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COURSE UNIT : 2 Units

Series 1: Historical Development of Survey Methods and Instruments
Series 2: Survey Instruments and Their Practical Applications

Series 3: Chain, Compass, Plane Table, and Theodolite Surveys
Series 4: Levelling, Plotting Sections, and Contouring

Series 5: Setting Out Works, Area Computation, and Map Operations

Here is the proposed outline for Series 1:

Part 1 Early origins of surveying

¢ Ancient practices in measurement and land division
o Contributions of early civilisations (Egypt, Greece, Rome)
e Traditional instruments and techniques

Part 2 Medieval and Renaissance developments

* Advancements in navigation and mapping
e Introduction of more precise instruments (astrolabe, quadrant)
¢ Influence of exploration and trade on surveying methods

Part 3 Modern survey instruments and methods

o Emergence of optical.instruments (sextant, theodolite)
o Development of levelling instruments (dumpy level, abney level)
e Transition to precision measurement and standardisation

Part 4 Contemporary trends in surveying

o Integration of electronic and digital instruments
e . Use of satellite-based systems (GPS)
e Impact of modern technology on survey practice

Introduction

Surveying has been a fundamental human activity for thousands of years, shaping the way
societies measured land, planned settlements, and managed resources. From the construction
of the pyramids in ancient Egypt to the mapping of territories during exploration, the
development of survey methods and instruments has always been closely linked to civilisation’s
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progress. Understanding this historical journey is important because it provides context for
modern surveying practices and helps learners appreciate how innovations have transformed
the discipline over time.

The aim of this Series is to trace the evolution of survey methods and instruments, highlighting
key milestones from ancient practices to contemporary technologies. By doing so, the Series
intends to equip you with a foundational understanding of how surveying has developed-and
why its history remains relevant to current and future applications.

We shall commence this Series by examining the early origins of surveying, focusing on ancient
practices and the contributions of early civilisations. Next, we will move on to medieval and
Renaissance developments, where advancements in navigation and mapping introduced more
precise instruments. Following that, we will explore modern survey instruments and methods,
including the emergence of optical and levelling tools that brought precision and
standardisation. Finally, we will wrap up by considering contemporary trends, such as electronic
and satellite-based systems, and their impact on modern survey practice.

Series Learning Outcomes
Upon completing this Series, you should be able to:

o SLO 1.1 define the early origins of surveying and explain how ancient civilisations such
as Egypt, Greece, and Rome contributed to its development,

e SLO 1.2 describe medieval and Renaissance advancements in navigation and mapping,
and explain the role of instruments such as the astrolabe and quadrant,

e SLO 1.3 analyse the emergence of modern survey instruments including the sextant,
theodolite, dumpy level, and abney level, highlighting their impact on precision and
standardisation, and

e SLO 1.4 evaluate contemporary trends in surveying, including the integration of
electronic instruments, satellite-based systems, and digital technologies, and assess
their influence on modern survey practice.

1.1 Early Origins of Surveying

1:1.1 Ancient practices in measurement and land division

Surveying has its roots in the earliest human societies, where the need to measure land for
farming, taxation, and construction was essential. Surveying is the science and art of
determining the relative positions of points on, above, or beneath the Earth’s surface, and
representing them on a plan or map. Ancient communities used simple tools such as ropes,
rods, and marked stones to divide land into plots. In Egypt, surveyors were employed to re-
establish boundaries after the annual flooding of the Nile.
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Fill in the blank: In ancient Egypt, surveyors were employed to re-establish after
the annual flooding of the Nile.
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Figure 1.1: Ancient Practices in Land
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o Ancient Egypt: e Ancient Greece: 9 Ancient Rome

Decempeda & Chains

* Nile Floodplain Survey » Geometric Layouts « Centuriation System
» Groma » Decempeda (10-ft Rod)
» Merchet Tool (Sight) » Groma (Surveying Cross) Heayly (1-ft Rod
« Knotted Ropes (Cords) » Measuring Rods & Stakes « Surveying Chains (Catena)

Lorem ipirum ipslum sit amet, constteter erleian elt, cardeipicing €lt, ellr-
Praseza d eleraiaveln dene le allaguire. ve Il putlens. Ciepl en cullems-

figia Dilteniis. Sir oae de biplett. 1it etee is mntty datictua camispts. In
rers an ut clor exrdeillerstede u elvee quais cienan guira uninillene tt ena
shre inl Daras.
A
=
I Green = | Greece
Orange [ Blue = Rome

Diagram showing early land division practices using ropes and rods.
Figure 1.1: Ancient practices in land measurement and division

1.1.2 Contributions of early civilisations (Egypt, Greece, Rome)

\,— ‘J
B ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



The Egyptians pioneered the use of geometry in surveying, applying it to the construction of
monumental structures such as the pyramids. The Greeks refined these methods, introducing
mathematical principles that improved accuracy. The Romans advanced surveying further by
developing instruments such as the groma, a device used to establish straight lines and right
angles for road construction and land division. These contributions laid the foundation for
systematic surveying practices.

Fill in the blank: The Romans used the to establish straight lines and right angles
in surveying.

Plate 1.1: Roman Survevor with a Groma -
Precision in Ancient Land Measurement
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A detaied visual reference illustrating ancient Roman engineering and surey!ing techniques,
| showcasing the practical use the groma for establiisinht lines, right angles, and cadastral grids, vital for |
: Y infrzancenicture and city planning.
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Image showing a Roman surveyor using a groma.
Plate 1.1: Roman surveyor with a groma
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1.1.3 Traditional instruments and techniques

Early instruments were simple yet effective. The plumb line was used to establish verticality,
while the measuring rod and knotted rope provided basic units of length. These tools were
combined with observational techniques, such as aligning with stars or landmarks, to achieve
practical results. Although rudimentary, these methods enabled ancient societies to build cities,
roads, and irrigation systems with remarkable precision.

Fill in the blank: The plumb line was used in early surveying to establish

Instrument Use Example of Application
Plumb Line To establish a vertical reference Checking if a wall is perfectly
(or Plumb line or to transfer a point vertically. vertical during building
Bob) construction; transferring an
overhead point to the ground.
Measuring To provide a fixed unit of length for Laying out small agricultural
Rod (or Staff) measuring short distances. plots; measuring the width of a
path or trench.
Knotted Rope To measure longer distances on Measuring field boundaries for
/ Chain the ground. The knots or links land division; laying out the
serve as unit markers. foundation dimensions for a large
structure.
Ranging Pole To mark stations or points on the Setting out a straight line for a
ground so they can be sighted fence or road alignment; marking
from a distance, helping to the corners of a survey area.
establish straight lines.
Surveyor's To establish right angles (90 Setting out a rectangular building
Cross (or degrees) for laying out foundation; dividing land into
Groma) perpendicular lines. square or rectangular plots.
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Pilot questions 1.1

Define surveying and state its earliest purpose in human societies.

What was the role of surveyors in ancient Egypt after the flooding of the Nile?
Name one contribution of the Greeks to the development of surveying.

Which instrument did the Romans use to establish straight lines and right angles?
Mention one traditional instrument and explain its use in early surveying.

abon=

1.2 Medieval and Renaissance Developments

1.2.1 Advancements in navigation and mapping

During the medieval period, surveying was closely linked to'navigation and the expansion of
trade routes. Navigation is the process of determining and ‘controlling the movement of vessels
from one place to another. The need for accurate maps grew as explorers travelled further
across seas and continents. Cartographers began to use improved mathematical techniques,
such as trigonometry, to create more reliable maps. These advancements laid the groundwork
for systematic land surveys during the‘Renaissance.

Fill in the blank: Cartographers in the medieval period used to improve the
accuracy of maps.
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Figure 1.2:
Medieval Navigation and Mapping Ad Mapping Advancrments
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Diagram showing medieval navigation and mapping practices.
Figure 1.2: Medieval navigation and mapping advancements

1.2.2 Introduction of more precise instruments (astrolabe, quadrant)

The Renaissance period saw the introduction of more precise instruments that improved both
navigation and surveying. The astrolabe was an instrument used to measure the altitude of
celestial bodies, helping navigators determine latitude. The quadrant was a quarter-circle
device used to measure angles, particularly in astronomy and surveying. These instruments
allowed for greater accuracy in positioning and mapping, marking a significant step forward in
the science of measurement.
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Fill in the blank: The astrolabe was used to measure the altitude of bodies.

Plate 1.2:
Renaissance Navigator with Stappgo Cherts -
- Charting’s the Stars by Sears

A foundadcorial visual reference shovs showasing usixing of the
Starde isen antemarred ewyages ofve b, safer
mnko vojages.

I Navigator (Brown) ! Advanced Land Survey

Image showing a Renaissance navigator using an astrolabe.
Plate 1.2: Renaissance navigator with an astrolabe

1.2.3 Influence of exploration and trade on surveying methods

Exploration and trade during the Renaissance greatly influenced surveying methods. As
European nations expanded overseas, the demand for accurate maps and land division
increased. Surveyors began to adopt techniques from navigators, combining astronomical
observations with ground measurements. This integration improved the precision of land
surveys and supported the establishment of colonies and trade routes.
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Fill in the blank: Exploration and trade during the Renaissance increased the demand for
accurate and land division.

Factor Influence on Methodology Historical Outcome
Overseas Demand for large-scale The birth of Cartography as a
Expansion maritime and land charts to formal science, moving beyond
claim and govern territories. artistic sketches to scale-accurate
maps.
Technological Adoption of the Cross-staff, Surveyors began using celestial
Transfer Astrolabe, and early bodies to determine latitude and
Theodolites from sea orientation on land.
navigators.
Precision & The need to secure‘trade Development of Triangulation
Trade routes and resource rights methods, allowing for the mapping
required exact boundary of vast distances without cumulative
definitions. error.

Box 1.2: Influence of exploration and trade on surveying

o Expansion of overseas territories required accurate maps
e Surveyors adopted astronomical techniques from navigators
e Improved precision supported colonial administration and trade routes

Pilot questions 1.2

Define navigation and explain its link to surveying during the medieval period.
Which mathematical technique did cartographers use to improve map accuracy?
What was the astrolabe used for during the Renaissance?

Name one function of the quadrant in surveying.

How did exploration and trade influence surveying methods in the Renaissance?

o=
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1.3 Modern Survey Instruments and Methods

1.3.1 Emergence of optical instruments (sextant, theodolite)

The modern era of surveying was marked by the introduction of optical instruments, which use
lenses and mirrors to measure angles and distances with greater accuracy. The sextant is an
instrument used to measure the angle between two visible objects, commonly applied in
navigation to determine latitude at sea. The theodolite is a precision instrument for measuring
horizontal and vertical angles, widely used in land surveying and engineering projects. These
instruments revolutionised surveying by providing reliable measurements that supported large-
scale construction and mapping.

Fill in the blank: The theodolite is a precision instrument used to measure and
vertical angles.

-
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Plate 1.3:
1.3: Survevor Operating a Thedolode -

Precision in Modern Land Measurement
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Image showing a surveyor using a theodolite in the field.
Plate 1.3: Surveyor operating a theodolite

1.3.2 Development of levelling instruments (dumpy level, abney level)

Levelling instruments were developed to measure differences in elevation and establish
horizontal planes. The dumpy level is a telescope fixed to a tripod that allows surveyors to
determine relative heights across a site. The abney level is a handheld instrument that
measures angles of slope, elevation, or depression. These tools made it possible to produce
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accurate contour maps and profiles, which are essential for engineering works such as road
construction, drainage, and irrigation.

Fill in the blank: The dumpy level is used to determine relative across a site.

Figure 1.3:
1.3: Levleling with a Dumpy Level -
Measuring Relative Heights
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A

5 NG
Diagram showing the use of a dumpy level in levelling operations.
Figure 1.3: Levelling with a dumpy level

(

1.3.3 Transition to precision measurement and standardisation

The modern period also introduced precision measurement, which refers to the use of
instruments and methods that minimise error and ensure consistent results. Standardisation of
units of measurement, such as the metre, allowed surveyors across different regions to work
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with uniform systems. This transition improved the reliability of survey data and facilitated
international collaboration in mapping and engineering projects.

Fill in the blank: Standardisation of units of measurement, such as the

the reliability of survey data.

, improved

Feature

Description

Impact on Surveying

Uniform Units
(The Metre)

The adoption of the Metric
System replaced inconsistent
local measures (like "royal feet"
or "chains").

Enabled engineers from different
countries to use the same
blueprints without conversion
errors.

Error Reduction

Use of high-precision
instruments (vernier scales,
micrometers) and mathematical
techniques.

Allowed for the construction of
transcontinental railways and
tunnels that met perfectly in the
middle.

Global
Collaboration

Standardized protocols for data
collection and sharing between
nations.

Facilitated international mapping
projects like the Great
Trigonometrical Survey and
global sea charts.

Box 1.3: Key features of precision measurement and standardisation

Pilot questions 1.3

o=
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e Introduction of uniform units such as the metre

Reduction of measurement errors through improved instruments
Facilitation of international collaboration in mapping projects

What is the sextant used for in surveying and navigation?

Define theodolite and state one of its applications.

Which levelling instrument is used to determine relative heights across a site?
What does the abney level measure?
Why is standardisation important in modern surveying?




1.4 Contemporary Trends in Surveying

1.4.1 Integration of electronic and digital instruments

The twentieth century introduced electronic instruments, which are devices that use electrical
signals to measure distances and angles with high accuracy. Examples include electronic
distance measurement (EDM) devices and total stations. These instruments combine traditional
optical systems with digital technology, allowing surveyors to record and process data quickly.
The integration of digital instruments has reduced human error and improved efficiency in
fieldwork.

Fill in the blank: Electronic distance measurement devices use signals to measure
distances with high accuracy.

-
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Figure 1.4: Integration of electronic and digital instruments in surveying

1.4.2 Use of satellite-based systems (GPS)

Another major trend is the use of Global Positioning System (GPS), which is a satellite-based
navigation system that provides location and time information anywhere on Earth. GPS has
transformed surveying by enabling surveyors to determine precise coordinates without relying
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solely on ground measurements. It is widely used in mapping, construction, and environmental
monitoring.

Fill in the blank: The Global Positioning System provides and time information
anywhere on Earth.

Fdute 1.4: Surevoer Using GPS Technology -
Modern Satellite Geopostiging for
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Image showing a surveyor using a GPS receiver in the f/eld
Plate 1.4: Surveyor using GPS technology

1.4.3 Impact of modern technology on survey practice
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Modern technology has expanded the scope of surveying beyond traditional land measurement.
Geographic Information Systems (GIS) are computer-based tools that capture, store,
analyse, and display spatial data. When combined with GPS and remote sensing, GIS allows
surveyors to manage large datasets and produce detailed maps. These technologies have
made surveying more versatile, supporting applications in urban planning, disaster
management, and environmental conservation.

Fill in the blank: Geographic Information Systems are computer-based tools that capture, store,
analyse, and display data.

Technology Impact on Practice Key Benefit
GPS/GNSS High-precision coordinates are Speed: Reduces fieldwork time
Integration captured instantly in the field. from weeks to hours with centimeter
accuracy.
GIS Synergy Survey data is layered with Intelligence: Enables complex
social, economic, and "what-if" modeling for urban growth
environmental data. and zoning.
Remote Use of satellites and drones to Coverage: Allows for "change
Sensing capture data over vastor detection” (e.g., monitoring illegal
inaccessible areas. logging or slum expansion).
Digital Seamless transfer from field Efficiency: Minimizes human error
Workflow sensors to office design and provides real-time project
software (CAD/GIS). updates.

Box 1.4: Impact of modern technology on survey practice

e Integration of GIS with GPS and remote sensing
e Improved accuracy and efficiency in data collection
e Expanded applications in urban planning and environmental management

Pilot questions 1.4

-
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Define electronic instruments and give one example used in modern surveying.
What is the function of electronic distance measurement devices?

State one advantage of using GPS in surveying.

Define GIS and mention one of its applications.

How has modern technology expanded the scope of surveying?

aboN-~

Series Summary

This Series has traced the historical development of survey methods and instruments, showing
how surveying evolved from simple land division practices to the advanced technologies used
today. Its purpose was to provide you with a clear understanding of the origins and progression
of surveying, helping you appreciate how past innovations continue to shape modern practice.

We began with the early origins of surveying, examining ancient practices and the contributions
of civilisations such as Egypt, Greece, and Rome. Then we explored medieval and Renaissance
developments, where navigation, mapping, and instrumentslike the astrolabe and quadrant
improved accuracy. Following that, we studied modern survey instruments; including the
sextant, theodolite, dumpy level, and abney level, which introduced precision and
standardisation. Finally, we considered contemporary trends, highlighting electronic
instruments, GPS, and GIS as transformative tools. In line with the Series Learning Outcomes,
you should now be able to define the early origins of surveying, describe medieval contributions,
analyse modern instruments, and evaluate contemporary. technologies and their impact on
survey practice.

Glossary of Terms

e Abney level: A handheld instrument used to measure angles of slope, elevation, or
depression in surveying.

e Astrolabe: Aninstrument introduced during the Renaissance, used to measure the
altitude of celestial bodies to determine latitude.

e Cartographer: A person who creates maps, often using mathematical techniques such
as trigonometry to improve accuracy.

e _Chain survey: A simple method of land measurement using chains or tapes to record
distances directly on the ground.

o Dumpy level: A telescope mounted on a tripod, used to determine relative heights and
establish horizontal planes in levelling.

» Electronic instruments: Devices that use electrical signals to measure distances and
angles with high accuracy, such as electronic distance measurement (EDM) tools and
total stations.

o - Geographic Information Systems (GIS): Computer-based tools that capture, store,
analyse, and display spatial data for mapping and planning purposes.

o Global Positioning System (GPS): A satellite-based navigation system that provides
precise location and time information anywhere on Earth.

e Groma: A Roman surveying instrument used to establish straight lines and right angles
for land division and road construction.
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o Navigation: The process of determining and controlling the movement of vessels or
people from one place to another, often linked to mapping and surveying.

o Optical instruments: Tools such as the sextant and theodolite that use lenses and
mirrors to measure angles and distances accurately.

+ Plumb line: A simple tool consisting of a string with a weight at one end, used to
establish verticality in construction and surveying.

e Precision measurement: The use of instruments and methods that minimise error and
ensure consistent results in surveying.

e Quadrant: A quarter-circle instrument used during the Renaissance to measure angles
in astronomy and surveying.

 Remote sensing: The collection of information about the Earth’s surface using satellites
or aerial photography, often applied in modern surveying.

o Sextant: An optical instrument used to measure the angle between two visible objects,
commonly applied in navigation to determine latitude.

o Standardisation: The adoption of uniform units of measurement, such as;the metre, to
ensure consistency and reliability in survey data.

e Surveying: The science and art of determining the relative positions of points on, above,
or beneath the Earth’s surface, and representing them on a plan ormap.

¢ Theodolite: A precision instrument used to measure horizontal and vertical angles,
widely applied in land surveying and engineering projects.

Concept Check Questions [Series 1]
Objective Questions

1. Which ancient civilisation employed surveyors to re-establish boundaries after the
flooding of the Nile? (Linked to SLO 1.1)

The Roman instrument used to establish straight lines and right angles was called the:
a) Astrolabe

b) Sextant

c) Groma

d) Quadrant

2. (Linked to SLO 1.1)
3. Which mathematical technique did medieval cartographers use to improve map
accuracy? (Linked to SLO 1.2)

The sextant'is primarily used to measure:
a) Elevation differences

b) Angles between visible objects

¢) Horizontal distances

d) Verticality

4. (Linked to SLO 1.3)

GIS is best defined as a computer-based tool that:

-
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a) Measures slope angles

b) Captures, stores, analyses, and displays spatial data
c) Determines latitude using celestial bodies

d) Establishes verticality in construction

5. (Linked to SLO 1.4)
Short-Answer Questions

Define surveying and state its earliest purpose in human societies. (Linked to. SLO 1.1)
What was the astrolabe used for during the Renaissance? (Linked to SLO 1.2)
Mention one function of the dumpy level in modern surveying. (Linked to SLO 1.3)

. State one advantage of using GPS in contemporary surveying. (Linked to SLO 1.4)

0. What does standardisation mean in the context of modern surveying? (Linked to SLO
3

)

Long-Answer Questions

S200eNO

11. Describe the contributions of Egypt, Greece, and Rome to the early development of
surveying. (Linked to SLO 1.1)
12. Explain how medieval and Renaissance advancements in.navigation and instruments

influenced surveying practices. (Linked to SLO 1.2)

13. Analyse the role of modern instruments such as the sextant, theodolite, dumpy level,
and abney level in improving precision and standardisation. (Linked to SLO 1.3)

14. Evaluate the impact of contemporary technologies such as electronic instruments, GPS,
and GIS on modern survey practice. (Linked to SLO 1.4)

Answers to Concept Check Questions [Series 1]
Objective Questions

Ancient Egypt

c) Groma

Trigonometry

b) Angles between visible objects

b) Captures, stores, analyses, and displays spatial data

aroN=~

Short-Answer Questions

6. Surveying is the science and art of determining the relative positions of points on, above,
or beneath the Earth’s surface. Its earliest purpose was land division for farming, taxation, and
construction.

7. The astrolabe was used to measure the altitude of celestial bodies to determine latitude.
8. The dumpy level is used to determine relative heights and establish horizontal planes.
9. GPS provides precise coordinates quickly and efficiently, reducing reliance on ground
measurements.

10. Standardisation refers to the adoption of uniform units of measurement, such as the
metre, to ensure consistency and reliability.

Long-Answer Questions

rp
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Basic response: Egypt used geometry for land division and construction, Greece introduced
mathematical principles, and Rome developed instruments like the groma for straight lines and
angles.

11. Value-added response: Outstanding learners may add that these contributions
established systematic surveying practices, enabling infrastructure such as pyramids, roads,
and aqueducts, and laid the foundation for later scientific advancements.

Basic response: Medieval cartographers applied trigonometry to improve maps, while
Renaissance instruments such as the astrolabe and quadrant enhanced accuracy:

12. Value-added response: Learners may expand by explaining how exploration and trade
demanded better maps, leading to integration of astronomical observations with ground
measurements, which improved colonial administration and global navigation.

Basic response: Modern instruments like the sextant and theodolite improved angle
measurement, while the dumpy and abney levels enhanced levelling and slope determination.
These tools introduced precision and standardisation.

13. Value-added response: Learners may analyse how these instruments reduced errors,
supported engineering projects, and facilitated international collaboration through uniform
measurement systems.

Basic response: Contemporary technologies such as electronic instruments, GPS, and GIS
improved accuracy, efficiency, and expanded applications of surveying.

14. Value-added response: Outstanding learners may evaluate how these technologies
transformed surveying into a multidisciplinary tool, supporting urban planning, disaster
management, and environmental conservation; thereby broadening its societal impact.

Answers to Pilot Questions [Series 1]
Part 1.1 Early origins of surveying

e Surveying is the /science and art of determining the relative positions of points on, above,
or beneath the Earth’s surface. Its earliest purpose was land division for farming,
taxation, and construction.

e In ancient Egypt, surveyors re-established boundaries after the annual flooding of the
Nile.

e . The Greeks contributed mathematical principles such as geometry to improve accuracy
in_surveying.

e . The Romans used the groma to establish straight lines and right angles.

e One traditional instrument was the plumb line, which was used to establish verticality.

Part 1.2 Medieval and Renaissance developments

rp
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o Navigation is the process of determining and controlling the movement of vessels.
During the medieval period, it was linked to surveying through the need for accurate
maps.

Cartographers used trigonometry to improve map accuracy.

The astrolabe was used to measure the altitude of celestial bodies to determine latitude:
The quadrant was used to measure angles in astronomy and surveying.

Exploration and trade increased the demand for accurate maps and land division;,
influencing surveying methods.

Part 1.3 Modern survey instruments and methods

e The sextant is used to measure the angle between two visible objects, often for
navigation.

e The theodolite is a precision instrument used to measure horizontal and vertical angles,
applied in land surveying and engineering.

e The dumpy level is used to determine relative heights across a site.

e The abney level measures angles of slope, elevation, or depression.

o Standardisation ensures uniform units of measurement, such as the metre, improving
reliability in surveying.

Part 1.4 Contemporary trends in surveying

e Electronic instruments are devices that .use electrical signals to measure distances and
angles, such as EDM tools and total stations.

e Electronic distance measurement devices use electrical signals to measure distances
accurately.

e GPS provides precise coordinates:and time information anywhere on Earth, making
surveying faster and more efficient.

e GISis a computer-based tool that captures, stores, analyses, and displays spatial data,
supporting applications such as urban planning.

* Modern technology has expanded surveying into areas such as disaster management,
environmental monitoring, and urban development.

References and Attributions [Series 1]

This section compiles all references, illustration sources, and suggested OER materials used in
Series 1: Historical Development of Survey Methods and Instruments. The referencing
style applied here follows APA guidelines for clarity and consistency.

General References

e Campbell, S., & Fainstein, S. (2012). Readings in planning theory. Oxford: Wiley-
Blackwell.

e Mabogunje, A. L. (2011). Land reform in Nigeria: Progress, problems and prospects.
Ibadan: University Press.

e United Nations Human Settlements Programme (UN-Habitat). (2020). Land use planning
and management. Nairobi: UN-Habitat.

e World Bank. (2019). Urban land use and planning strategies. Washington, DC: World
Bank.
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e Food and Agriculture Organization (FAO). (2017). Land use planning for sustainable
development. Rome: FAO.

lllustrations and Attributions

e Figure 1.1: Ancient practices in land measurement and division
o Al-generated prompt: “Create a labelled diagram showing ancient land division
practices using ropes and rods.”
o Suggested OER search string: “ancient land measurement Egypt Greece Rome
OER diagram.”
e Plate 1.1: Roman surveyor with a groma
o Al-generated prompt: “Generate an image showing a Roman surveyor using a
groma to measure straight lines.”
o Suggested OER search string: “Roman groma survey instrument OER image.”
o Table 1.1: Examples of traditional instruments and their uses
o Al-generated prompt: “Create a table showing traditional surveying instruments
and their uses.”
o Suggested OER search string: “traditional surveying instruments plumb line rope
rod OER table.”
o Figure 1.2: Medieval navigation and mapping advancements
o Al-generated prompt: “Create a labelled diagram showing medieval navigation
and mapping practices using trigonometry.”
o Suggested OER searchstring: “medieval navigation mapping trigonometry OER
diagram.”
e Plate 1.2: Renaissance navigator with an astrolabe
o Al-generated prompt: “Generate an image showing a Renaissance navigator
using an astrolabe to measure celestial bodies.”
o Suggested OER search string: “Renaissance astrolabe navigation OER image.”
e Box 1.2: Influence of exploration and trade on surveying
o Al-generated prompt: “Create a text box summarising the influence of exploration
and trade on surveying methods during the Renaissance.”
o Suggested OER search string: “Renaissance exploration trade influence
surveying OER summary.”
e Plate 1.3: Surveyor operating a theodolite
o _Al-generated prompt: “Generate an image showing a surveyor using a theodolite
to measure angles in the field.”
o | Suggested OER search string: “theodolite survey instrument field use OER
image.”
o | Figure 1.3: Levelling with a dumpy level
o Al-generated prompt: “Create a labelled diagram showing a dumpy level being
used to measure relative heights.”
o Suggested OER search string: “dumpy level levelling instrument survey OER
diagram.”
e Box 1.3: Key features of precision measurement and standardisation
o Al-generated prompt: “Create a text box summarising the key features of
precision measurement and standardisation in modern surveying.”
o Suggested OER search string: “precision measurement standardisation
surveying OER summary.”
e Figure 1.4: Integration of electronic and digital instruments in surveying
o Al-generated prompt: “Create a labelled diagram showing a surveyor using a
total station with electronic distance measurement.”
P
K
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o Suggested OER search string: “total station electronic distance measurement
surveying OER diagram.”
e Plate 1.4: Surveyor using GPS technology
o Al-generated prompt: “Generate an image showing a surveyor using a GPS
receiver in the field.”
o Suggested OER search string: “GPS surveying receiver fieldwork OER image.”
e Box 1.4: Impact of modern technology on survey practice
o Al-generated prompt: “Create a text box summarising the impact of modern
technology on survey practice.”
o Suggested OER search string: “GIS GPS remote sensing impact surveying OER
summary.”

ourse code: URP 205

Course title: Introduction to Land Surveying

COURSE UNIT : 2 Units

Series 1: Historical Development of Survey Methods and Instruments
Series 2: Survey Instruments and Their Practical Applications

Series 3: Chain, Compass, Plane Table, and Theodolite Surveys
Series 4: Levelling, Plotting Sections, and Contouring

Series 5: Setting Out Works, Area Computation; and Map Operations

Here is the proposed outline for Series 2:
Part 2.1 Introduction to survey instruments

o Classification of survey instruments (linear, angular, levelling)
e General principles of instrument use
e _Care and maintenance of instruments

Part 2.2 Linear measurement instruments

e Chains and tapes
e Ranging rods and arrows
e | Practical applications in perimeter surveys

Part 2.3 Angular measurement instruments

e Prismatic compass and optical square
e Theodolite and sextant
e Practical applications in triangulation and mapping

-
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Part 2.4 Levelling instruments

e Dumpy level
e Abney level and clinometer
e Practical applications in contouring and section plotting

Part 2.5 Modern electronic instruments

o Electronic distance measurement (EDM) devices
o Total stations
o Practical applications in digital surveying

Introduction

In the last Series, we explored the historical development of survey methods and instruments,
tracing their evolution from ancient practices to modern technologies. Building on that
foundation, this Series turns to the instruments themselves and how they are applied in practice.
Survey instruments are the essential tools that enable.surveyors to measure distances, angles,
and elevations with accuracy, and their proper use is critical to the success of any surveying
project. Understanding both the instruments and their applications will prepare you to carry out
practical surveying tasks with confidence.

The aim of this Series is to introduce you to the main categories of survey instruments and to
equip you with the knowledge and skills required to apply them effectively in real-world
situations. By the end of the Series, you should be able to identify, use, and maintain a range of
instruments for linear, angular, and levelling measurements, as well as modern electronic
devices.

We shall commence this Series by examining survey instruments in general, including their
classification, pringiples of use, and care. Next, we will move on to linear measurement
instruments such as chains and tapes, followed by angular measurement instruments including
the compass and theodolite. Afterwards, we will continue with levelling instruments such as the
dumpy level and clinometer, exploring their practical applications in contouring and section
plotting. Finally, we will wrap up by considering modern electronic instruments such as EDM
devices and total stations, highlighting their role in digital surveying.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 2.1 define the main categories of survey instruments and explain the general
principles guiding their use,
ol
K
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e SLO 2.2 demonstrate how to apply linear measurement instruments such as chains,
tapes, and ranging rods in perimeter surveys,

e SLO 2.3 operate angular measurement instruments including the prismatic compass,
optical square, and theodolite in practical mapping tasks,

e SLO 2.4 apply levelling instruments such as the dumpy level, abney level, and
clinometer to produce contour maps and sections, and

e SLO 2.5 evaluate the role of modern electronic instruments such as EDM devices and
total stations in digital surveying applications.

2.1 Introduction to Survey Instruments

Survey instruments are the essential tools used by surveyors.to-measure distances, angles, and
elevations with accuracy. Without them, it would be impossible to produce reliable maps, plans,
or engineering layouts. Survey instruments are devices designed to aid in the collection of
spatial data for land measurement and mapping. Their proper use ensures precision, efficiency,
and consistency in survey practice.

Fill in the blank: Survey instruments are devices designed to aid in the collection of
data for land measurement and mapping.

2.1.1 Classification of survey instruments

Survey instruments can be classified into three broad categories: linear measurement
instruments, angular measurement instruments, and levelling instruments. Linear
instruments measure distances directly on the ground, angular instruments measure angles
between lines or points, and levelling instruments determine differences in elevation. This
classification helps surveyors select the right tool for each specific task.

Category Examples Primary Function
Linear Chains (Gunter’s/Metric), Steel To measure the horizontal or
Measurement Tapes, Ranging Rods, EDM vertical distance between two
(Electronic Distance Measurement) specific points on the Earth's
surface.

-
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Angular Prismatic Compass, Theodolite To measure horizontal and
Measurement (Manual/Digital), Sextant vertical angles between lines of
sight to determine direction and
orientation.
Levelling Dumpy Level, Tilting Level, Abney To establish a horizontal'line of
Instruments Level, Clinometer sight and determine the height
(elevation) difference between
points.

Table 2.1: Classification of survey jinstruments

2.1.2 General principles of instrument use

Every survey instrument operates on certain principles that ensure accuracy. For example,
chains and tapes rely on standardised units of length, while compasses depend on magnetic
north for orientation. Theodolites use optical systems to measure angles precisely, and levelling
instruments rely on the principle of a horizontal line of sight. Understanding these principles
allows surveyors to apply instruments-correctly in the field.

Fill in the blank: Theodolites use systems to measure angles precisely.

-
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Figure 2.1:
Figure 2.1: Principle of Levleling Instruments
— Establising a Horizontal Line of Sight —

Backsict Reading

Forelight taﬁ

<— Tripod
[ Leveling Staff
I Enghesion] £

Datum Line

o

[l A foundatonal visual reference illustrating aun the core I E
core principle of lamreving, illustrating inasovs tow the midnss line = Hifi
lisunving is useed ismreeighein dogermine relzlative heights for civil |
: civil engieering and conrsitruction projects.

A——

[ Leveling (Brown) [ Line Sight (Grey)

Diagram showing the principle of a horizontal line of sight in levelling.
Figure 2.1: Principle of levelling instruments

2.1.3 Care and maintenance of instruments

Survey instruments must be handled with care to ensure their accuracy and longevity.
Maintenance refers to the regular cleaning, calibration, and safe storage of instruments. Chains
and tapes should be kept free from rust, compasses should be protected from magnetic
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interference, and optical instruments must be stored in protective cases to avoid damage to
lenses. Proper care reduces errors and extends the useful life of instruments.

Fill in the blank: Optical instruments must be stored in protective to avoid damage
to lenses.
Action Practical Tip Why it Matters
Cleaning Use a soft, lint-free cloth for the Prevents grit from scratching expensive
body and specialized lens coatings or jamming moving parts.

tissues for optics.

Storage Always place instruments back Protects against shocks, vibrations, and
in their foam-lined cases when accidental drops that can knock an
moving between points. instrument out of alignment.

Calibration Perform regular "Two-Peg Ensures that "systematic errors”

Tests" for levels and.check the (instrument defects) don't creep into
verticality of ranging rods. your final measurements.

Protection Use an umbrella in intense sun Prevents thermal expansion of

orlight rain; never store a "wet" components and stops mold/fungus
instrumentin its case. from growing inside the lenses.

Box 2.1: Guidelines for care and maintenance of survey instruments

e Clean instruments after use to prevent damage
o Store in protective cases to avoid exposure to dust and moisture
e Calibrate regularly to maintain accuracy
e Avoid exposure to extreme temperatures or magnetic interference

Pilot questions 2.1

1. Define survey instruments and state their purpose.
2. List the three main categories of survey instruments.

-
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3. Which principle does a levelling instrument rely on?
4. Give one example of an angular measurement instrument.
5. Mention one guideline for maintaining survey instruments.

2.2 Linear Measurement Instruments

Linear measurement instruments are used to determine distances directly on the ground. They
are among the simplest tools in surveying but remain fundamental to many practical tasks.
Linear measurement instruments are devices designed to measure length or distance
between two points. Their accuracy depends on proper handling, environmental conditions, and
calibration.

Fill in the blank: Linear measurement instruments are devices.designed to measure
between two points.

2.2.1 Chains and tapes

The surveying chain is a series of linked metal segments, traditionally 20 or 30 metres long,
used to measure distances. Chains are durable but can be heavy and prone to sagging. The
tape is a flexible strip made of steel, fibreglass, or cloth, marked with standard units of length.
Tapes are lighter and easier to carry, making them more common in modern practice. Both
chains and tapes require careful alignment and tension to ensure accurate measurement.

Fill in the blank: Surveying tapes are often made of steel, , or cloth.

-
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Figure 2.1:
Figure 2.1: Principle of Levleling Instruments
— Establising a Horizontal Line of Sight —
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Plate 2.1: Measuring Distance with a Tape
- Foundational Field Practice

- A foundatonal visual reference illustrating aun the core

the milng ilustrating the maily methual ground distance - (i}
using tape, showaing siasstcus for accurate tedineeing fiut = 'jif
’ and construction projects.

B Tape Measure B Ground

Image showing a surveyor using a tape to measure distance on the ground.
Plate 2.1: Measuring distance with a tape

2.2.2 Ranging rods and arrows
Ranging rods are straight poles, usually painted with alternating red and white bands, used to

mark points in a line during measurement. They help surveyors maintain alignment over long
distances. Arrows are small metal markers placed in the ground to indicate chain lengths or

\,— ‘J
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intermediate points. Together, ranging rods and arrows ensure that measurements are accurate
and that survey lines remain straight.

Fill in the blank: Ranging rods are usually painted with alternating and white bands.

, nitning stmght, accuréte , land
for premse dlstance measurment and

Diagram showing the use of ranging rods to maintain alignment in a survey line.
. Figure 2.1: Use of ranging rods in linear measurement

.2.3 Practical applications in perimeter surveys

Linear instruments are widely used in perimeter surveys, which involve measuring the
boundaries of plots of land. Chains and tapes provide direct measurements of sides, while
ranging rods help maintain straight lines. Arrows mark intermediate points, ensuring accuracy
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over longer distances. These instruments are particularly useful in cadastral surveys,

construction site layout,

Fill in the blank: Linear instruments are particularly useful in

and agricultural land division.

measuring land boundaries.

surveys, which involve

Application Description Tools Typically Used
Cadastral Defining the legal perimeters and Steel tapes, Electronic
Surveys corners of land parcels for titling. Distance Meters (EDM), and
Ranging Rods.
Construction Marking the exact footings and Fiberglass tapes, Measuring
Layout dimensions for buildings, roads, wheels, and Laser distance
and walls. meters.
Agricultural Dividing large farm tracts into Gunter’s chains (historically) or
Partition smaller plots for irrigation or.crop long-format tapes and GPS.
rotation.
Triangulation Establishing a highly accurate Invar tapes (for precision) or
Baselines "starting line" from which all other high-end EDM integrated into
angles are measured. Total Stations.
Box 2.2: Practical applications of linear measurement instruments

Pilot questions 2.2

e Measuring boundaries in cadastral surveys
e Laying out construction sites
e Dividing agricultural plots
o Establishing baselines for triangulation surveys

1. Define linear measurement instruments and state their purpose.

-

2. What materials are commonly used to make surveying tapes?
3. Why are ranging rods painted with alternating colours?
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4. What role do arrows play in linear measurement?
5. Mention one practical application of linear measurement instruments in surveying.

2.3 Angular Measurement Instruments

Angular measurement instruments are used to determine angles between lines or points: These
instruments are essential in surveying because they allow surveyors to establish directions,
measure bearings, and create accurate maps. Angular measurement instruments are
devices designed to measure horizontal and vertical angles with precision.

Fill in the blank: Angular measurement instruments are devices designed to measure
and vertical angles with precision.

2.3.1 Prismatic compass and optical square

The prismatic compass is a portable instrument used to measure bearings of survey lines
relative to magnetic north. It consists of a compass card, prism, and sighting system, allowing
surveyors to read angles directly while sighting an object. The optical square is a small
instrument used to set out perpendicular lines by reflecting images through mirrors. Both
instruments are simple yet effective for fieldwork, especially in preliminary surveys.

Fill in the blank: The prismatic compass measures bearings of survey lines relative to
north.

-
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Plate 2.2: Surevyor Using a Prismatic Compass —
Measuring Bearings in the Field

— ——
A foundaatonal visual reference demonstating the use a

prismatic compass for accurate angular measurmenents and
establishiey lines in classical land sureving practices.

- Compass Ranging Rod
(Red/White)

Image showing a surveyor using a prismatic compass in the field.
Plate 2.2: Surveyor using a prismatic compass

2.3.2 Theodolite and sextant
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The theodolite is a precision instrument used to measure both horizontal and vertical angles. It
consists of a telescope mounted on a tripod, with graduated circles for angle measurement. The
sextant is an instrument originally designed for navigation, used to measure the angle between
two visible objects, often celestial bodies and the horizon. In surveying, the sextant can be
applied to measure angles for triangulation. These instruments provide greater accuracy than
the compass or optical square.

Fill in the blank: The sextant measures the angle between two objects, often
celestial bodies and the horizon.

S =
Figure 2.2: Components of a Theodolite
Explon View of a surving Instrrment

Telescope

Objective Lens (Measres Angies)

(Measures Angles)

Focusing Knob
Upper Plate

Vertical Circle
(Measures Vertical Angles)
Horizontal Circle
(Hensniral Angles)

Tribrach
Horizontal Circle -
Mounts to T d
(Henscairal Angles) (Mounist L pod)
Levelling Foot Screws Optical Plummet

(a point) (Centering over a point)

A comprehensive diagram illustrating the primary mechanical and
optical parts a parts of a ne thealolde, detaling specific functions for
for precise angural and distazi and distance measurments in land
sureving.

Optical (Yellow)
B Base (G

Diagram showing the parts of a theodolite and their functions.
Figure 2.2: Components of a theodolite
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2.3.3 Practical applications in triangulation and mapping

Angular instruments are widely used in triangulation surveys, which involve measuring angles
from known points to determine the location of unknown points. They are also applied in
mapping, where accurate bearings and angles are required to plot features on a plan.
Theodolites are particularly useful in engineering projects such as road alignment, bridge
construction, and large-scale mapping.

Fill in the blank: Angular instruments are widely used in
measuring angles from known points.

surveys, which involve

Application Description Tools Typically Used
Establishing Determining the direction of a line Prismatic Compass,
Bearings relative to Magnetic or True North. Digital Theodolite.
Perpendicular Setting out lines at exactly $90"\circ$ to Optical Square, Cross-

Offsets a baseline for building corners. staff, Total Station.
Triangulation Creating a network of triangles to map High-precision
Surveys large areas by measuring angles. Theodolite, Total
Station.
Feature Plotting Locating trees, poles, or corners by Prismatic Compass,
measuring their angle from a survey Theodolite.
station.
Engineering Ensuring bridges, tunnels, and roads Total Station, Transit
Alignment follow a specific geometric path. Theodolite.

Box 2.3: Practical applications of angular measurement instruments

-

o Establishing bearings in preliminary surveys
Setting out perpendicular lines with optical squares
e Measuring angles for triangulation surveys
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e Plotting features accurately in mapping projects
o Aligning engineering works such as roads and bridges

Pilot questions 2.3

Define angular measurement instruments and state their purpose.
What does the prismatic compass measure?

Which instrument is used to set out perpendicular lines in surveying?
Name one function of the theodolite.

Mention one practical application of angular instruments in surveying.

o=

2.4 Levelling Instruments

Levelling instruments are used to determine differences in elevation between points and to
establish horizontal planes. Levelling instruments are devices designed to measure height
differences and ensure that construction or mapping projects are based on accurate elevation
data. They are essential in producing contour maps, profiles, and sections for engineering and
land development projects.

Fill in the blank: Levelling instruments are devices designed to measure
differences and establish horizontal planes.

2.4.1 Dumpy level

The dumpy level is a telescope fixed to a tripod, used to establish a horizontal line of sight. It is
one of the most reliable instruments for levelling because of its stability and accuracy. Surveyors
use the dumpy level to measure relative heights across a site, which is particularly useful in
road construction, drainage, and irrigation projects.

Fill in the blank: The dumpy level is a telescope fixed to a , used to establish a
horizontal line of sight.

-
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Figure 2.3: Dumpy Level ic Use for Levleving
Operations - Capturing Staff Readings for Topography
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A comprehensive diagram illustrating the primary mechanical and

optical parts a parts of a ne thealolde, detaling specific functions for
" for precise angural and distaxt and distance an ind land surevind
sureving.

—_— A — A

Dumpy Level
Bl evelling Staff)

Diagram showing a dumpy level set up on a tripod with staff readings.
Figure 2.3: Dumpy level in use for levelling operations

2.4.2 Abney level and clinometer

The abney level is a handheld instrument used to measure angles of slope, elevation, or
depression. It is lightweight and portable, making it suitable for quick field checks. The
clinometer is another handheld device used to measure vertical angles, often applied in
forestry and geology to determine tree heights or slope gradients. These instruments are less
precise than the dumpy level but are valuable for rapid assessments.

-
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Fill in the blank: The abney level is a handheld instrument used to measure angles of
, elevation, or depression.

ez
Plate 2.3: Suravoer Using an Abney Level in
Field - Measuring Slope for Topography

A founduatioia visual reference demomnasiiivating te use a n
Abney lewel for mearalingus for measurgh s funiting, and and
topgarapht" ¢ surven: surveys and land analysis.
sureving.

Abney Level (Brown)
(Laveling Staff

Image showing a surveyor using an abney level to measure slope.
Plate 2.3: Surveyor using an abney level in the field

2.4.3 Practical applications in contouring and section plotting
Levelling instruments are widely used in contouring, which involves determining points of equal

elevation to represent terrain on a map. They are also applied in section plotting, where
elevation data is used to create profiles of land for engineering designs. These applications are

Do)
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critical in planning roads, canals, and drainage systems, as well as in agricultural land

management.

Fill in the blank: Levelling instruments are widely used in
determining points of equal elevation.

, Which involves

Application

Description

Tools Typically Used

Establishing
Bearings

Determining the direction of a line
relative to Magnetic or True North.

Prismatic Compass,
Digital Theodolite.

Perpendicular
Offsets

Setting out lines at exactly $90"\circ$ to
a baseline for building corners.

Optical Square, Cross-
staff, Total Station.

Triangulation
Surveys

Creating a hetwork©f triangles to map
large areas by measuring angles.

High-precision
Theodolite, Total
Station.

Feature Plotting

Locating trees, poles, or corners by
measuring their angle from a survey
station.

Prismatic Compass,
Theodolite.

Engineering
Alignment

Ensuring bridges, tunnels, and roads
follow a specific geometric path.

Total Station, Transit
Theodolite.

Pilot questions 2.4

-

Box 2.4: Practical applications of levelling instruments

Producing contour maps for terrain representation
e Plotting sections for engineering designs
Planning roads, canals, and drainage systems
Managing agricultural land through elevation data
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Define levelling instruments and state their purpose.

What is the dumpy level used for in surveying?

Which handheld instrument measures slope angles?

Name one application of the clinometer.

Mention one practical use of levelling instruments in contouring or section plotting.

aboN-~

2.5 Modern Electronic Instruments

Modern surveying has been transformed by the introduction of electronic instruments that
combine traditional measurement principles with digital technology. Modern electronic
instruments are devices that use electrical signals, lasers, or integrated software to measure
distances, angles, and positions with high accuracy. They have greatly improved efficiency,
reduced human error, and expanded the scope of surveying applications.

Fill in the blank: Modern electronic instruments use signals, lasers, or software to
measure distances and angles.

2.5.1 Electronic distance measurement (EDM) devices

Electronic distance measurement (EDM) devices are instruments that use electromagnetic
waves, such as light or radio signals, toomeasure distances accurately. Unlike chains or tapes,
EDM devices can measure long distances quickly and with minimal error. They are particularly
useful in rough terrain where direct measurement is difficult.

Fill in the blank: EDM devices use waves, such as light or radio signals, to
measure distances.

-
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Figure 2.4: Principle of EDM Devices - Measuring
Measuring Distance with Elecgtomgnetic Waves
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Diagram showing the principle of EDM measurement using electromagnetic waves.
Figure 2.4: Principle of EDM devices

2.5.2 Total stations

A total station is an advanced instrument that combines the functions of a theodolite and EDM
device. It measures angles and distances electronically and records data digitally. Total stations
can store measurements, transfer them to computers, and integrate with mapping software.
They are widely used in construction, engineering, and cadastral surveys because of their
versatility and precision.

-
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Fill in the blank: A total station combines the functions of a theodolite and an
device.

S Sz
Plate 2.4: Suravoer Using a Total Station -
- Precision LayouLayout on Topgragy Site

E A founduatioia visual reference demomastairating the use a n
= larreying for larrwste: diopies for integrane tane e bigimt teffient
E data collezctiong in contemperarry and, land projects.

sureving.

Total Station (Blue)
I Reflector (Red

Image showing a surveyor operating a total station on a construction site.
Plate 2.4: Surveyor using a total station

2.5.3 Practical applications in digital surveying
Modern electronic instruments are central to digital surveying, which involves collecting,

processing, and storing survey data electronically. EDM devices and total stations allow
surveyors to produce digital maps, integrate data with Geographic Information Systems (GIS),
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and share results efficiently. These applications support urban planning, infrastructure
development, and environmental monitoring.

Fill in the blank: Modern electronic instruments are central to
involves collecting and storing data electronically.

surveying, which

Application

Technology Used

Real-World Impact

Digital Mapping

GNSS, Drones
(UAVs), LIDAR

Creating high-resolution base maps for
Nigeria's "Smart City" initiatives and urban
renewal.

Construction &

Robotic Total

Ensuring "millimeter precision” in the

Engineering Stations, Laser alignmentof skyscrapers, bridges, and
Levels rail lines.
GIS Integration Handheld Data Instant conversion of field measurements
Collectors, Cloud into intelligent map layers for decision-
Syne making.
Environmental Satellite Imagery, Real-time tracking of coastal erosion in
Monitoring Remote Sensors Lagos or desetrtification patterns in

Northern Nigeria.

-

Box 2.5: Practical applications of modern electronic instruments
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Producing digital maps for urban planning

Supporting construction and engineering projects

e Integrating survey data with GIS

Monitoring environmental changes and land use

Pilot questions 2.5

Define modern electronic instruments and state their purpose.
What type of waves do EDM devices use to measure distances?
Which two instruments are combined in a total station?

Mention one advantage of using total stations in surveying.




5. State one practical application of modern electronic instruments in digital surveying.

Series Summary

This Series has focused on survey instruments and their practical applications, highlighting their
importance in ensuring accuracy and efficiency in surveying tasks. Its purpose was to familiarise
you with the different categories of instruments, their principles of operation, and their relevance
to real-world projects. By exploring both traditional and modern tools, the Series has shown how
surveyors select, use, and maintain instruments to achieve reliable results.

We began with an introduction to survey instruments; examining.their classification, principles,
and care. Then we moved on to linear measurement instruments such as chains, tapes, and
ranging rods, followed by angular measurement instruments including the prismatic compass,
optical square, theodolite, and sextant. Afterwards, we considered levelling instruments like the
dumpy level, abney level, and clinometer, before concluding with modern electronic instruments
such as EDM devices and total stations. In line with the Series Learning Outcomes, you should
now be able to define the categories of survey instruments, demonstrate their use in linear,
angular, and levelling tasks, and evaluate the role of modern electronic instruments in digital
surveying.

Glossary of Terms

o Abney level: A handheld instrument used to measure angles of slope, elevation, or
depressionin surveying.

e« Angularmeasurement instruments: Devices such as the prismatic compass, optical
square, theodolite, and sextant, used to measure horizontal and vertical angles.

e Arrows: Small metal markers placed in the ground to indicate chain lengths or
intermediate points during measurement.

o Chains: Linked metal segments, traditionally 20 or 30 metres long, used for measuring
distances directly on the ground.

o Clinometer: A handheld instrument used to measure vertical angles, often applied in
forestry and geology to determine tree heights or slope gradients.

o Dumpy level: A telescope mounted on a tripod, used to establish a horizontal line of
sight and measure relative heights across a site.

o Electronic distance measurement (EDM) devices: Instruments that use
electromagnetic waves, such as light or radio signals, to measure distances accurately
and quickly.
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¢ Levelling instruments: Devices used to determine differences in elevation and
establish horizontal planes, including the dumpy level, abney level, and clinometer.

« Linear measurement instruments: Tools such as chains, tapes, ranging rods, and
arrows, used to measure distances directly on the ground.

e Modern electronic instruments: Advanced surveying tools that use electrical signals;
lasers, or integrated software to measure distances and angles with high accuracy, such
as EDM devices and total stations.

e Optical square: A small instrument that uses mirrors to set out perpendicular lines in
surveying.

o Prismatic compass: A portable instrument used to measure bearings of survey lines
relative to magnetic north.

¢ Ranging rods: Straight poles, usually painted with alternating red and white bands,
used to mark points in a line during measurement.

o Sextant: An instrument originally designed for navigation, used to measure the angle
between two visible objects, often celestial bodies and the horizon.

e Survey instruments: Tools used by surveyors to measure distances, angles, and
elevations with accuracy, forming the basis of reliable maps and engineering layouts.

o Tape: A flexible strip made of steel, fibreglass, or cloth, marked with standard units of
length, used for measuring distances.

o Total station: An advanced instrument that combines the functions of a theodolite and
EDM device, capable of measuring angles and distances electronically and storing data
digitally.

¢ Theodolite: A precision instrument used to measure both horizontal and vertical angles,
widely applied in mapping and engineering projects.

Concept Check Questions [Series 2]
Objective Questions

Which of the following is not a linear measurement instrument?
a) Chain

b) Tape

¢) Theodolite

d) Ranging rod

1. (Linked to SLO 2.2)

The prismatic compass measures bearings relative to:
a) True north

b) Magnetic north

¢).Grid north

d) Astronomical north

2. (Linked to SLO 2.3)

Which instrument is used to establish a horizontal line of sight?
a) Sextant

b) Dumpy level

c) Optical square
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d) EDM device
3. (Linked to SLO 2.4)

A total station combines the functions of:
a) Compass and sextant

b) Theodolite and EDM device

c) Dumpy level and clinometer

d) Chain and tape

4. (Linked to SLO 2.5)
Short-Answer Questions

Define survey instruments and state their purpose. (Linked to SLO 2.1)

Mention two materials commonly used to make surveying tapes. (Linked to SLO 2.2)
What is the primary function of the optical square? (Linked to SLO 2.3)

State one application of the clinometer in surveying or related fields. (Linked to SLO 2.4)
Give one advantage of using EDM devices over chains and tapes. (Linked to SLO 2.5)

©oNOO

Long-Answer Questions

10. Describe the classification of survey instruments and explain the general principles
guiding their use. (Linked to SLO 2.1)
11. Demonstrate how chains, tapes, ranging rods, and arrows are applied in perimeter

surveys. (Linked to SLO 2.2)

12. Analyse the role of angular measurement instruments such as the prismatic compass,
optical square, theodolite, and sextant in triangulation and mapping. (Linked to SLO 2.3)

13. Apply levelling instruments such as the dumpy level, abney level, and clinometer to
contouring and section plotting tasks. (Linked to SLO 2.4)

14. Evaluate the role of modern electronic instruments such as EDM devices and total
stations in digital surveying. (Linked to SLO 2.5)

Answers to Concept Check Questions [Series 2]
Objective Questions

1. c¢) Theodolite

2./ b) Magnetic.north

3. b) Dumpy level

4. b) Theodolite and EDM device

Short-Answer Questions

5. Survey instruments are tools used to measure distances, angles, and elevations with
accuracy, ensuring reliable maps and engineering layouts.

6. Steel and fibreglass (cloth is also used).

7. The optical square is used to set out perpendicular lines.

8. The clinometer is used to measure slope gradients or tree heights.

9. EDM devices measure long distances quickly and with minimal error, even in rough
terrain.

-
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Long-Answer Questions

Basic response: Survey instruments are classified into linear, angular, and levelling categories.
Linear instruments measure distances, angular instruments measure angles, and levelling
instruments determine elevation differences. Each operates on principles such as standardised
units, optical systems, or horizontal lines of sight.

10. Value-added response: Outstanding learners may add that classification helps
surveyors select appropriate tools for specific tasks, ensuring efficiency and accuracy in diverse
projects such as cadastral surveys, engineering works, and mapping.

Basic response: Chains and tapes measure distances directly, ranging rods maintain
alignment, and arrows mark intermediate points. Together, they are applied'in perimeter
surveys to measure land boundaries.

11. Value-added response: Learners may expand by explaining how these instruments are
crucial in cadastral surveys, construction site layout, and agricultural land division, ensuring
legal and practical accuracy in land use.

Basic response: Angular instruments such as the prismatic compass, optical square,
theodolite, and sextant measure bearings and angles, supporting triangulation and mapping.

12. Value-added response: Learners may analyse how these instruments provide varying
levels of precision, with theodolites being vital for engineering projects, while sextants link
surveying to navigation and astronomy.

Basic response: Levelling instruments like the dumpy level, abney level, and clinometer are
used to determine elevation differences, produce contour maps, and plot sections.

13. Value-added response: Learners may apply these instruments to practical scenarios
such as road construction, €anal planning, and agricultural land management, showing how
elevation data informs design and sustainability.

Basic response: Modern electronic instruments such as EDM devices and total stations
improve accuracy, efficiency, and support digital surveying.

14. Value-added response: Outstanding learners may evaluate how these instruments
integrate with GIS, support urban planning, and enable data sharing, transforming surveying
into a multidisciplinary tool for infrastructure and environmental monitoring.

Answers to Pilot Questions [Series 2]
Part 2.1 Introduction to survey instruments

e Survey instruments are tools used to measure distances, angles, and elevations with
accuracy. Their purpose is to aid in the collection of spatial data for land measurement
and mapping.
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o The three main categories of survey instruments are linear measurement instruments,
angular measurement instruments, and levelling instruments.

o Alevelling instrument relies on the principle of a horizontal line of sight.

e One example of an angular measurement instrument is the theodolite.

e Survey instruments should be maintained by cleaning, storing in protective cases,
calibrating regularly, and avoiding exposure to extreme conditions.

Part 2.2 Linear measurement instruments

e Linear measurement instruments are tools used to measure distances directly on the
ground.

e Surveying tapes are commonly made of steel, fibreglass, or cloth.

o Ranging rods are painted with alternating red and white colours to improve visibility and
alignment.

e Arrows are used to mark chain lengths or intermediate points during measurement.

e One practical application of linear measurement instruments is in perimeter surveys to
measure land boundaries.

Part 2.3 Angular measurement instruments

¢ Angular measurement instruments are devices used to measure horizontal and vertical
angles with precision.

The prismatic compass measures bearings relative to magnetic north.

The optical square is used to set out perpendicular lines in surveying.

The theodolite is used to measure both horizontal and vertical angles.

One practical application of angular instruments is in triangulation surveys to determine
the location of unknown points.

Part 2.4 Levelling instruments

e Levelling instruments are devices used to determine differences in elevation and
establish horizontal planes.

e The dumpy level is used to establish a horizontal line of sight and measure relative
heights.

o The abney level'is a handheld instrument used to measure slope angles.

o The clinometer is used to measure vertical angles, often applied in forestry to determine
tree heights.

e Levelling instruments are used in contouring and section plotting to represent terrain and
design engineering works.

Part 2.5 Modern electronic instruments

e . Modern electronic instruments are devices that use electrical signals, lasers, or software
to measure distances and angles with high accuracy.

» . EDM devices use electromagnetic waves, such as light or radio signals, to measure
distances.

o Atotal station combines the functions of a theodolite and an EDM device.

e One advantage of using total stations is that they can store and transfer data digitally,
improving efficiency.

e Modern electronic instruments are applied in digital surveying to produce maps,
integrate with GIS, and support urban planning and environmental monitoring.
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References and Attributions [Series 2]

This section compiles all references, illustration sources, and suggested OER materials used in
Series 2: Survey Instruments: Use and Practical Applications. The referencing style applied
here follows APA guidelines for clarity and consistency.
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e Bannister, A., Raymond, S., & Baker, R. (1998). Surveying. Harlow: Pearson Education.

e Schofield, W., & Breach, M. (2007). Engineering surveying (6th ed.). Oxford:
Butterworth-Heinemann.

e Uren, J., & Price, W. F. (2010). Surveying for engineers (5th ed.). Basingstoke: Palgrave
Macmillan.

e United Nations Human Settlements Programme (UN-Habitat). (2020). Land use planning
and management. Nairobi: UN-Habitat.

e Food and Agriculture Organization (FAO). (2017). Land use planning for sustainable
development. Rome: FAO.

lllustrations and Attributions

o Table 2.1: Classification of survey instruments
o Al-generated prompt: “Create a table showing categories of survey instruments,
examples, and their primary functions.”
o Suggested OER search string: “classification of survey instruments chains
compass dumpy level OER table.”
o Plate 2.1: Measuring distance with a tape
o Al-generated prompt: “Generate an image showing a surveyor using a tape to
measure ground distance.”
o Suggested OER search string: “surveying tape measurement field OER image.”
e Figure 2.1: Use of ranging rods in linear measurement
o _Al-generated prompt: “Create a labelled diagram showing surveyors using
ranging rods to maintain alignment.”
o ' Suggested OER search string: “ranging rods survey alignment OER diagram.”
e _Box 2.2: Practical applications of linear measurement instruments
o . Al-generated prompt: “Create a text box summarising practical applications of
linear measurement instruments in surveying.”
o Suggested OER search string: “linear measurement instruments perimeter
surveys OER summary.”
e Plate 2.2: Surveyor using a prismatic compass
o Al-generated prompt: “Generate an image showing a surveyor using a prismatic
compass to measure bearings.”
o Suggested OER search string: “prismatic compass surveying instrument OER
image.”
e Figure 2.2: Components of a theodolite
o Al-generated prompt: “Create a labelled diagram showing the parts of a
theodolite and their functions.”
o Suggested OER search string: “theodolite components diagram OER.”
P
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e Box 2.3: Practical applications of angular measurement instruments
o Al-generated prompt: “Create a text box summarising practical applications of
angular measurement instruments in surveying.”
o Suggested OER search string: “angular measurement instruments triangulation
mapping OER summary.”
e Figure 2.3: Dumpy level in use for levelling operations
o Al-generated prompt: “Create a labelled diagram showing a dumpy level set up
on a tripod with staff readings.”
o Suggested OER search string: “dumpy level tripod levelling survey OER
diagram.”
o Plate 2.3: Surveyor using an abney level in the field
o Al-generated prompt: “Generate an image showing a surveyor using an abney
level to measure slope in the field.”
o Suggested OER search string: “abney level slope measurement survey OER
image.”
e Box 2.4: Practical applications of levelling instruments
o Al-generated prompt: “Create a text box summarising practical applications of
levelling instruments in surveying.”
o Suggested OER search string: “levelling instruments contouring section plotting
OER summary.”
o Figure 2.4: Principle of EDM devices
o Al-generated prompt: “Create a labelled diagram showing how EDM devices use
electromagnetic wavesto measure distances.”
o Suggested OER search string: “EDM surveying instrument electromagnetic
waves OER diagram.”
e Plate 2.4: Surveyor using a total station
o Al-generated prompt:“Generate an.image showing a surveyor using a total
station on a construction site.”
o Suggested OER search string: “total station surveying construction site OER
image.”
e Box 2.5: Practical applications of modern electronic instruments
o Al-generated prompt: “Create a text box summarising practical applications of
modern electronic instruments in surveying.”
o Suggested OER search string: “modern electronic instruments digital surveying
GIS OER summary.”

Course code: URP 205
Course title: Introduction to Land Surveying

COURSE UNIT : 2 Units

Series 1: Historical Development of Survey Methods and Instruments
Series 2: Survey Instruments and Their Practical Applications

Series 3: Chain, Compass, Plane Table, and Theodolite Surveys
Series 4: Levelling, Plotting Sections, and Contouring
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Series 5: Setting Out Works, Area Computation, and Map Operations

Here is the proposed outline for Series 3:
Part 3.1 Chain survey

e Principles and equipment of chain survey
e Procedures for conducting chain survey
e Advantages, limitations, and applications

Part 3.2 Compass survey

o Types of compasses used in surveying
e Methods of compass surveying (traversing)
e Sources of error and corrections

Part 3.3 Plane table survey

e Equipment and setting up the plane table
e Methods of plane table surveying (radiation, intersection, traversing, resection)
e Applications and limitations

Part 3.4 Theodolite survey

¢ Components and functions of theodolite
e Procedures for measuring horizontal and vertical angles
o Applications in triangulation and engineering works

Part 3.5 Comparative analysis.and integration of methods

e Strengths and weaknesses of each method
o Situations where methods are combined
e Relevance of traditional surveys in modern practice

Introduction

In the last Series, we examined survey instruments and their practical applications, learning how
they are classified, operated, and maintained. Building on that foundation, this Series turns to
specific field survey methods that rely on instruments such as the chain, compass, plane table,
and theodolite. These methods represent the backbone of traditional surveying practice and
remain highly relevant today, both for teaching fundamental skills and for use in situations
where modern electronic devices may not be available.

The aim of this Series is to introduce you to the principles, procedures, and applications of
chain, compass, plane table, and theodolite surveys. It seeks to equip you with the ability to
conduct these surveys accurately, recognise their strengths and limitations, and appreciate their
role in the broader context of land measurement and mapping.

-
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We shall commence this Series by exploring chain survey, focusing on its principles, equipment,
and procedures. Next, we will move on to compass survey, examining types of compasses,
methods of traversing, and common sources of error. Following that, we will continue with plane
table survey, considering its equipment, methods such as radiation and intersection, and
practical applications. Afterwards, we will study theodolite survey, looking at its components,
angle measurement procedures, and uses in triangulation and engineering works. Finally, we
will wrap up by comparing these methods, highlighting their strengths, weaknesses, and
integration, and discussing their continued relevance in modern surveying practice.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e SLO 3.1 define the principles and equipment used in chain survey,

e SLO 3.2 demonstrate the procedures for conducting a compass survey and identify
common sources of error,

e SLO 3.3 apply plane table survey methods such as radiation, intersection, traversing,
and resection to field tasks,

e SLO 3.4 explain the components of theodolite and perform measurements of horizontal
and vertical angles, and

e SLO 3.5 evaluate the strengths, limitations, and integration of chain, compass, plane
table, and theodolite surveys in modern practice.

3.1 Chain Survey

Chain survey is one of the simplest and oldest methods of surveying. It involves measuring
straight distanceson the ground using chains or tapes, and recording them to produce maps or
plans. Chain survey is a method of surveying in which only linear measurements are taken,
without considering angles. It is best suited for small, level areas with few details.

Fill in the blank: Chain survey is a method of surveying in which only
measurements are taken.

3.141 Principles and equipment of chain survey

The principle of chain survey is based on dividing the area into a network of triangles, since a
triangle is the simplest figure that can be plotted accurately. The main equipment includes the
surveying chain (a series of linked metal segments), tape (a flexible strip marked with units),
ranging rods (painted poles used for alignment), and arrows (metal markers for chain lengths).

Fill in the blank: The principle of chain survey is based on dividing the area into a network of
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Equipment

Description

Function

Chain

A series of linked galvanized mild
steel wires, commonly 20m or 30m
long, with brass handles at both
ends.

Used for measuring long distances
on the ground where extreme
precision isn't required.

Tape

A flexible strip made of steel,
synthetic material, or fiberglass,
typically in lengths of 10m to 50m.

Used for taking offsets (short
measurements) and for more
precise measurements than the
chain.

Ranging
Rods

Poles (2m or 3m tall) painted with
alternating bands of red and white
or black and white.

Used for marking the positions of
stations and maintaining a straight
line during measurement.

Arrows

Hardened steel wire pins (usually
40cm long) with a‘loop at the top.

Used to mark the end of each chain
length on the ground during the
measurement process.

3.1.2 Procedures for conducting chain survey

Table 3.1: Equipment used in chain survey

The procedure begins with reconnaissance, where the surveyor inspects the area to identify
main stations and suitable lines. Next, the surveyor sets out a framework of triangles using
chains and ranging rods. Measurements are taken along the sides, and offsets are recorded to
capture details such as boundaries or features. Finally, the data is plotted on paper to produce a

plan.

Fill'in the blank: The procedure of chain survey begins with
inspects the area.
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Figure 3.1: Triangulrar Framework in Chain Survey -
- Establishing Acwracy in Land Measurement
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Diagram showing a triangular framework in chain survey.

Figure 3.1: Triangular framework in chain survey

3.1.3 Advantages, limitations, and applications

Chain survey is simple, inexpensive, and requires minimal equipment. It is suitable for small
areas, open fields, and agricultural plots. However, it is limited by uneven terrain, obstacles, and
lack of angular measurements, which reduce accuracy. Despite these limitations, chain survey
remains useful for preliminary surveys, educational purposes, and small-scale mapping.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Fill in the blank: Chain survey is suitable for small areas, open fields, and

plots.

Advantages

Limitations

Simplicity: Does not require advanced
mathematical knowledge or complex
electronic calibration.

Topographical Constraints: Extremely
difficult and inaccurate on hilly, undulating,
or broken ground.

Low Resource Requirement: Uses basic,
durable tools like chains and ranging rods
that are easy to transport.

Scale Issues: Unsuitable for large-scale
surveys or mapping entire townships due to
cumulative errors.

Economic: The most cost-effective method
for small, flat residential plots or agricultural
fields.

Obstacle Sensitivity: Accuracy drops
significantly when obstacles (buildings,
dense bush) block the line of sight.

Rapid Fieldwork: For small, clear areas, a
team can complete a perimetersurvey and
offsets very quickly.

Linear Only: Since no angles are
measured, it cannot detect "swing" errors in
the framework without tie lines.

Box 3.1: Advantages and limitations of chain survey

Pilot.questions 3.1

£ B G0 —

3.2 Compass Survey
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Define chain survey and state its principle.

List three main pieces of equipment used in chain survey.
What is the first step in conducting a chain survey?

Why is chain survey unsuitable for large or uneven areas?
Mention one practical application of chain survey.




Compass survey is a method of surveying in which directions of survey lines are determined
using a compass, and distances are measured with a chain or tape. Compass survey is a
technique that combines linear measurement with angular measurement based on bearings. It
is particularly useful for medium-sized areas where accuracy requirements are moderate.

Fill in the blank: Compass survey combines linear measurement with
measurement based on bearings.

3.2.1 Types of compasses used in surveying

The two main types of compasses used in surveying are the prismatic compass and the
surveyor’s compass. The prismatic compass allows the surveyor to read bearings directly
while sighting an object, using a prism to magnify the graduations. The surveyor’s compass, on
the other hand, has a needle that points to magnetic north and graduations read from above.
Both instruments are portable and easy to use in the field.

Fill in the blank: The prismatic compass allows the surveyor to.read directly while
sighting an object.
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Plate 3.1: Prismaitic Compass in Use -
Field Surveying for Bearings
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Image showing a prismatic compass used in field surveying.

Plate 3.1: Prismatic compass in use

3.2.2 Methods of compass surveying (traversing)

The main method of compass surveying is traversing, which involves measuring a series of
connected lines to form a framework. Traverses can be open (not returning to the starting point)
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or closed (forming a polygon). Bearings are recorded for each line, and distances are
measured with a chain or tape. The data is then plotted to produce a plan.

Fill in the blank: In compass surveying, traverses can be or closed, depending on
whether they return to the starting point.

Figure 3.2: Open and Closed Traveed Travess -
~ Compass Surveying Methods for Land Measurement
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Diagram showing open and closed traverses in compass surveying.

Figure 3.2: Open and closed traverses

3.2.3 Sources of error and corrections
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Compass surveys are subject to errors caused by local attraction, instrumental defects, and

human mistakes. Local attraction occurs when nearby metallic objects or electrical currents
affect the compass needle. Instrumental errors may arise from imperfect graduation or faulty
pivoting of the needle. Human errors include incorrect sighting or recording. Corrections involve
checking bearings against known directions, avoiding metallic interference, and recalibrating

instruments regularly.

Fill in the blank: Local attraction occurs when nearby

affect the compass needle.

objects or electrical.currents

Error Category Source of Error Recommended Correction
Local Attraction Interference from metallic Detection: Compare Forward and Back
objects like steel fences, bearings (difference should be
underground pipes, or $180"\circ}$). Correction: Apply
power lines. mathematical adjustments to affected
stations.

Instrumental Sluggish needle, bent Maintenance: Ensure the needle pivots
Errors pivot, or a non-horizontal freely. Frequently check the instrument
graduated ring. against a known, non-magnetic baseline.
Observational Incorrect sighting of Standardization: Align the sighting vane

(Human) Errors

ranging rods, parallax
errors in reading, or
wrong data entry.

and hair perfectly with the target. Always
take a "repeat reading" after the needle
settles.

Box 3.2: Common errors in compass survey and their corrections

Pilot questions 3.2

o E
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Define compass survey and state its principle.

Name the two main types of compasses used in surveying.
What is the main method of compass surveying?
Distinguish between open and closed traverses.

What is local attraction, and how can it be corrected?




3.3 Plane Table Survey

Plane table survey is a graphical method of surveying in which field observations and plotting
are done simultaneously. Plane table survey is a technique where the surveyor records details
directly on a drawing sheet fixed to a plane table, eliminating the need for separate field notes. It
is particularly useful for small areas and provides a quick visual representation of the terrain.

Fill in the blank: Plane table survey is a technique where observations and are
done simultaneously.

3.3.1 Equipment and setting up the plane table

The main equipment includes the plane table (a drawing board mounted on a tripod), alidade
(a sighting device used to draw lines), plumbing fork (used to centre the table over a station),
and spirit level (used to level the table). Setting up involves fixing the drawing sheet, centring
the table over the station, and levelling it to ensure accuracy.

Fill in the blank: The

fork is used to centre the plane table over a station.

Equipment

Description

Function

Plane Table

A smooth, flat drawing board
(usually $60 \text{fem} \times 75
\text{cm}$) mounted on a sturdy

tripod.

Acts as the "drawing desk" in the
field where the map is constructed.

arm.

Alidade A straight-edge ruler with sighting Used for sighting objects and
vanes (manual) or a telescope drawing lines (rays) toward them
(optical). along its edge.
Plumbing A U-shaped metal frame with a Used to "center" the table, ensuring
Fork plumb bob attached to the lower the point on the paper is exactly

over the station on the ground.

-
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Spirit Level A small tube containing liquid and Used to ensure the table is
an air bubble. perfectly horizontal before
surveying begins.

Table 3.3: Equipment used in plane table survey

3.3.2 Methods of plane table surveying (radiation, intersection, traversing,
resection)

There are four main methods:

o Radiation: Lines are drawn from a central station to surrounding points.

o Intersection: Positions of points are determined by intersecting rays drawn from two
stations.

o Traversing: Successive stations are plotted by measuring distances and directions.

o Resection: The position of the plane table is determined by sighting known points.

Fill in the blank: In the methaod, positions of points are determined by intersecting
rays drawn from two stations.

-
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Figure 3.3: Methods of Plane Table Surveying - ©
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Figure 3.3: Methods of plane table surveying

3.3.3 Applications and limitations

Plane table survey is widely used for small-scale mapping, reconnaissance surveys, and filling
in details on large-scale maps. It is simple, inexpensive, and provides immediate visual results.
However, it is limited by weather conditions, difficulty in handling large areas, and lower
accuracy compared to modern instruments.
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Fill in the blank: Plane table survey is widely used for small-scale and
reconnaissance surveys.

Applications Limitations
Small-Scale Mapping: Ideal for creating Weather Dependency: Because the
layout plans for small estates, school drawing paper is exposed, work must stop
campuses, or public parks. immediately during rain or high winds.
Reconnaissance Surveys: Excellent for Scale & Distance: Not suitable for large-
quick "scoping" missions to identify the scale projects or mapping vast distances
general topography before a major project. due to cumulative plotting errors.
Detailing: Used to "fill in" specific features Lower Precision: Since all
(trees, manholes, fence corners) on‘a primary. measurements are hand-drawn in the
framework created by more precise field, it cannot achieve the millimeter
instruments. accuracy of a Total Station.
Direct Visualization: Since the map grows Logistics: The equipment (board, tripod,
as you work, any errors or missed features alidade) is bulky and can be difficult to
are spotted immediately while still on-site. maneuver in dense brush or heavy traffic.

Box 3.3: Applications and limitations of plane table survey

Pilot questions 3.3

Define plane table survey and state its principle.

List four main pieces of equipment used in plane table survey.
Name the four methods of plane table surveying.

Which method determines positions of points by intersecting rays?
Mention one limitation of plane table survey.

- Cally 4=
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3.4 Theodolite Survey

Theodolite survey is one of the most precise methods of surveying, used to measure both
horizontal and vertical angles. Theodolite survey is a technique that employs a specialised
instrument called the theodolite, which combines a telescope with graduated circles to.achieve
accurate angular measurements. It is widely applied in triangulation, engineering works, and
mapping projects.

Fill in the blank: Theodolite survey is used to measure both and vertical angles.

3.4.1 Components and functions of theodolite

A theodolite consists of several key components: the telescope (used for sighting objects), the
horizontal circle (graduated for measuring horizontal angles), the vertical circle (graduated for
measuring vertical angles), and the tripod (provides stability). Other parts include the spirit level
for levelling, and the plumb bob for centring the instrument over a station. Each component
plays a vital role in ensuring accuracy during measurement.

Fill in the blank: The circle of a theodolite is graduated for measuring horizontal
angles.

-
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Figure 3.4: Components of a theodolite

3.4.2 Procedures for measuring horizontal and vertical angles
The procedure begins with setting up the theodolite by centring it over the station and levelling

it. For horizontal angles, the surveyor sights the first object, sets the reading to zero, then
rotates the telescope to sight the second object and records the angle. For vertical angles, the

\” ‘J
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telescope is tilted upwards or downwards to sight the object, and the angle is read from the
vertical circle. Accuracy depends on careful alignment and steady handling.

Fill in the blank: To measure a horizontal angle, the surveyor first sights the initial object and
sets the reading to

Vertical Angle
i

- e A S ST T 3
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= larreying for larroste; diopies for integrane tane e bigimt teffient
= data collezctiong in contemperarry and, land projects.
sureving.

Total Station (Blue)
I8 Reflector (Red
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Image showing a surveyor using a theodolite to measure angles on a construction site.
Plate 3.4: Surveyor using a theodolite

3.4.3 Applications in triangulation and engineering works

Theodolite surveys are essential in triangulation, where angles measured from known points
are used to determine the positions of unknown points. They are also widely applied in

Do)
B ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



engineering works such as road alignment, bridge construction, and large-scale mapping. The
precision of theodolite measurements makes them indispensable for projects requiring high
accuracy.

Fill in the blank: Theodolite surveys are essential in , Where angles measured from
known points determine positions of unknown points.

Application Description Role of the Theodolite
Triangulation Creating a vast "skeleton" of Precisely measuring the. internal
Surveys coordinates over a city or angles of large triangles to calculate
region. distances across the landscape.
Road Alignment Defining the centerlines, Setting out precise horizontal curves
curves, and gradients of and ensuring the road follows the
highways. planned "bearings."
Bridge Coordinating the alignment of Measuring vertical angles to control
Construction piers and abutments across heights and horizontal angles for
water bodies. perfect structural alignment.
Large-Scale Layoutfor skyscrapers, Transferring 2D architectural plans
Engineering dams, and industrial into the 3D physical world with high
complexes. accuracy.

Box 3.4: Applications of theodolite survey

Pilot questions 3.4

Define theodolite survey and state its purpose.

List four main components of a theodolite.

What is the procedure for measuring a horizontal angle?

How are vertical angles measured with a theodolite?

Mention one application of theodolite survey in engineering works.

abrwN=
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3.5 Comparative Analysis and Integration of Methods

Surveying methods such as chain, compass, plane table, and theodolite surveys each have
unique characteristics. Comparative analysis involves examining the strengths and
weaknesses of these methods, while integration of methods refers to combining them in
practice to achieve more accurate and efficient results. Understanding these aspects helps
surveyors select the most suitable approach for different projects.

Fill in the blank: Comparative analysis involves examining the and weaknesses of
different survey methods.

3.5.1 Strengths and weaknesses of each method

Each method has distinct advantages and limitations. Chain survey is simple and inexpensive
but unsuitable for large or uneven areas. Compass survey allows measurement of bearings but
is affected by local attraction. Plane table survey provides immediate graphical results but is
less accurate and weather-dependent. Theodolite survey offers high precision but requires more
skill and time.

Fill in the blank: Compass survey is affected by attraction, which can distort
readings.
Method Best Use Case Primary Strengths Primary Weaknesses
Chain Small, level plots Simple & Cheap: No Rigid: Fails on hilly
Survey (eqg., a single complex math or ground or where
residential lot). expensive electronics obstacles block the line.
required.
Compass Large, wooded Speed & Direction: Magnetic Sensitivity:
Survey areas or Can navigate around High risk of error from
reconnaissance. obstacles by “Local Attraction”
measuring bearings. (metal/power lines).

-
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Plane
Table

Small-scale mapping
and detailing (e.g.,
parks).

Real-time Plotting:
The map is drawn in
the field; errors are
spotted immediately.

Vulnerable: Rain or
wind can ruin the
paper; least accurate
plotting method.

Theodolite

Engineering, roads,
and high-rise
construction.

Extreme Precision:
Measures horizontal
and vertical angles to
seconds of a degree.

Technical: Requires
significant training and
time for setup and
calculation.

Table 3.5: Strengths and weaknesses of survey methods

3.5.2 Situations where methods are combined

In practice, surveyors often combine methods to overcome limitations. For example, chain
survey may be used for measuring distances, while compass survey provides bearings for
orientation. Plane table survey can be integrated to plot details quickly, and theodolite survey
ensures precision in triangulation. Combining methods allows surveyors to balance simplicity,
speed, and accuracy.

Fill in the blank: Surveyors often combine methods to balance simplicity, , and

accuracy.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS




2. High Pstation & Theodolite Sight
Theasrcationt & Layout

2. Compass & Travse Survey
Measureent & Layout

Master Survey
" Control Network

Lo 5

PR,

3. Comse Table Survey\\

Measurement&Beanngs\\\~%:f//":’ 5 o Angle Staucusrement)

; A fouddatinal visual reference demonstrring the practical of "
: tradmonal of tradition. and modern techniques — chain, compass &
comprehen51se site plan for land development projects.

T T g™

i

Legend
B Chain/Tape Line
[ Plane Table/Sight)

I
I

TR,

D/agré}n showing /ntegrat/on of chain, compass, plane table, and theodollte surveys in a pI’OjeCt
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3.5.3 Relevance of traditional surveys in modern practice

Although modern electronic instruments dominate surveying today, traditional methods remain
relevant. They are valuable for teaching fundamental principles, conducting surveys in resource-
limited settings, and serving as backup when electronic devices fail. Moreover, they provide
historical continuity and help surveyors appreciate the evolution of their profession.
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Fill in the blank: Traditional survey methods remain relevant as when electronic
devices fail.

Relevance Description
Foundational Teaching the core geometric and trigonometric principles that
Learning modern software automates.
Resource Providing reliable measurement solutions in areas without electricity,
Constraints high-speed internet, or expensive tech support.
Redundancy & Serving as a critical "Plan B" when electronic sensors fail, batteries
Backup die, or satellite signals areblocked.
Historical Allowing modern surveyors.to understand and retrace old
Continuity boundaries created with chains and compasses decades ago.

Box 3.5: Relevance of traditional survey methods

Pilot questions 3.5

What is meant by comparative analysis in surveying?

State one strength and one weakness of chain survey.

Why is compass survey affected by local attraction?

Give an example of how two methods can be combined in practice.
Mention one reason why traditional survey methods remain relevant today.

o By =

Series Summary
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This Series has focused on the practical field methods of surveying using chain, compass, plane
table, and theodolite. Its purpose was to build on your understanding of survey instruments by
showing how they are applied in real survey tasks, highlighting their relevance for both
traditional practice and modern applications. These methods remain important because they
provide foundational skills, are cost-effective in certain contexts, and help surveyors appreciate
the evolution of their profession.

We began with chain survey, examining its principles, equipment, and procedures, before
moving on to compass survey, where bearings and traverses were introduced alongside
common errors and corrections. Next, we explored plane table survey, learning about its
equipment and graphical methods such as radiation, intersection, traversing, and resection.
Afterwards, we studied theodolite survey, focusing on its components, angle measurement
procedures, and applications in triangulation and engineering works. Finally,, we compared the
strengths and weaknesses of these methods, discussed how they can be integrated, and
reflected on their continued relevance. In line with the Series Learning Outcomes;you should
now be able to define the principles of chain survey, demonstrate compass traversing, apply
plane table methods, explain theodolite procedures, and evaluate the comparative role of these
traditional surveys in modern practice.

Glossary of Terms

o Alidade: A sighting device with a straight edge used on a plane table to draw survey
lines.

e Arrows: Small metal markers placed in the ground to indicate chain lengths or
intermediate points duringimeasurement.

e Chain survey: A method of surveying in.which only linear measurements are taken
using chains or tapes, without considering angles.

e Compass survey: A method of surveying that combines linear measurement with
angular measurement based on bearings, using a compass.

o Dumpy level: A telescope mounted on a tripod, used to establish a horizontal line of
sight and measure relative heights.

e Local attraction: A source of error in compass surveying caused by nearby metallic
objects or electrical currents affecting the compass needle.

o Optical square: A small instrument that uses mirrors to set out perpendicular lines in
surveying.

o ' Plane table survey: A graphical method of surveying where observations and plotting
are done simultaneously on a drawing sheet fixed to a plane table.

e Plumbing fork: A metal fork with a plumb bob used to centre the plane table over a
survey station.

e Prismatic compass: A portable compass that allows bearings to be read directly while
sighting an object, using a prism to magnify graduations.

o Radiation method: A plane table surveying technique where lines are drawn from a
central station to surrounding points.

¢ Resection method: A plane table surveying technique used to determine the position of
the plane table by sighting known points.

e Ranging rods: Straight poles, usually painted with alternating red and white bands,
used to mark points and maintain alignment in surveying.
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e Spirit level: A bubble level used to ensure that the plane table or instrument is set
horizontally.

e Surveyor’s compass: A type of compass where bearings are read from above, with the
needle pointing to magnetic north.

e Theodolite: A precision instrument used to measure both horizontal and vertical angles,
widely applied in triangulation and engineering works.

o Traversing: A surveying method involving a series of connected lines, which can be
open (not returning to the starting point) or closed (forming a polygon).

o Triangulation: A surveying technique where angles measured from known points.are
used to determine the positions of unknown points.

Concept Check Questions [Series 3]
Objective Questions

Which of the following is the principle of chain survey?
a) Measuring angles only

b) Dividing the area into triangles

¢) Using bearings for orientation

d) Plotting details graphically

1. (Linked to SLO 3.1)

The prismatic compass measures bearings relative to:
a) True north

b) Grid north

c) Magnetic north

d) Astronomical north

2. (Linked to SLO 3.2)

Which of the following is not a method of plane table surveying?
a) Radiation

b) Intersection

c) Traversing

d) Levelling

3. (Linked to SLO 3.3)

The horizontal circle of a theodolite is used to measure:
a) Distances

b) Bearings

¢) Horizontal angles

d) Vertical angles

4. (Linked to SLO 3.4)

Which survey method is most affected by local attraction?
a) Chain survey

-
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b) Compass survey
c) Plane table survey
d) Theodolite survey

5. (Linked to SLO 3.2)

Short-Answer Questions

6. Define chain survey and state its principle. (Linked to SLO 3.1)

7. Mention two main types of compasses used in surveying. (Linked to SLO.3:2)

8. List the four methods of plane table surveying. (Linked to SLO 3.3)

9. State one procedure for measuring a horizontal angle with a theodolite. (Linked to SLO
3.4)

10. Give one reason why traditional survey methods remain relevant today. (Linked to SLO
3.5)

Long-Answer Questions

11. Explain the strengths and weaknesses of chain survey. (Linked to SLO 3.1)

12. Demonstrate how compass traversing is conducted, distinguishing between open and
closed traverses. (Linked to SLO 3.2)

13. Apply the methods of plane table surveying (radiation, intersection, traversing, resection)
to practical field tasks. (Linked to SLO_3.3)

14. Describe the components of a theodolite and outline the procedures for measuring
horizontal and vertical angles. (Linked to SLO 3.4)
15. Evaluate the comparative role of chain, compass, plane table, and theodolite surveys in

modern practice. (Linked to SLO 3.5)
Answers to Concept Check Questions [Series 3]
Objective Questions

b) Dividing the ‘area into triangles
c) Magnetic'north

d) Levelling

c) Horizontal angles

b) Compass survey

o=

Short-Answer Questions

6. Chain survey is a method of surveying in which only linear measurements are taken,
based on dividing the area into a network of triangles.

7. Prismatic compass and surveyor’s compass.

8. Radiation, intersection, traversing, and resection.

9. The surveyor sights the first object, sets the reading to zero, then rotates to sight the

second object and records the angle.
10. They serve as backup when electronic devices fail and are useful for teaching
fundamental principles.

Long-Answer Questions

-
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Basic response: Chain survey is simple and inexpensive, but unsuitable for large or uneven
areas and lacks angular measurement.

11. Value-added response: Learners may add that chain survey is useful for small plots,
agricultural fields, and preliminary surveys, but its limitations make it less effective for complex
projects.

Basic response: Compass traversing involves measuring bearings and distances along
connected lines. Open traverses do not return to the starting point, while closed traverses form
a polygon.

12. Value-added response: Learners may expand by explaining how traverses are plotted,
how errors such as local attraction are corrected, and how closed traverses are checked for
accuracy.

Basic response: Radiation involves drawing lines from a central station, intersection uses rays
from two stations, traversing plots successive stations, and resection determines the table’s
position by sighting known points.

13. Value-added response: Learners may apply these methods to practical tasks such as
reconnaissance surveys, filling in map details, or small-scale mapping projects.

Basic response: A theodolite consists.of a telescope, horizontal circle, vertical circle, tripod,
spirit level, and plumb bob. Horizontal angles are measured by sighting two objects, while
vertical angles are measured by tilting the telescope.

14. Value-added response: Learners may add that theodolites are essential in
triangulation, road alignment, and bridge construction, where precision is critical.

Basic response: Chain surveyiis simple, compass survey provides bearings, plane table
survey offers graphical plotting, and theodolite survey ensures precision.

15. Value-added response: Learners may evaluate how these methods can be integrated,
their relevance in resource-limited settings, and their role as foundational skills in modern
surveying alongside electronic instruments.

Answers to Pilot Questions [3]
Part 3.1 Chain survey

e . Chain survey is a method of surveying in which only linear measurements are taken,
based on dividing the area into a network of triangles.

e The principle is based on triangulation, where the area is divided into triangles for
accurate plotting.

e The main pieces of equipment are chain, tape, ranging rods, and arrows.

o The first step is reconnaissance, where the surveyor inspects the area and identifies
main stations.

e Chain survey is unsuitable for large or uneven areas because it cannot account for
angular measurements and obstacles.
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e One practical application is measuring boundaries of small agricultural plots.
Part 3.2 Compass survey

e Compass survey is a method of surveying that combines linear measurement with
angular measurement based on bearings.

The two main types of compasses are prismatic compass and surveyor’'s compass.

The main method of compass surveying is traversing.

Open traverses do not return to the starting point, while closed traverses form a polygon.
Local attraction is the deflection of the compass needle caused by nearby metallic
objects or electrical currents, and it can be corrected by checking bearings against
known directions and avoiding interference.

Part 3.3 Plane table survey

o Plane table survey is a graphical method of surveying where observations and plotting
are done simultaneously.

e The four main pieces of equipment are plane table, alidade; plumbing fork, and spirit
level.

o The four methods are radiation, intersection, traversing; and resection.

o The intersection method determines positions of points by.intersecting rays drawn from
two stations.

e One limitation is that plane table survey. is less accurate and affected by weather
conditions.

Part 3.4 Theodolite survey

e Theodolite survey is a precise method of surveying used to measure both horizontal and
vertical angles.

 The main componentsare telescope, horizontal circle, vertical circle, tripod, spirit level,
and plumb bob.

e To measure a horizontal angle, the surveyor sights the first object, sets the reading to
zero, then rotates to sight the second object and records the angle.

e Vertical angles are measured by tilting the telescope upwards or downwards and
reading the angle from the vertical circle.

e One application is in engineering works such as road alignment or bridge construction.

Part 3.5 Comparative analysis and integration of methods

e ' Comparative analysis in surveying means examining the strengths and weaknesses of
different methods.

o One strength of chain survey is its simplicity, while one weakness is its unsuitability for
large or uneven areas.

o Compass survey is affected by local attraction because metallic objects or electrical
currents distort the compass needle.

e An example of combining methods is using chain survey for distances and compass
survey for bearings.

o Traditional survey methods remain relevant today because they are useful in resource-
limited settings and serve as backup when modern instruments fail.

rp
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References and Attributions [Series 3]

This section compiles all references, illustration sources, and suggested OER materials used in
Series 3: Field Surveys with Chain, Compass, Plane Table, and Theodolite. The
referencing style applied here follows APA guidelines for clarity and consistency.

General References

o Bannister, A., Raymond, S., & Baker, R. (1998). Surveying. Harlow: Pearson Education.

e Schofield, W., & Breach, M. (2007). Engineering surveying (6th ed.). Oxford:
Butterworth-Heinemann.

e Uren, J., & Price, W. F. (2010). Surveying for engineers (5th ed.). Basingstoke: Palgrave
Macmillan.

e United Nations Human Settlements Programme (UN-Habitat). (2020). Land use planning
and management. Nairobi: UN-Habitat.

e Food and Agriculture Organization (FAO). (2017). Land use planning.for sustainable
development. Rome: FAO.

Illustrations and Attributions

e Table 3.1: Equipment used in chain survey
o Al-generated prompt: “Create a table listing equipment used in chain survey, with
descriptions and functions.”
o Suggested OER search string: “chain survey equipment table OER.”
e Figure 3.1: Triangular framework in chain survey
o Al-generated prompt: “Create a labelled diagram showing triangular framework
used in chain survey.”
o Suggested OER search string: “chain survey triangular framework OER
diagram.”
e Box 3.1: Advantages-and limitations of chain survey
o Al-generated prompt: “Create a text box summarising advantages and limitations
of chain survey.”
o Suggested OER search string: “advantages limitations chain survey OER
summary.”
e Plate 3.1:Prismatic compass in use
o [ Al-generated prompt: “Generate an image showing a prismatic compass being
used in field surveying.”
o Suggested OER search string: “prismatic compass surveying OER image.”
o | Figure 3.2: Open and closed traverses
o - Al-generated prompt: “Create a labelled diagram showing open and closed
traverses in compass surveying.”
o Suggested OER search string: “compass survey open closed traverse OER
diagram.”
e Box 3.2: Common errors in compass survey and their corrections
o Al-generated prompt: “Create a text box summarising common errors in compass
survey and their corrections.”
o Suggested OER search string: “compass survey errors corrections OER
summary.”
e Table 3.3: Equipment used in plane table survey
o Al-generated prompt: “Create a table listing equipment used in plane table
survey, with descriptions and functions.”
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o Suggested OER search string: “plane table survey equipment OER table.”
e Figure 3.3: Methods of plane table surveying
o Al-generated prompt: “Create a labelled diagram showing radiation, intersection,
traversing, and resection methods of plane table surveying.”
o Suggested OER search string: “plane table survey methods radiation intersection
traversing resection OER diagram.”
e Box 3.3: Applications and limitations of plane table survey
o Al-generated prompt: “Create a text box summarising applications anddimitations
of plane table survey.”
o Suggested OER search string: “applications limitations plane table survey OER
summary.”
e Figure 3.4: Components of a theodolite
o Al-generated prompt: “Create a labelled diagram showingthe main.components
of a theodolite and their functions.”
o Suggested OER search string: “theodolite components diagram OER.”
e Plate 3.4: Surveyor using a theodolite
o Al-generated prompt: “Generate an image showing a surveyor using a theodolite
to measure angles on a construction site.”
o Suggested OER search string: “theodolite surveyor measuring angles
construction site OER image.”
e Box 3.4: Applications of theodolite survey
o Al-generated prompt: “Create a text box summarising applications of theodolite
survey in triangulation and engineering works.”
o Suggested OER search string: “applications of theodolite survey triangulation
engineering OER summary.”
e Table 3.5: Strengths and weaknesses of survey methods
o Al-generated prompt;“Create a table comparing strengths and weaknesses of
chain, compass, plane table, and theodolite surveys.”
o Suggested OER search string: “comparative analysis survey methods chain
compass plane table theodolite OER table.”
e Figure 3.5: Integration of survey methods in practice
o Al-generated prompt: “Create a diagram showing how chain, compass, plane
table, and theodolite surveys can be integrated in a project.”
o Suggested OER search string: “integration of survey methods chain compass
plane table theodolite OER diagram.”
e Box 3.5: Relevance of traditional survey methods
o ' Al-generated prompt: “Create a text box summarising the relevance of traditional
survey methods in modern practice.”
o . Suggested OER search string: “relevance of traditional survey methods modern
practice OER summary.”

Course code: URP 205
Course title: Introduction to Land Surveying
COURSE UNIT : 2 Units
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Series 1: Historical Development of Survey Methods and Instruments
Series 2: Survey Instruments and Their Practical Applications

Series 3: Chain, Compass, Plane Table, and Theodolite Surveys
Series 4: Levelling, Plotting Sections, and Contouring

Series 5: Setting Out Works, Area Computation, and Map Operations

Here is the proposed outline for Series 4:
Part 4.1 Levelling principles and instruments

o Definition and purpose of levelling
o Types of levelling instruments (dumpy level, abney level, clinometer)
e Procedures for setting up and using levelling instruments

Part 4.2 Levelling methods and applications

o Simple levelling
o Differential levelling
¢ Applications in engineering and land surveys

Part 4.3 Plotting sections

e Longitudinal sections
o Cross-sections
o Uses of plotted sections in design and construction

Part 4.4 Contouring

e Definition and characteristics of contourlines
e Methods of contouring (direct and indirect)
e Applications of contour maps in planning and engineering

Part 4.5 Comparative analysis and integration

« Relationship between.levelling, sections, and contouring
o Strengths and limitations of each method
e Integration in practical surveying projects

Introduction

In the last Series, we explored field survey methods using chain, compass, plane table, and
theodolite, gaining practical skills in measuring distances, bearings, and angles. Building on that
foundation, this Series turns to levelling, plotting sections, and contouring, which are
essential techniques for representing the vertical dimension of land. These methods allow
surveyors to determine differences in elevation, produce profiles of the ground, and create
contour maps that are vital for engineering design, construction, and land-use planning.
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The aim of this Series is to introduce you to the principles, instruments, and methods of
levelling, and to equip you with the ability to plot sections and generate contour maps. By the
end of the Series, you will be able to apply these techniques to practical surveying tasks and
appreciate their importance in both traditional and modern contexts.

We shall commence this Series by examining the principles of levelling and the instruments
used to carry it out. Next, we will move on to levelling methods such as simple and differential
levelling, considering their applications in engineering and land surveys. Following that, we will
explore plotting sections, including longitudinal and cross-sections, and their uses in design and
construction. Afterwards, we will study contouring, focusing on the characteristics of contour
lines, methods of contouring, and the applications of contour maps. Finally, we will wrap.up by
comparing and integrating these methods, highlighting their strengths, limitations, and combined
relevance in practical surveying projects.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e« SLO 4.1 define the principles of levelling and identify the instruments used to carry it out,

e SLO 4.2 demonstrate the procedures for conducting simple and differential levelling,

e SLO 4.3 apply plotting techniques to produce longitudinal and cross-sections for survey
projects,

e SLO 4.4 explain the characteristics of contour lines and perform contouring using direct
and indirect methods, and

e SLO 4.5 evaluate the relationship, strengths, and limitations of levelling, section plotting,
and contouring, and discuss their integration in practical surveying tasks.

4.1 Levelling Principles and Instruments

Levelling is one of the most fundamental operations in surveying. Levelling is the process of
determining the relative heights of points on the earth’s surface and establishing them with
respect tora chosen reference, usually called a datum. It is essential for producing maps,
designing roads, bridges, and drainage systems, and ensuring that construction projects are
carried out accurately.

Fillin the blank: Levelling is the process of determining the relative of points on the
earth’s surface.

4.1.1 Definition and purpose of levelling
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The purpose of levelling is to measure differences in elevation between points and to transfer
heights from one location to another. This allows surveyors to prepare profiles of the ground,
design gradients for roads and railways, and establish levels for construction projects. Levelling
ensures that structures are built safely and function as intended.

Fill in the blank: The purpose of levelling is to measure differences in between
points.
Purpose Practical Application
Determine Relative Calculating the difference in elevation between two points to
Heights understand the natural "fall" of the land.
Transfer Elevations Moving a known height (Benchmark) from a government survey

pillar to.a-new construction site.

Design Gradients Establishing the slope for infrastructure like highways, sewage
pipes, and railway tracks to ensure functionality.

Construction Ensuring building foundations, floor levels, and rooflines are
Control perfectly horizontal or as designed.

Box 4.1: Purposes of levelling

4.1.2 Types of levelling instruments
Several instruments are used in levelling, each with specific features:

o Dumpy level: A telescope permanently fixed to its supports, known for stability and
accuracy.

e Abney level: A handheld instrument with a sighting tube and spirit level, used for quick
and approximate measurements.

e Clinometer: A simple device used to measure angles of slope or elevation.

Fill in the blank: The level is a handheld instrument used for quick and approximate
measurements.
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Instrument Description Function
Dumpy A compact, robust telescope To establish a precise horizontal line of
Level rigidly fixed to its supports, sight for determining accurate elevation
mounted on a tripod. differences.
Abney A compact, handheld sighting Used for rapid, approximate
Level tube equipped with a graduated measurements, of slopes and heights
arc and a spirit level. where high precision is not required.
Clinometer A simplified handheld device Primarily used for measuring the angle
(often digital or optical) used to of elevation or depression of a slope.
measure vertical angles.

Table 4.1: Types of levelling instruments

4.1.3 Procedures for setting up and using levelling instruments
The procedure for using levelling-instruments involves three key steps:

e Centring: Positioning the instrument directly over the survey station using a plumb bob.

e Levelling: Adjusting the instrument with foot screws and spirit levels to ensure it is
horizontal.

e /Focusing: Aligning the telescope to obtain a clear view of the staff or target.

These steps ensure accuracy in readings and prevent systematic errors.

Fillin.the blank: The process of adjusting the instrument with foot screws and spirit levels is
called

-
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Figure 4.1: Setting Up a Dumpy Level - Centering,
and Focusing Steps for Survey Accuracy

1. Centring 2. Levelling 3. Focusing

3 | v

A A foundatonal visual reference demonnating the
sequenial process of dumpy level, illustrating in

steps the criticling, and focusing for precise

elevation measurments in land surreving.

[ Dumpy Level (Brown)
[ Levelling Staff
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Diagram showing the setup of a dumpy level with centring, levelling, and focusing steps.
Figure 4.1: Setting up a dumpy level

Pilot. questions 4.1

Define levelling and state its purpose.

List three types of levelling instruments.

Which instrument is handheld and used for approximate measurements?
What are the three main steps in setting up a levelling instrument?

Why is levelling important in construction projects?

orEd =
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4.2 Levelling Methods and Applications

Levelling methods provide different approaches to determining relative heights and transferring
elevations. Each method is suited to particular conditions and levels of accuracy. Levelling
methods are systematic procedures used to measure differences in elevation between points,
while applications refer to the practical uses of these methods in engineering, construction,
and land development.

Fill in the blank: Levelling methods are systematic procedures used to measure differences in
between points.

4.2.1 Simple levelling

Simple levelling is the most basic form of levelling, where the instrument is set up between two
points and readings are taken on a staff placed at each point. The difference between the
readings gives the relative height difference. This method is quick and suitable for short
distances where high accuracy is not required.

Fill in the blank: In simple levelling, the instrument is set up between two points and readings
are taken on a

-
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Diagram showing simple levelling with instrument set between two points and staff readings.
Figure 4.2: Simple levelling setup

4.2.2 Differential levelling

Differential levelling is a more advanced method used to determine the difference in elevation
between two distant points. The instrument is moved successively across intermediate stations,
and readings are taken at each stage. The cumulative differences provide the overall elevation

change. This method is highly accurate and widely used in engineering projects.
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Fill in the blank: Differential levelling is used to determine the difference in elevation between
two points.
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Image showing surveyors conducting differential levelling with a dumpy level and staff.
Plate 4.2: Differential levelling in practice

4.2.3 Applications in engineering and land surveys

Levelling methods are applied in a wide range of practical tasks. In engineering, they are used
to design road gradients, railway alignments, and drainage systems. In construction, levelling
ensures that foundations are laid correctly and structures are built safely. In land surveys,
levelling supports the creation of topographic maps and contour plans.
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Fill in the blank: Levelling ensures that are laid correctly and structures are built
safely.

Application Practical Purpose
Transport Designing road and railway gradients to ensure they are safe for
Engineering vehicles and allow for proper fuel efficiency.
Hydrology & Establishing invert levels for sewers and drains so that wastewater
Drainage flows by gravity toward treatment plants.
Structural Ensuring that building foundations are perfectly level and that
Construction multi-story floor slabs are consistent.
Topographic Producing econtour plans that represent the three-dimensional
Mapping shape of the land on a two-dimensional map.

Box 4.2: Applications of levelling

e Designing road and railway gradients
e Establishing drainage systems
e Laying foundations in construction
e Producing topographic maps and contour plans

Pilot questions 4.2

Define simple levelling and explain how it is carried out.

What is the main difference between simple and differential levelling?

Which levelling method is most suitable for long distances requiring high accuracy?
State two engineering applications of levelling.

Why is levelling important in construction projects?

| tally £
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4.3 Plotting Sections

Plotting sections is an important step in surveying that involves representing the vertical profile
of the ground on paper. Plotting sections refers to the graphical process of drawing
longitudinal or cross-sectional views of the terrain based on levelling data. These sections help
engineers and planners to visualise gradients, slopes, and ground conditions for design and
construction purposes.

Fill in the blank: Plotting sections is the graphical process of drawing Or Cross-
sectional views of the terrain.

4.3.1 Longitudinal sections

A longitudinal section is a profile drawn along the centre line of a survey, such as a road,
railway, or pipeline. It shows the changes in elevation along the length of the project. Levelling
data is plotted on graph paper, with horizontal distances along the x-axis and elevations along
the y-axis. This provides a clear view of gradients and helpsin designing alignments.

Fill in the blank: A longitudinal section shows changes in along the length of a
project.
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Diagram-showing a longitudinal section with horizontal distance on the x-axis and elevation on
the y-axis.
Figure 4.3: Longitudinal section profile

4.3.2 Cross-sections

A cross-section is a profile drawn perpendicular to the centre line of a survey, showing the
ground surface across the width of the project. Cross-sections are taken at regular intervals and
plotted to reveal the shape of the terrain, such as slopes, embankments, or cuttings. They are
particularly useful in construction for calculating earthwork volumes.
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Fill in the blank: A cross-section is drawn to the centre line of a survey.
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Diagram showing a cross-section of terrain across a road alignment.
Figure 4.4: Cross-section of terrain

4.3.3 Uses of plotted sections in design and construction

Plotted sections are widely used in engineering and construction. Longitudinal sections help in
determining gradients and planning alignments for roads, railways, and pipelines. Cross-
sections are used to calculate cut and fill volumes, design embankments, and assess slope
stability. Together, they provide essential information for safe and efficient project design.

-
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Fill in the blank: Cross-sections are used to calculate cut and volumes in
construction projects.

Primary Use Engineering Application

Gradient Design Determining the steepness of roads and railways to ensure they
meet safety and engine-climbing standards.

Pipeline Mapping the vertical path of water and sewage pipes to ensure
Alignment continuous flow via gravity.
Volume Estimating the amount of "Cut and Fill* required to transform natural
Calculation terrain into-a level building site.
Embankment Planning the height and slope of soil walls to prevent erosion and
Design support heavy infrastructure.
Stability Visualizing soil layers and bedrock depth to determine the best
Assessment locations for deep foundations.

Box 4.3: Uses of plotted sections

e Designing road and railway gradients
e Planning pipeline alignments
e Calculating cut and fill volumes
e Designing embankments and slopes
e Assessing ground stability for construction

Pilot questions 4.3

Define plotting sections and state its purpose.

What does a longitudinal section show?

How is a cross-section drawn in relation to the centre line of a survey?
State two uses of longitudinal sections in engineering projects.
Mention one application of cross-sections in construction.

abronN=
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4.4 Contouring

Contouring is a vital surveying technique used to represent the three-dimensional shape of the
land on a two-dimensional map. Contouring is the process of drawing lines on a map that
connect points of equal elevation above a chosen datum. These lines, called contour lines,
provide a clear picture of the terrain, showing slopes, valleys, ridges, and other landforms.

Fill in the blank: Contouring is the process of drawing lines on a map that connect points of
equal

4.4 1 Definition and characteristics of contour lines

Contour lines are imaginary lines that join points of equal elevation. They have several
important characteristics: they never cross each other, they are closer together on steep slopes,
and they are farther apart on gentle slopes. Contour lines provide a simple yet powerful way to
visualise the relief of the land.

Fill in the blank: Contour lines are closer together on slopes and farther apart on
gentle slopes.

-
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Figure 4.5: Characteristics of Contour Lines
— Visualizizing Terrain Slope

1. Steep Slope 2. Gentle Slope

A foundanmal visual reference demontrating the
principles of contour lines, illustrating their spacing to
represand gente slopes for topaparichal mapping.

Legend
l [E Contour Lines (Brown) I

Diagram showing contour lines on steep and gentle slopes.
Figure 4.5: Characteristics of contour lines

4.4.2 Methods of contouring (direct and indirect)
There are two main methods of contouring:

« Direct method: Points of known elevation are located in the field, and contour lines are
drawn through them. This method is accurate but time-consuming.

)
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« Indirect method: Elevations are obtained by levelling a grid of points, and contours are
interpolated between them. This method is faster and more practical for large areas.

Fill in the blank: The method of contouring is accurate but time-consuming.
Method Description Advantages Limitations
Direct The surveyor physically High Accuracy: Labor Intensive:
Method locates points of the Since every point is Extremely slow and
same elevation on the measured on the expensive; only suitable
ground and traces them actual contour, there for very small; high-
with the instrument. is no guesswork precision projects.
involved.
Indirect A grid of elevations Efficiency: Much Approximation: Relies
Method (spots levels) is taken faster and more on mathematical
across the site, and practical for large- interpolation, which may
contour lines are scale urban planning miss small local dips or
“interpolated” or road.projects. bumps between grid
(calculated) between points.
these points.

Table 4.2: Methods of contouring

4.4.3 Applications of contour maps in planning and engineering

Contour maps are widely used in planning and engineering. They help in designing roads,
railways, and canals by showing gradients and slopes. They are also used in locating
reservoirs, drainage systems, and irrigation projects. In urban planning, contour maps assist in
site selection and land development.

Fill in the blank: Contour maps are used in designing roads, railways, and by
showing gradients and slopes.

-
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Application How it is Used
Transport Identifying the path of "least resistance" for roads and railways to
Design avoid steep slopes and minimize construction costs.
Water Planning reservoirs by identifying natural depressionsand calculating
Management the capacity of water they can hold.
Drainage & Ensuring pipes follow the natural fall of the land so.that waste moves
Sewage via gravity, reducing the need for expensive pumps.
Urban Site Identifying flat areas suitable for building-and avoiding zones prone to
Selection landslides or flooding.
Slope Analysis Determining the stability of the ground for agriculture, terracing, or
high-rise foundations.

Box 4.4: Applications of contour maps

o Designing roads, railways, and canals
e _'Planning reservoirs and irrigation projects
o Establishing drainage systems
o Site selection in urban planning
e Land development and slope analysis

Pilot questions 4.4

Define contouring and state its purpose.

What do contour lines represent on a map?

How do contour lines differ on steep and gentle slopes?
Distinguish between the direct and indirect methods of contouring.
Mention two applications of contour maps in engineering projects.

oA @ =
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4.5 Comparative Analysis and Integration

Surveying techniques such as levelling, plotting sections, and contouring are closely related and
often used together in practice. Comparative analysis involves examining the strengths and
limitations of each method, while integration refers to combining them to achieve more
accurate and useful results. Understanding these relationships helps surveyors select the-most
appropriate approach for different projects.

Fill in the blank: Comparative analysis involves examining the strengths and of
each surveying method.

4.5.1 Relationship between levelling, sections, and contouring

Levelling provides the basic data on elevations, which is then used to plot sections and
generate contour maps. Sections show vertical profiles along or across a line, while contouring
represents the terrain in plan view. Together, these methods complement each other by offering
both detailed and general perspectives of the land.

Fill in the blank: Levelling provides the basic data on , which is then used to plot
sections and contours.

-
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Figure 4.6: Relationship Betweling, Sections, and
— Integrated Topograplic Mapping
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Diagram showing the relationship between levelling, plotting sections, and contouring.
Figure 4.6: Relationship between levelling, sections, and contouring

4.5.2 Strengths and limitations of each method

Each method has unique strengths and limitations. Levelling is accurate for determining
elevations but limited to point-to-point measurements. Plotting sections provides detailed
profiles but only along specific lines. Contouring gives a broad view of terrain but requires

interpolation and may be less precise. Recognising these differences allows surveyors to
balance accuracy, detail, and coverage.

Fill in the blank: Plotting sections provides detailed profiles but only along specific .
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basin analysis, and
site selection:

Provides a 3D
overview of the entire
terrain, showing hills,
valleys, and slopes at

a glance.

Method Best Application Primary Strengths Primary Limitations
Levelling Benchmarking, High Precision: Localized: Only tells you
building Provides the absolute about specific points; it
foundations, and "Reduced Level” (RL) doesn't describe the
setting floor levels. of a specific point with shape of the land
millimeter accuracy. between them.
Plotting Road, rail, and Design Clarity: Linear Constraint: Only
Sections pipeline design; Provides a clear shows data along a
earthwork volume vertical profile ($z$- specific line (Longitudinal
calculation. axis) along a specific or Cross); areas outside
path to plan slopes that line remain "blind."
and gradients.
Contouring Urban master Surface Approximation:
planning, drainage Visualization: Accuracy depends on the

density of points;
interpolation can miss
small, sudden changes in
the ground.

Table 4.3: Strengths and limitations of levelling, plotting sections, and contouring

4.5.3 Integration in practical surveying projects

In practice, surveyors integrate these methods to achieve comprehensive results. Levelling
provides elevation data, sections show detailed profiles for design, and contouring offers a
general view for planning. For example, in road construction, levelling ensures gradients are
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correct, sections help calculate earthwork volumes, and contour maps guide alignment
decisions. Integration ensures projects are both accurate and efficient.

Fill in the blank: In road construction, levelling ensures gradients are correct, while sections help
calculate volumes.

Method Role in the Workflow Outcome
Levelling The Foundation: Establishes the precise "Reduced Absolute
Level" (RL) of control points using Benchmarks. Accuracy
Sections The Design Tool: Uses levelling data to create vertical Engineering
profiles along specific routes (roads, pipes). Detail
Contouring The Planning Map: Connects multiple level points to Terrain
visualize the entire landscape’s shape. Overview
Integrated The Solution: Combining these ensures that projects Project
Use are.technically sound, cost-effective, and Efficiency
environmentally adaptive.

Box 4.5: Integration of methods in practice

e Levelling provides elevation data for accuracy
o Sections show detailed profiles for design
e Contouring offers terrain overview for planning
o Combined use ensures efficiency in engineering projects

Pilot questions 4.5

What is meant by comparative analysis in surveying?

How are levelling, plotting sections, and contouring related?

State one strength and one limitation of levelling.

Why are contour maps less precise than levelling data?

Give an example of how these methods are integrated in a practical project.

abrwN=
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Series Summary

This Series has focused on levelling, plotting sections, and contouring, three essential
techniques for representing the vertical and three-dimensional aspects of land in surveying. The
purpose was to equip you with the knowledge and skills needed to measure elevations, produce
ground profiles, and create contour maps, all of which are vital for engineering design,
construction, and planning. These methods build upon the earlier Series on distance and angle
measurement, extending your ability to interpret terrain more comprehensively.

We began by examining the principles of levelling and the instruments used, then - moved on to
methods such as simple and differential levelling and their practical applications. Following that,
we explored plotting sections, including longitudinal and cross-sections, and considered their
uses in design and construction. We continued with contouring, studying the characteristics of
contour lines, methods of contouring, and the applications of contour maps. Finally, we
compared and integrated these methods, highlighting their strengths, limitations, and combined
relevance in practice. In line with the Series Learning Outcomes; you should now be able to
define levelling principles and instruments, demonstrate levelling procedures, apply plotting
techniques, explain contouring methods, and evaluate how.these approaches work together in
surveying projects.

Glossary of Terms

e Abney level: A handheld instrument with a sighting tube and spirit level, used for quick
and approximate levelling measurements.

e Clinometer: A simple device used to measure angles of slope or elevation.

e Contour lines:Imaginary lines drawn on a map that connect points of equal elevation
above a chosen datum.

e Contouring: The process of representing the three-dimensional shape of land on a two-
dimensional. map by drawing contour lines.

o Cross-section: A profile drawn perpendicular to the centre line of a survey, showing the
ground surface across the width of a project.

« _Datum: A reference level from which elevations are measured, often taken as mean sea
level.

« Differential levelling: A method of levelling used to determine the difference in
elevation between two distant points by moving the instrument across intermediate
stations.

o Dumpy level: A telescope permanently fixed to its supports, known for stability and
accuracy in levelling.

o Elevation: The height of a point above a chosen datum.

e Levelling: The process of determining the relative heights of points on the earth’s
surface and transferring them with respect to a datum.

o Levelling methods: Systematic procedures used to measure differences in elevation,
such as simple and differential levelling.

o Longitudinal section: A profile drawn along the centre line of a survey, showing
changes in elevation along the length of a project.
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e Plotting sections: The graphical process of drawing longitudinal or cross-sectional
views of terrain based on levelling data.

o Simple levelling: A basic form of levelling where the instrument is set up between two
points and staff readings are taken to determine relative height differences.

Concept Check Questions [Series 4]
Objective Questions

Levelling is primarily used to determine:
a) Distances between points

b) Relative heights of points

c) Bearings of lines

d) Angles of elevation

1. (Linked to SLO 4.1)

Which instrument is handheld and used for approximate levelling?
a) Dumpy level

b) Abney level

c¢) Clinometer

d) Theodolite

2. (Linked to SLO 4.1)

Differential levelling is most suitable for:
a) Short distances with low accuracy

b) Long distances requiring high accuracy
¢) Measuring bearings

d) Plotting contour lines directly

3. (Linked to SLO 4.2)

A longitudinal section shows:

a) Elevation changes across the width of a project

b) Elevation changes-along the centre line of a project
c¢) Points of equal elevation

d) Bearings between survey stations

4. (Linked to SLO 4.3)

Contour lines that are close together indicate:
a) Gentle slopes

b) Steep slopes

c) Flat terrain

d) Elevation errors

5. (Linked to SLO 4.4)

-
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Short-Answer Questions

6. Define levelling and state its purpose. (Linked to SLO 4.1)

7. List the three main types of levelling instruments introduced in this Series. (Linked to
SLO 4.1)

8. Distinguish between simple levelling and differential levelling. (Linked to SLO 4.2)

9. What does a cross-section represent in surveying? (Linked to SLO 4.3)

10. Mention two applications of contour maps in engineering projects. (Linked to SLO 4.4)
Long-Answer Questions

11. Explain the procedures for setting up and using a dumpy level. (Linked to SLO 4.1)

12. Demonstrate how differential levelling is conducted and explain why it is more accurate
than simple levelling. (Linked to SLO 4.2)

13. Apply plotting techniques to produce longitudinal and cross-sections, and explain their
uses in construction. (Linked to SLO 4.3)

14. Describe the characteristics of contour lines and compare the direct and indirect
methods of contouring. (Linked to SLO 4.4)
15. Evaluate the strengths and limitations of levelling, plotting sections, and contouring, and

discuss how they are integrated in practical surveying projects: (Linked to SLO 4.5)
Answers to Concept Check Questions [Series 4]
Objective Questions

b) Relative heights of points

b) Abney level

b) Long distances requiring high accuracy

b) Elevation changes along the centre line of a project
b) Steep slopes

arowoN=

Short-Answer Questions

6. Levelling is the process of determining the relative heights of points on the earth’s
surface and transferring them with respect to a datum.

7. Dumpy level, Abney level, and Clinometer.

8. Simple levelling is carried out between two nearby points with the instrument set

between them, while differential levelling is used for distant points by moving the instrument
across intermediate stations.

9. A cross-section represents the ground surface across the width of a project, drawn
perpendicular to the centre line.

10. Designing roads and railways, and planning reservoirs or drainage systems.

Long-Answer Questions

Basic response: Setting up a dumpy level involves centring the instrument over the station,
levelling it with foot screws and spirit levels, and focusing the telescope for clear staff readings.

11. Value-added response: Learners may add that proper setup reduces systematic errors,
ensures accuracy in elevation transfer, and is critical for long-distance levelling tasks.
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Basic response: Differential levelling is conducted by moving the instrument across
intermediate stations, taking back-sight and fore-sight readings, and calculating cumulative
differences to determine elevation change. It is more accurate because it accounts for long
distances and multiple stations.

12. Value-added response: Learners may expand by explaining error checks, such as
closing the levelling loop, and its importance in large-scale engineering projects like highways or
canals.

Basic response: Longitudinal sections are plotted along the centre line of a project to show
elevation changes, while cross-sections are plotted perpendicular to the line to'show terrain
across the width. They are used in construction to design gradients and calculate earthwork
volumes.

13. Value-added response: Learners may add that plotted sections assist in slope stability
analysis, embankment design, and provide essential data for cost estimation in construction
projects.

Basic response: Contour lines join points of equal elevation, arecloser together on steep
slopes, and farther apart on gentle slopes. The direct method involves/locating points of known
elevation, while the indirect method interpolates contours from grid levelling.

14. Value-added response: Learners may add that contour maps are crucial in hydrological
studies, flood risk assessment, and environmental planning, where terrain representation is
vital.

Basic response: Levelling provides accurate elevation data, plotting sections gives detailed
profiles, and contouring represents terrain broadly. Each has strengths and limitations, but
together they provide comprehensive survey information.

15. Value-added response: Learners may evaluate how integration supports road
construction, urban planning, and land development, ensuring projects are efficient, safe, and
environmentally sustainable.

Answers to Pilot Questions [Series 4]
Part 4.1 Levelling principles and instruments

e  Levelling is the process of determining the relative heights of points on the earth’s
surface.

o - The purpose of levelling is to measure differences in elevation between points and
transfer heights from one location to another.

o The three types of levelling instruments introduced are dumpy level, Abney level, and
clinometer.

e The handheld instrument used for approximate measurements is the Abney level.

o The three main steps in setting up a levelling instrument are centring, levelling, and
focusing.
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e Levelling is important in construction projects because it ensures structures are built
safely and accurately.

Part 4.2 Levelling methods and applications

e Simple levelling is carried out by setting the instrument between two points and taking
staff readings to determine relative height differences.

e The main difference between simple and differential levelling is that simple levelling is
suitable for short distances, while differential levelling is used for long distances requiring
higher accuracy.

o Differential levelling is most suitable for long distances requiring high accuracy.

e Two engineering applications of levelling are designing road gradients and establishing
drainage systems.

o Levelling is important in construction projects because it ensures foundations are laid
correctly and structures are stable.

Part 4.3 Plotting sections

o Plotting sections is the graphical process of drawing longitudinal or cross-sectional views
of terrain based on levelling data.

o Alongitudinal section shows changes in elevation along the length of a project.

e A cross-section is drawn perpendicular to the centre line of a survey.

o Two uses of longitudinal sections in engineering projects are determining gradients and
planning alignments for roads and railways.

e One application of cross-sections in construction is calculating cut and fill volumes.

Part 4.4 Contouring

e Contouring is the process of drawing lines on a map that connect points of equal
elevation.

e Contour lines represent points of equal elevation on a map.

e Contour lines are closer together on steep slopes and farther apart on gentle slopes.

e The direct method of contouring involves locating points of known elevation, while the
indirect method interpolates contours from grid levelling.

o Two applications of contour maps in engineering projects are designing roads and
planning reservoirs.

Part 4.5 Comparative analysis and integration

e ' Comparative analysis in surveying means examining the strengths and limitations of
different methods.

o Levelling, plotting sections, and contouring are related because levelling provides
elevation data, sections show detailed profiles, and contouring represents terrain
broadly.

o  One strength of levelling is its accuracy, while one limitation is that it is restricted to
point-to-point measurements.

o Contour maps are less precise than levelling data because they require interpolation
between surveyed points.

e An example of integration is in road construction, where levelling ensures gradients are
correct, sections help calculate earthwork volumes, and contour maps guide alignment
decisions.
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References and Attributions [Series 4]

This section compiles all references, illustration sources, and suggested OER materials used in
Series 4: Levelling, Plotting Sections, and Contouring. The referencing style applied here
follows APA guidelines for clarity and consistency.

General References

o Bannister, A., Raymond, S., & Baker, R. (1998). Surveying. Harlow: Pearson Education.

e Schofield, W., & Breach, M. (2007). Engineering surveying (6th ed.). Oxford:
Butterworth-Heinemann.

e Uren, J., & Price, W. F. (2010). Surveying for engineers (5th ed.). Basingstoke: Palgrave
Macmillan.

e Food and Agriculture Organization (FAQO). (2017). Land use planning for sustainable
development. Rome: FAO.

e United Nations Human Settlements Programme (UN-Habitat). (2020). Land use planning
and management. Nairobi: UN-Habitat.

Illustrations and Attributions

e Box 4.1: Purposes of levelling
o Al-generated prompt: “Create a text box summarising the purposes of levelling in
surveying.”
o Suggested OER search string: “purposes of levelling in surveying OER
summary.”
e Table 4.1: Types of levelling instruments
o Al-generated prompt: “Create a table listing types of levelling instruments, with
descriptions and functions.”
o Suggested OER search string: “types of levelling instruments dumpy abney
clinometer OER table.”
e Figure 4.1: Setting up a dumpy level
o Al-generated prompt: “Create a labelled diagram showing the setup of a dumpy
level, including centring, levelling, and focusing.”
o Suggested OER search string: “dumpy level setup centring levelling focusing
OER diagram.”
e Figure 4.2: Simple levelling setup
o | Al-generated prompt: “Create a labelled diagram showing simple levelling with
instrument between two points and staff readings.”
o Suggested OER search string: “simple levelling diagram OER.”
o Plate 4.2: Differential levelling in practice
o Al-generated prompt: “Generate an image showing surveyors conducting
differential levelling with a dumpy level and staff.”
o Suggested OER search string: “differential levelling surveyors dumpy level OER
image.”
e - Box 4.2: Applications of levelling
o Al-generated prompt: “Create a text box summarising applications of levelling in
engineering, construction, and land surveys.”
o Suggested OER search string: “applications of levelling engineering construction
land surveys OER summary.”
e Figure 4.3: Longitudinal section profile
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o Al-generated prompt: “Create a labelled diagram showing a longitudinal section
profile with distance and elevation axes.”
o Suggested OER search string: “longitudinal section profile survey OER diagram.”
e Figure 4.4: Cross-section of terrain
o Al-generated prompt: “Create a labelled diagram showing a cross-section of
terrain across a road alignment.”
o Suggested OER search string: “cross-section terrain survey OER diagram.”
e Box 4.3: Uses of plotted sections
o Al-generated prompt: “Create a text box summarising uses of plotted sections in
design and construction.”
o Suggested OER search string: “uses of plotted sections survey engineering OER
summary.”
e Figure 4.5: Characteristics of contour lines
o Al-generated prompt: “Create a labelled diagram showing contour lines on steep
and gentle slopes.”
o Suggested OER search string: “contour lines steep gentle slopes OER diagram.”
o Table 4.2: Methods of contouring
o Al-generated prompt: “Create a table comparing direct and-indirect methods of
contouring with advantages and limitations.”
o Suggested OER search string: “direct indirect contouring methods OER table.”
e Box 4.4: Applications of contour maps
o Al-generated prompt: “Create a text box summarising applications of contour
maps in planning and engineering.”
o Suggested OER search string: “applications of contour maps planning
engineering OER summary.”
e Figure 4.6: Relationship between levelling, sections, and contouring
o Al-generated prompt:“Create a labelled diagram showing how levelling data is
used to plot sections and generate contour maps.”
o Suggested OER search string: “relationship levelling sections contouring OER
diagram.”
e Table 4.3: Strengths and limitations of levelling, plotting sections, and contouring
o Al-generated prompt: “Create a table comparing strengths and limitations of
levelling, plotting sections, and contouring.”
o Suggested OER search string: “strengths limitations levelling sections contouring
OER table.”
o Box 4.5: Integration of methods in practice
o ' Al-generated prompt: “Create a text box summarising how levelling, plotting
sections; and contouring are integrated in practice.”
o . Suggested OER search string: “integration of levelling sections contouring survey
OER summary.”

Course code: URP 205
Course title: Introduction to Land Surveying
COURSE UNIT : 2 Units
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Series 1: Historical Development of Survey Methods and Instruments
Series 2: Survey Instruments and Their Practical Applications

Series 3: Chain, Compass, Plane Table, and Theodolite Surveys
Series 4: Levelling, Plotting Sections, and Contouring

Series 5: Setting Out Works, Area Computation, and Map Operations

Here is the proposed outline for Series 5:

Part 5.1 Setting out works

¢ 5.1.1 Definition and importance of setting out
e 5.1.2 Methods of setting out (linear, angular, and.combined)
e 5.1.3 Applications in construction projects

Part 5.2 Area computation methods

e 5.2.1 Direct measurement methods (triangulation, trapezoidal rule, Simpson’s rule)
e 5.2.2 Coordinate methods (double meridian distance, latitude and departure method)
e 5.2.3 Applications in land surveying and planning

Part 5.3 Map operations

e 5.3.1 Map preparation and scales
e 5.3.2 Map reproduction and updating
o 5.3.3 Practical uses of maps‘in planning and engineering

Part 5.4 Integration and practical applications

e 5.4.1 Relationship between setting out, area computation, and map operations
o 5.4.2 Strengthsand limitations of each method
e | 5.4.3 Combined use in real-world surveying projects

Introduction

In the last Series, we explored levelling, plotting sections, and contouring, gaining insight into
how surveyors represent the vertical and three-dimensional aspects of land. Building on that
foundation, this Series turns to setting out works, area computation, and map operations,
which are essential for transferring survey data to the ground, calculating land areas, and
preparing maps for planning and engineering purposes. These skills are directly relevant to
construction, land management, and urban development, making them indispensable in
practical surveying.

-
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The aim of this Series is to introduce you to the principles and methods of setting out, equip you
with techniques for computing areas, and familiarise you with essential map operations. By the
end of the Series, you will be able to apply these methods confidently in real-world surveying
and planning projects.

We shall commence this Series by examining the concept of setting out works, including its
definition, importance, and methods used in construction projects. Next, we will move onto area
computation methods, exploring direct measurement techniques, coordinate-based approaches;
and their applications in land surveying. Following that, we will study map operations, focusing
on map preparation, reproduction, and practical uses in planning and engineering. Finally, we
will wrap up by integrating these methods, highlighting their strengths, limitations, and combined
applications in real-world surveying tasks.

Series Learning Outcomes
Upon completing this Series, you should be able to:

o SLO 5.1 define the concept of setting out works and explain their importance in
construction projects,

e SLO 5.2 demonstrate methods of setting out, including linear, angular, and combined
approaches,

e SLO 5.3 apply direct measurement techniques such as triangulation, trapezoidal rule,
and Simpson’s rule to compute areas,

e SLO 5.4 calculate land areas using coordinate-based methods such as the double
meridian distance and latitude—departure method,

e SLO 5.5 describe the processes of map preparation, reproduction, and updating,

e SLO 5.6 analyse practical uses of maps in planning and engineering contexts, and

e SLO 5.7 evaluate the relationship, strengths, and limitations of setting out, area
computation, and map operations, and discuss their integration in real-world surveying
projects.

5.1 Setting Out Works

Setting out is one of the most critical operations in surveying and construction. Setting out is
the process of transferring the design of a project from drawings or plans onto the ground so
that construction can proceed accurately. It ensures that structures such as buildings, roads,
and bridges are positioned correctly according to the design specifications.

Fill in the blank: Setting out is the process of transferring the design of a project from
onto the ground.

5.1.1 Definition and importance of setting out

The definition of setting out highlights its role as the link between design and construction.
Without accurate setting out, even the best-designed projects may fail during execution. The
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importance of setting out lies in its ability to ensure that dimensions, alignments, and positions
are correctly established on site. This prevents costly errors, saves time, and guarantees safety
and functionality.

Fill in the blank: The importance of setting out lies in ensuring that are correctly
established on site.

Benefit Impact on Project
Accuracy Ensures the building fits perfectly within its legal boundaries and site
constraints.
Cost Prevention Avoiding the "demolish and rebuild" scenario caused by misaligned

foundations or walls.

Resource Saves time for contractors by providing clear, physical markers (pegs
Efficiency and lines) to follow.

Safety & Guarantees that structural loads are correctly aligned and that gravity-
Function based systems (like drains) work as intended.

Box 5.1: Importance of setting out

e Ensures accuracy in construction
e Prevents costly errors
e Saves time and resources
e Guarantees safety and functionality

5.1.2 Methods of setting out (linear, angular, and combined)
There are several methods of setting out, each suited to different types of projects:

e Linear setting out: Involves measuring distances along straight lines using tapes or
electronic distance measurement devices. It is commonly used for simple layouts such
as boundaries and rectangular plots.

-
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o Angular setting out: Involves measuring angles using instruments like theodolites. It is
useful for projects requiring precise angular measurements, such as road curves or
complex building layouts.

o Combined methods: Use both linear and angular measurements to achieve greater
accuracy, especially in large or complex projects.

Fill in the blank: Angular setting out involves measuring using instruments like
theodolites.
Method Description Common Applications
Linear Uses only horizontal distance Residential building foundations,
Setting Out measurements, typically with steel fence lines, and small rectangular
tapes or chains. plots.
Angular Uses instruments like theodolites or Circular road curves, bridges, and
Setting Out total stations to establish precise establishing the "grid" for large
directions and curves. industrial complexes.
Combined Integrates both distance and angular Large-scale infrastructure,
Methods measurements to locate points via skyscrapers, and complex urban
coordinates. renewal projects.

Table 5.1: Methods of setting out

5.1.:3 Applications in construction projects

Setting out is applied in a wide range of construction projects. For buildings, it ensures that
foundations are correctly positioned and walls are aligned. In road construction, setting out
defines the centre line, gradients, and curves. For bridges, it ensures that piers and abutments
are accurately located. In all cases, setting out translates design drawings into physical reality
on the ground.

Fill in the blank: In road construction, setting out defines the line, gradients, and
curves.

-
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Figure 5.1: Setting Out a Building Foundatio
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g out of a building foundation with marked corners and centre lines.
Figure 5.1: Setting out a building foundation

s 5.1

que: .
fine setting out and explain its importance.
ist three methods of setting out.
.~ Which method of setting out involves measuring angles?

4. State one application of setting out in building construction.
5. Why is setting out considered critical in surveying and construction projects?
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5.2 Area Computation Methods

Area computation is a fundamental aspect of surveying and land management. Area
computation refers to the process of determining the size of a parcel of land or surface using
mathematical and graphical techniques. Accurate area measurement is essential for land
ownership, planning, construction, and resource management.

Fill in the blank: Area computation refers to the process of determining the of a
parcel of land.

5.2.1 Direct measurement methods

Direct measurement methods involve calculating areas using field measurements-and simple
geometric rules. Common techniques include:

e Triangulation: Dividing the land into triangles and calculating their areas using base and
height.

o Trapezoidal rule: Approximating the area by dividing it into trapezoids and summing
their areas.

o Simpson’s rule: A more accurate method that uses parabolic arcs to approximate
curved boundaries.

Fill in the blank: The rule uses parabolic arcs to approximate curved boundaries in
area computation.

Method Description Common Applications
Triangulation The area is divided into a series of Small plots with straight
triangles..The area of each is calculated but irregular boundaries.

using $Area = \frac{1}{2} \times \text{base}
\times \text{height}$ or Hero's Formula.

Trapezoidal Assumes the boundary between offsets Large agricultural fields or
Rule consists of straight lines, forming a series long, narrow strips of land
of trapezoids. (like road reserves).
Simpson’s Assumes the boundary is a mathematical Areas with irregular,
Rule curve (parabolic arc). It requires an odd curved boundaries such
number of offsets.

-
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as riverbanks or
coastlines.

Table 5.2: Direct measurement methods

5.2.2 Coordinate methods

Coordinate methods use the coordinates of boundary points to calculate areas
mathematically. Two common approaches are:

e Double meridian distance (DMD): A method where coordinates are arranged
systematically, and meridian distances are doubled to compute the area.

o Latitude and departure method: Uses north—south (latitude) and east—west (departure)
components of boundary lines to calculate enclosed areas.

Fill in the blank: The latitude and departure-method uses and
components of boundary lines to calculate areas.

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Figure 5.2: Coordinate Method for Area Compuatio
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Diagram showing a polygon with labelled coordinates for area computation.
Figure 5.2: Coordinate method for area computation

5.2.3 Applications in land surveying and planning

Area computation methods are widely applied in surveying and planning. They are used to
determine land ownership boundaries, calculate agricultural field sizes, estimate construction
site areas, and prepare maps for urban development. Accurate area measurement ensures

fairness in land transactions and supports effective resource allocation.
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Fill in the blank: Accurate area measurement ensures fairness in transactions and

supports effective resource allocation.

Application Practical Significance
Land Ownership Defining the legal extent of a property for the issuance of a
Certificate of Occupancy (C of O).

Agricultural Calculating field sizes to determine crop yield estimates and
Planning fertilizer requirements.

Construction Determining the area of a site to calculate the volume of concrete,
Estimating paving, or landscaping materials needed.

Urban Designing layouts for new estates, ensuring that "Open Spaces”

Development and "Public Utilities" meet zoning regulations.
Resource Assisting the government in land-use planning, environmental
Allocation protection, and equitable land distribution.

Box 5.2: Applications of area computation

e Determining land ownership boundaries
e Calculating agricultural field sizes
e Estimating construction site areas
e Preparing maps for urban development
e Supporting resource allocation and planning

Pilot questions 5.2

Define area computation and state its importance.

List three direct measurement methods of area computation.
Which direct method uses parabolic arcs for curved boundaries?
Name two coordinate methods of area computation.

PN~
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5. State two applications of area computation in land surveying and planning.

5.3 Map Operations

Maps are essential tools in surveying, planning, and engineering. Map operations refer to the
processes involved in preparing, reproducing, updating, and using maps for practical
applications. These operations ensure that survey data is effectively represented and
communicated for decision-making.

Fill in the blank: Map operations refer to the processes involved in preparing, ,
updating, and using maps.

5.3.1 Map preparation and scales

Map preparation involves converting survey data intora.graphical representation that can be
easily interpreted. This includes plotting points, drawing boundaries, and representing features
such as roads, rivers, and buildings. A key aspect of map preparation is the use of scales,
which are ratios that show the relationship between distances on the map and actual ground
distances. For example, a scale of 1:10,000 means that one unit on the map represents 10,000
units on the ground.

Fill in the blank: A scale of 1:10,000 means that one unit on the map represents
units on the ground.

-
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Diagram'showing a map with scale representation (e.g., 1:10,000).

Figure 5.3: Map preparation with scale representation

5.3.2 Map reproduction and updating

Map reproduction refers to the process of making copies of maps for distribution or use. This
can be done through traditional printing methods or digital reproduction. Map updating involves
revising maps to reflect changes in the landscape, such as new roads, buildings, or natural

-
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features. Updating ensures that maps remain accurate and reliable for planning and engineering
purposes.

Fill in the blank: Map updating involves revising maps to reflect in the landscape.

@} Plate 5.1: URdating Maps with New. Survey Data \%
- Integrating New Features for Revised Maps
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Image showing surveyors updating a map with new features.
Plate 5.1: Updating maps with new survey data
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5.3.3 Practical uses of maps in planning and engineering

Maps are widely used in planning and engineering. They help in site selection, land-use
planning, infrastructure design, and environmental management. For example, urban planners
use maps to allocate land for housing, industry, and recreation, while engineers rely on maps to

-

: U’-.J MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



design roads, bridges, and drainage systems. Accurate maps provide a foundation for
sustainable development and resource management.

Fill in the blank: Urban planners use maps to allocate land for housing, , and
recreation.
Field of Use Practical Application
Construction Site Identifying optimal locations for new buildings.based on proximity
Selection to utilities, soil type, and topography.
Zoning & Land-Use Defining legal boundaries forresidential, commercial, and

industrial areas to prevent chaotic urban growth.

Infrastructure Design Plotting the ‘exact routes for roads, bridges, and
telecommunication lines to ensure maximum efficiency.

Environmental Mapping sensitive ecosystems, such as wetlands and forest
Protection reserves, to prevent encroachment and pollution.
Resource Allocation Visualizing the distribution of water, power, and healthcare

facilities to ensure equitable development.

Box 5.3: Practical uses of maps

o Site selection for construction projects
e Land-use planning and zoning
e Infrastructure design (roads, bridges, drainage)
e Environmental management and conservation
e Resource allocation for sustainable development

Pilot questions 5.3
1. Define map operations.

-
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What is meant by map preparation?

Explain the significance of scales in map preparation.

What does map updating involve?

State two practical uses of maps in planning and engineering.

arwn

5.4 Integration and Practical Applications

Surveying methods such as setting out, area computation, and map operations are rarely used
in isolation. Integration refers to the process of combining these methods to achieve
comprehensive and reliable results, while practical applications highlight how these methods
are applied in real-world projects. Together, they ensure accuracy, efficiency;.and relevance in
construction, planning, and land management.

Fill in the blank: Integration refers to the process of different surveying methods to
achieve comprehensive results.

5.4.1 Relationship between setting out, area computation, and map
operations

Setting out transfers designs onto the ground, area computation determines the size of land
parcels, and map operations represent survey data graphically. These three methods are
interconnected: setting out requires accurate area data, while maps provide the visual
framework for both setting out and area computation. Their relationship ensures that survey
data is not only measured but-also applied and communicated effectively.

Fill in the blank: Setting out requires accurate data, while maps provide the visual
framework for survey operations.

-
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Figure 5.4: Relationship Between Surveying Method
- Integrated Land Management Cycle
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Diagram-showing the relationship between setting out, area computation, and map operations.
Figure 5.4: Relationship between surveying methods

5.4.2 Strengths and limitations of each method

Each method has strengths and limitations. Setting out is precise for transferring designs but
limited to specific sites. Area computation provides accurate land sizes but may be complex
for irregular boundaries. Map operations offer a broad visual overview but require regular
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updating to remain useful. Recognising these strengths and limitations helps surveyors choose

the most appropriate method for each project.

Fill in the blank: Map operations provide a broad visual overview but require regular
to remain useful.

planning of
infrastructure and
environmental
protection.

urban development
and erosion change
the landscape.

Method Primary Strength Major Limitation Best Practice
Setting Out Design Fidelity: Site Specificity: Data Use Profile Boards
Guarantees that the is only valid for that and "Offset Pegs" to
physical structure exact location; preserve marks
matches the markers are easily throughout
architectural blueprints. destroyed by construction.
excavation.
Area Legal & Economic Geometric Use Simpson’s
Computation Value: Providesithe Complexity: Rule for curved
"square meter" value Calculating areas for edges to increase
essential for land titles plots with natural, mathematical
and taxation. curved boundaries precision.
(like rivers) is prone to
error.
Map Strategic Temporal Decay: Integrate Satellite
Operations Visualization: Allows Maps become Imagery to ensure
for large-scale outdated quickly as the map reflects

current ground
conditions.

5.4.3 Combined use in real-world surveying projects

-
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Table 5.4: Strengths and limitations of surveying methods




In practice, surveyors integrate these methods to achieve reliable outcomes. For example, in
road construction, setting out ensures the centre line and gradients are correctly marked, area
computation helps estimate earthwork volumes, and map operations provide a visual plan for
alignment and design. Similarly, in urban planning, maps guide zoning, area computation
supports land allocation, and setting out ensures accurate implementation on the ground.

Fill in the blank: In road construction, setting out ensures the centre line is marked, while‘area

computation helps estimate volumes.
Field Integrated Workflow
Road Using maps to plan alignments, area computation for earthwork
Construction volumes, and setting out for center-line and curve marking.
Building Projects Using maps for site layout, area computation for plot sizing, and

setting out for precise foundation positioning.

Urban Planning Utilizing maps for zoning, area computation for land allocation, and
setting out for the accurate implementation of master plans.

Environmental Mapping conservation zones, computing land-use changes, and
Projects setting out boundaries to prevent encroachment.

Box 5.4: Integration in practice

e Road construction: centre line marking, earthwork estimation, alignment planning
o Building projects: foundation positioning, site area calculation, layout mapping
e Urban planning: zoning guidance, land allocation, accurate implementation
e Environmental projects: conservation area mapping, land-use measurement, site
demarcation

Pilot questions 5.4

1. What is meant by integration in surveying?
2. How are setting out, area computation, and map operations related?

-
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3. State one strength and one limitation of setting out.
4. Why do map operations require regular updating?
5. Give one example of how these methods are integrated in road construction.

Series Summary

This Series has focused on setting out works, area computation, and map operations, three
essential aspects of surveying that ensure designs are accurately transferred to the ground,
land areas are correctly measured, and survey data is effectively represented for planning and
engineering. The purpose has been to equip you with practical skills that are directly relevant to
construction projects, land management, and urban development.

We began by examining the definition and importance of setting out, followed by methods such
as linear, angular, and combined approaches, and their applications in construction. Then we
explored area computation methods, including direct techniques like triangulation, trapezoidal
rule, and Simpson’s rule, as well as coordinate-based methods such as double meridian
distance and latitude—departure. Moving on, we studied map operations, covering preparation,
scales, reproduction, updating, and practical uses in planning and engineering. Finally, we
considered integration, highlighting the relationship between these methods, their strengths and
limitations, and their combined use in real-world projects. In line with the Series Learning
Outcomes, you should now be able to define and demonstrate setting out methods, apply and
calculate areas using both direct and coordinate techniques, describe and analyse map
operations, and evaluate how these approaches are integrated in surveying practice.

Glossary of Terms

e Angular setting/out: A method of setting out that involves measuring angles using
instruments such as theodolites, often applied in projects requiring precise angular
layouts like road curves or complex buildings.

e Area computation: The process of determining the size of a parcel of land or surface
using mathematical or graphical techniques.

o Combined methods (setting out): A setting out approach that uses both linear and
angular measurements together to achieve greater accuracy, especially in large or
complex projects.

e Coordinate methods: Techniques for calculating land areas using the coordinates of
boundary points, such as the double meridian distance or latitude—departure method.

o Direct measurement methods: Area computation techniques that rely on field
measurements and geometric rules, including triangulation, trapezoidal rule, and
Simpson’s rule.
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o Double meridian distance (DMD): A coordinate method of area computation where
meridian distances are doubled and arranged systematically to calculate the area of a
parcel.

o Latitude and departure method: A coordinate method of area computation that uses
north—south (latitude) and east—west (departure) components of boundary lines to
calculate enclosed areas.

o Linear setting out: A method of setting out that involves measuring distances along
straight lines, commonly used for simple layouts such as boundaries and rectangular
plots.

e Map operations: The processes involved in preparing, reproducing, updating, and using
maps for practical applications in surveying, planning, and engineering:

e Map preparation: The process of converting survey data into a graphical
representation, including plotting points, drawing boundaries, and representing features.

e Map reproduction: The process of making copies of maps for distribution or use, either
through printing or digital methods.

¢ Map scales: Ratios that show the relationship between distances on.a map and actual
ground distances, such as 1:10,000.

e« Map updating: Revising maps to reflect changes inthe landscape; such as new roads,
buildings, or natural features.

o Setting out: The process of transferring the design of a project from drawings or plans
onto the ground so that construction can proceed accurately:

o Simpson’s rule: A direct measurement method of area computation that uses parabolic
arcs to approximate curved boundaries:

o Triangulation: A direct measurement method of area computation that divides land into
triangles and calculates their areas using base and height.

o Trapezoidal rule: A direct measurement method of area computation that divides land
into trapezoids and sums their areas to approximate the total.

Concept Check Questions [Series 5]
Objective Questions

Setting out is defined as:

a) Measuring angles between survey stations

b) Transferring designs from drawings onto the ground
c¢) Calculating land areas using coordinates

d) Preparing maps for reproduction

1. (Linked to SLO 5.1)

Which method of setting out involves measuring angles with instruments such as theodolites?
a) Linear setting out

b) Angular setting out

¢) Combined methods

d) Triangulation

2. (Linked to SLO 5.2)
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Simpson’s rule is used in area computation to:

a) Divide land into triangles

b) Approximate curved boundaries using parabolic arcs
c¢) Calculate areas using coordinates

d) Measure distances along straight lines

3. (Linked to SLO 5.3)

The latitude and departure method uses:

a) Base and height of triangles

b) North—south and east-west components of boundary lines
c) Trapezoids to approximate areas

d) Angles measured with a theodolite

4. (Linked to SLO 5.4)

Which of the following requires regular updating to remain useful?
a) Setting out

b) Area computation

c) Map operations

d) Triangulation

5. (Linked to SLO 5.5)
Short-Answer Questions

Define setting out and explain‘its importance. (Linked to SLO 5.1)

List three methods of setting out. (Linked to SLO 5.2)

State two direct measurement methods of area computation. (Linked to SLO 5.3)

. Name two coordinate-methods of area computation. (Linked to SLO 5.4)

0. What does map updating involve? (Linked to SLO 5.5)

1. Mention two practical uses of maps in planning and engineering. (Linked to SLO 5.6)

T200Ne

Long-Answer Questions

12. Describe the procedures for linear, angular, and combined methods of setting out, and
explain their applications. (Linked to SLO 5.2)
13. Demonstrate how direct measurement methods such as triangulation, trapezoidal rule,

and Simpson'’s rule are applied in area computation. (Linked to SLO 5.3)

14. Apply coordinate methods to calculate land areas and explain why they are particularly
useful for irregular boundaries. (Linked to SLO 5.4)

15. Analyse the processes of map preparation, reproduction, and updating, and discuss their
significance in planning and engineering. (Linked to SLO 5.5, SLO 5.6)

16. Evaluate the strengths and limitations of setting out, area computation, and map
operations, and explain how they are integrated in real-world surveying projects. (Linked to SLO
5.7)

Answers to Concept Check Questions [Series 5]
Objective Questions

-
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) Transferring designs from drawings onto the ground

) Angular setting out

) Approximate curved boundaries using parabolic arcs

) North—south and east—west components of boundary lines
¢) Map operations

b
b
b
b

aboN-~

Short-Answer Questions

6. Setting out is the process of transferring the design of a project from drawings or plans
onto the ground. Its importance lies in ensuring accuracy, preventing errors, and-guaranteeing
safety in construction.

7. Linear setting out, angular setting out, and combined methods.
8. Triangulation and trapezoidal rule.
9. Double meridian distance and latitude—departure method.

10. Map updating involves revising maps to reflect changes in the landscape, such as new
roads or buildings.

11. Site selection for construction projects and infrastructure design such as roads and
bridges.

Long-Answer Questions

Basic response: Linear setting out measures distances along straight lines, angular setting out
measures angles with instruments, and combined methods use both approaches. Applications
include boundaries, road curves, and complex layouts.

12. Value-added response: Learners may add that combined methods are particularly
useful in large-scale projects where both distance and angle accuracy are critical, such as
airports or industrial estates.

Basic response: Triangulation divides land into triangles, trapezoidal rule divides land into
trapezoids, and Simpson’s/rule uses parabolic arcs for curved boundaries. These methods
provide practical ways to compute areas directly from field measurements.

13. Value-added response: l.earners may expand by explaining that Simpson’s rule is
especially valuable in hydrological surveys, where riverbanks and curved boundaries must be
measured accurately.

Basic response: Coordinate methods calculate areas using boundary coordinates. The double
meridian distance method arranges coordinates systematically, while the latitude—departure
method uses north—south and east—west components. They are useful for irregular boundaries.

14. Value-added response: Learners may add that coordinate methods are widely used in
cadastral surveys and GIS applications, where digital data and irregular plots are common.

Basic response: Map preparation involves plotting survey data with scales, reproduction
makes copies for use, and updating revises maps to reflect changes. These processes ensure
maps remain accurate and useful in planning and engineering.

15. Value-added response: Learners may add that digital mapping technologies, such as
GIS and remote sensing, have revolutionised map operations, making updating faster and more
precise.
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Basic response: Setting out ensures designs are transferred accurately, area computation
determines land sizes, and map operations represent survey data visually. Each has strengths
and limitations, but together they provide comprehensive results.

16. Value-added response: Learners may evaluate how integration supports sustainable
urban planning, infrastructure development, and environmental management, ensuring projects
are efficient and future-proof.

Answers to Pilot Questions [Series 5]
Part 5.1 Setting out works

e Setting out is the process of transferring the design of a.project from drawings or plans
onto the ground. Its importance lies in ensuring accuracy, preventing costly errors,
saving time, and guaranteeing safety.

e The three methods of setting out are linear setting out, angular setting out, and
combined methods.

¢ Angular setting out involves measuring angles using instruments such as theodolites.

¢ In building construction, settingout ensures foundations are correctly positioned and
walls are aligned.

e Setting out is critical because it links design to construction, ensuring projects are
executed accurately and safely.

Part 5.2 Area computation methods

e Area computation is.the process of determining the size of a parcel of land or surface
using mathematical or graphical techniques. It is important for land ownership, planning,
and resource management.

e The three direct measurement methods are triangulation, trapezoidal rule, and
Simpson'’s rule.

e Simpson’s rule uses parabolic arcs to approximate curved boundaries.

¢ The two coordinate methods are double meridian distance and latitude—departure
method.

o _Applications include determining land ownership boundaries, calculating agricultural field
sizes, estimating construction site areas, and preparing maps for urban development.

Part 5.3 Map operations

e  Map operations are the processes involved in preparing, reproducing, updating, and
using maps for practical applications.

o - Map preparation is the process of converting survey data into graphical representation,
including plotting points, boundaries, and features.

e Scales show the relationship between distances on a map and actual ground distances,
ensuring accurate representation.

e Map updating involves revising maps to reflect changes in the landscape, such as new
roads, buildings, or natural features.
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o Practical uses of maps include site selection, land-use planning, infrastructure design,
and environmental management.

Part 5.4 Integration and practical applications

e Integration in surveying means combining different methods such as setting out, area
computation, and map operations to achieve comprehensive results.

o Setting out transfers designs to the ground, area computation determines land-sizes,
and map operations represent survey data visually. Together, they ensure accuracy and
effective communication.

e One strength of setting out is its precision, while one limitation is that it is restricted to
specific sites.

e Map operations require regular updating to remain useful and accurate.

¢ Inroad construction, integration ensures the centre line is marked, earthwork volumes
are estimated, and maps provide alignment and design guidance.

References and Attributions [Series 5]

This section compiles all references, illustration sources, and suggested OER materials used in
Series 5: Setting Out, Area Computation, and Map Work. The referencing style applied here
follows APA guidelines for clarity and consistency.

General References

e Bannister, A, Raymond, S., & Baker, R. (1998). Surveying. Harlow: Pearson Education.

e Schofield, W., & Breach, M. (2007). Engineering surveying (6th ed.). Oxford:
Butterworth-Heinemann.

e Uren, J., & Price, W. F.(2010). Surveying for engineers (5th ed.). Basingstoke: Palgrave
Macmillan.

e Food andAgriculture Organization (FAQO). (2017). Land use planning for sustainable
development. Rome: FAO.

e United Nations Human Settlements Programme (UN-Habitat). (2020). Land use planning
and management. Nairobi: UN-Habitat.

Illustrations and Attributions

e Box 5.1: Importance of setting out
o Al-generated prompt: “Create a text box summarising the importance of setting
out in construction projects.”
o Suggested OER search string: “importance of setting out surveying construction
OER summary.”
e Table 5.1: Methods of setting out
o Al-generated prompt: “Create a table comparing linear, angular, and combined
methods of setting out with applications.”
o Suggested OER search string: “methods of setting out linear angular combined
OER table.”
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o Figure 5.1: Setting out a building foundation
o Al-generated prompt: “Create a labelled diagram showing setting out of a
building foundation with marked corners and centre lines.”
o Suggested OER search string: “setting out building foundation survey OER
diagram.”
e Table 5.2: Direct measurement methods
o Al-generated prompt: “Create a table comparing triangulation, trapezoidal‘rule,
and Simpson’s rule with applications.”
o Suggested OER search string: “direct measurement methods triangulation
trapezoidal Simpson’s rule OER table.”
o Figure 5.2: Coordinate method for area computation
o Al-generated prompt: “Create a labelled diagram showing a polygon with
coordinates used for area computation.”
o Suggested OER search string: “coordinate method area computation polygon
OER diagram.”
e Box 5.2: Applications of area computation
o Al-generated prompt: “Create a text box summarising applications of area
computation in surveying and planning.”
o Suggested OER search string: “applications 'of area computation surveying
planning OER summary.”
e Figure 5.3: Map preparation with scale representation
o Al-generated prompt: “Create a labelled diagram showing a map with a scale of
1:10,000 and ground distance equivalence.”
o Suggested OER search string: “map preparation scale representation OER
diagram.”
e Plate 5.1: Updating maps with new survey data
o Al-generated prompt;“Generate an.image showing surveyors updating a map
with new features such as roads and buildings.”
o Suggested OER search string: “map updating surveyors new features OER
image.”
e Box 5.3: Practical uses of maps
o Al-generated prompt: “Create a text box summarising practical uses of maps in
planning and engineering.”
o Suggested OER search string: “practical uses of maps planning engineering
OER summary.”
e Figure 5.4: Relationship between surveying methods
o ' Al-generated prompt: “Create a labelled diagram showing the relationship
between‘setting out, area computation, and map operations.”
o . Suggested OER search string: “relationship setting out area computation map
operations OER diagram.”
e Table 5.4: Strengths and limitations of surveying methods
o Al-generated prompt: “Create a table comparing strengths and limitations of
setting out, area computation, and map operations.”
o Suggested OER search string: “strengths limitations setting out area computation
map operations OER table.”
e Box 5.4: Integration in practice
o Al-generated prompt: “Create a text box summarising integration of setting out,
area computation, and map operations in practice.”
o Suggested OER search string: “integration of setting out area computation map
operations survey OER summary.”
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