need is for a small,
lightweight, easy-to-use EDM that measures quickly and accurately. An EDM that stands for
electronic distance measurement makes the tape redundant.

When you aim at the reflector with the telescope, the infra-red measuring beam, which is
parallel to the telescope line-of-sight, is reflected by a prism at the other end of the line. In the five
seconds it takes for a normal measurement, the Total Stations adjusts the signal strength to optimum
level, makes 2048 measurements on two frequencies, carries out a full internal calibration,
computes and displays the result. 0.1 - 0.3 second updates follow the initial 3-second
measurement in tracking mode.

The whole sequence is fully automatic. You simply point to the reflector, touch a key and read
the result. Anyone can use the Total Stations accurately, confidently and efficiently.

The liquid-crystal display is unusually large for a miniaturized EDM. Measured distances and
angles are presented clearly and unambiguously with appropriate symbols for slope, horizontal
distance, height, horizontal. vertical angle and setting-out. A series of bar in the display shows the
progress of the measuring cycle.

In test mode, a full check is provided of the display. battery power and return signal strength.
An audible tone can be activated to indicate return signal. Scale (ppm) and additive constant (mm)
settings are displayed at the start of each measurement. The unit of measurement (meters or feet) is
always shown. The display illuminates for work in the dark. '

2. Angles, Distances, and Reduction at the Touch of a Single Key

tdeal combination of angle and distance measurement

In the Wild TC1000 and TC1600. the systems for measuring angles and distance, and the
functions for reduction and recording are compactly integrated. Weighing only 5.7kg (13Ib)
including the internal battery. This equipment can simultaneously measure and record angles and
distance up to 5 km (3mi) in just five second.
Switch on and measure

Position-coded circles form the basis for the absolute electronic angle-measuring system of the
TC1000 and TC1600. They relieve the user of time-wasting initialization, because the instrument is
instantly ready to measure. Angle measurement is continuous; the display is immediately updated as
soon as you turn the telescope.



You can reset the horizontal circle to 0 or to any other azimuth by keyboard input and measure
the horizontal angle clockwise or counterclockwise.
Outstanding angle-measurement accuracy

The standard deviation of the mean of observations on both telescope positions is 1.5"(0.0005
gon) for the TC1600 and 3"(0.001gon) for the TC1000. Because of automatic compensation for
circle eccentricity the TC1600 also provides extremely accurate single-face measurement.
Measure and record as soon as you set up

As soon as you switch on your TC1000 or TC1600, its absolute angle-scanning system and
powerful built-in EDM unit are ready for measurement. And just five seconds later they give you
distance and reduced value. Touch the ALL key and the instrument measures angles and distance,
and record them complete with the point number.

Up to 2km single-prism range P

The EDM unit of the TC1000 and TC1600 measures distance up to 5km through the
instrument’s coaxial telescope. In average atmospheric conditions, a single reflector prism is all you
need to measure distance up to 2km (1 1/4 mi) with an accuracy of 3mm+2ppm. For long range and
poor weather conditions, the DIL repeat-measurement mode automatically ensures the same
accuracy.

For setting-out, both total stations have a tracking mode with one second updates of displayed
value and accuracy of Smm+2ppm. If required, these distances and their angles can be reduced and
recorded.

Reliable, unequivocal design of control

On the color-coded keyboard you can call up practically any typical day-to-day task, including
distance measurement and date recording, at the touch of a single key.

These control panels let you control all the instrument’s functions. The practice-tested design
and layout are the best protection against false manipulation and make you work extremely
efficient.

And you can input any essential numeric information such as point number, station coordinates
etc. directly on the keyboard. To let you see better in the dark, the displays can be backlight.

3. Touch the ALL key once to measurement and record the angle and distance

The TC1000/TC1600 system has all the features you need to record measurements and other
data, and process them in the field.

GIF10 data reader
This data reader is an universal interface between REC module and computer, peripheral
equipment, or another REC module. Use a GIF10 to display, copy, or delete data, to transfer them to
a computer, and for on-line data input to the REC module.
GRM10 plug-in REC module, the most economical way to record and store data
Instead of a second control and display panel on face 2, Wild TC1000 and TC1600 total
stations are available with a slot for a plug-in Wild GRM10 REC module that takes only a few
seconds to insert or take out. The REC module can store about 500 data blocks. Use as many
10



