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Disclaimer and Notice to Course Participants 

The content presented in this course reflects the opinions, interpretations, and professional judgment of 
Acuity PDH and its contributing authors. While every effort has been made to ensure accuracy, the material 
is provided for general educational and informational purposes only and should not be relied upon as a 
substitute for professional judgment, independent verification, or applicable legal or regulatory guidance.  
This course is not intended for use as a design basis, specification, or substitute for site-specific engineering 
or surveying work, and should not be applied directly to design or construction without independent  
professional evaluation. 

This course is not a substitute for the standards, codes, statutes, regulations, or licensing board 
requirements of any local, state, or national authority. Where any information in this course conflicts with or 
differs from applicable local, state, or national rules, codes, or regulations, those governing rules and 
regulations shall control. Codes and standards change over time, and participants are responsible for 
confirming they are referencing the current edition of any code or standard discussed and for verifying 
current requirements in their own jurisdiction before applying any information presented here to actual 
practice. 

Acuity PDH develops its courses with the goal of meeting applicable continuing education requirements in 
the jurisdictions where it operates and advertises, as identified on www.acuitypdh.com. Because continuing 
education and PDH requirements may vary by state, and not all states formally approve individual providers  
or courses, participants are encouraged to confirm that a course meets the requirements of their specific 
licensing board before submitting it for credit. 

Based on Acuity PDH’s review of the applicable requirements, it is the opinion of Acuity PDH that this course 
meets the continuing education requirements of the Surveying and Engineering Boards identified on the 
Acuity PDH website as of the effective date shown on the cover sheet of this course. 

This course does not constitute engineering, surveying, or legal advice, and completion of this course does 
not establish a professional relationship between the participant and Acuity PDH. Application of any 
concept, method, or example discussed in this course remains the sole responsibility of the licensed 
professional, who must exercise independent professional judgment consistent with the standard of care in 
their jurisdiction. Acuity PDH is not affiliated with, and does not endorse or vouch for, any third-party  
publications, standards bodies, or organizations referenced in this course, and is not responsible for how 
any participant or employer applies the material presented. 

Acuity PDH makes no warranty, express or implied, as to the completeness, accuracy, or currency of the 
information presented, and course content may not reflect the most recent changes in codes, standards, or 
regulatory requirements. Course materials are subject to human error, including in drafting, editing, and 
review. Review questions and course content are intended for learning reinforcement only and do not certify 
professional competency. 

If you identify an inconsistency, error, or outdated reference in this course, please notify Acuity PDH 
immediately through the contact information listed on our website so that it can be reviewed and corrected.  
Your feedback helps maintain the quality and reliability of this course library. 

This course and its contents are the property of Acuity PDH and may not be reproduced or redistributed 
without permission. 

By completing this course, the participant acknowledges that they have read and understood this disclaimer 
and agrees that Acuity PDH shall not be held liable for any loss, damage, or professional consequence 
arising from the use or misuse of the information presented. 

http://www.acuitypdh.com/
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Thank You 

Thank you for choosing Acuity PDH for your continuing education needs. 

We're a small firm, and that's by design. We started this company because we believe continuing 
education should actually be useful to the professionals who complete it, not just a box to check. Every 
course in our library is built with that goal in mind: content that respects your time, your intelligence, and 
the work you do every day in the field and in practice. 

Being small means we don't have the resources of a large training company, but it also means something 
else: your business genuinely matters to us. When you choose one of our courses, you're supporting a 
firm that reads every piece of feedback that comes in, that takes corrections seriously, and that is still, 
after every course we publish, trying to get a little better at this. We don't take that trust for granted. 

We know you have options when it comes to meeting your continuing education requirements, and we're 
grateful you spent this time with us. If there's ever anything we can do better, or anything you'd like to see 
us cover in a future course, we'd genuinely like to hear from you. 

Thank you again for your business and for the work you do as a licensed professional. It's an honor to 
play a small part in supporting your career. 

The Acuity PDH Team 
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Course Description 
Construction surveying is the practical application of surveying principles in an active 
construction environment. While boundary and topographic surveying establish the legal 
and physical framework of a parcel, construction surveying translates design intent into 
physical reality on the ground. It is the discipline that connects the engineer's plan sheet 
to the contractor's graded surface, the staked alignment to the poured footing, and the 
design elevation to the finished floor. 

This course provides a structured review of construction surveying fundamentals for 
licensed professionals who work in or alongside the construction industry. The material 
covers the core competencies a surveyor must command when supporting active 
construction operations, from initial project control setup through final as-built 
documentation. It addresses both the technical methods and the professional judgment 
required to perform this work accurately and efficiently. 

The course is organized around six main topics: project control and coordinate systems, 
horizontal alignment staking, vertical control and grade work, earthwork and site grading, 
structures and utilities, and as-built surveying. Each unit builds on the one before it, 
following the natural progression of a construction project from preconstruction layout 
through project closeout. 

The intended audience is licensed Professional Land Surveyors (PLS) who hold an active 
license and are seeking to strengthen or formalize their understanding of construction 
surveying practice. The material assumes fluency with basic surveying concepts including 
traverse computation, differential leveling, coordinate geometry, and instrument 
operation. Those concepts are referenced where relevant but are not re-taught from the 
ground up. 

Construction surveying demands a combination of precision, field adaptability, and clear 
communication with contractors and project teams. Errors in staking can translate directly 
into costly rework, schedule delays, or structural deficiencies. A thorough understanding 
of the methods covered in this course equips the licensed professional to manage that 
risk and deliver reliable survey support throughout the construction process. 

Upon successful completion of this course, participants will earn one professional 
development hour (PDH). 
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Course Objectives 
Upon completing this course, the participant will be able to: 

1. Explain the role of construction surveying within the overall project delivery 
process and identify how it differs from boundary and topographic surveying. 

2. Describe the principles of establishing and maintaining horizontal and vertical 
project control on a construction site. 

3. Identify the components of horizontal alignment staking, including tangent, curve, 
and offset stake calculations. 

4. Explain the methods used to establish and transfer vertical control, including 
benchmark setup, grade rod use, and slope staking. 

5. Describe earthwork staking procedures, including cut and fill determination, slope 
stake placement, and cross-section documentation. 

6. Identify the surveying methods and documentation requirements associated with 
structures and underground utilities. 

7. Explain the purpose, process, and deliverable expectations for as-built surveying 
at project closeout. 

8. Apply sound professional judgment in selecting appropriate survey methods and 
tolerances for different construction conditions. 

 

Table of Contents 
Course Description 

Course Objectives 

Table of Contents 

Section 1 — Introduction 

Section 2 — Project Control and Coordinate Systems 

Section 3 — Horizontal Alignment Staking 

Section 4 — Vertical Control and Grade Work 

Section 5 — Earthwork and Site Grading 

Section 6 — Structures and Utilities 

Section 7 — As-Built Surveying and Project Closeout 
Section 8 — Closing Summary 

Section 9 — Review Questions 
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Section 1 — Introduction 
Construction surveying occupies a unique position in the broader surveying profession. 
Unlike boundary surveying, which resolves questions of legal title and property limits, or 
topographic surveying, which documents existing conditions for design purposes, 
construction surveying is forward-looking and action-oriented. Its purpose is to put the 
design on the ground, accurately and in a form the contractor can use. Every stake driven, 
every offset marked, and every grade established is a direct translation of plan sheet 
information into physical space. 

For the licensed surveyor, construction work presents a distinct set of demands. The office 
environment of a boundary practice, with its deliberate pace, archival research, and legal 
framework, gives way to the dynamic, time-pressured world of an active jobsite. 
Equipment is moving. Schedules are tight. Contractors need stakes today, not next week. 
The surveyor operating in this environment must maintain technical precision while also 
understanding construction sequencing, communicating clearly with field crews, and 
anticipating what the project needs before it needs it. 

This course addresses that full picture. It is not a primer on basic surveying skills. 
Participants are expected to understand traverse computations, differential leveling, 
coordinate geometry (COGO), and total station operation before beginning. What this 
course provides is a structured framework for applying those skills in a construction 
context, organized around the natural sequence of a construction project. 

The Role of the Construction Surveyor 
The construction surveyor serves as the link between the design team and the contractor. 
On large projects, this role may be filled by a dedicated survey crew working under the 
direction of a licensed professional. On smaller projects, the same individual may handle 
both the office computations and the field staking. Either way, the responsibilities are the 
same. 

The primary function is staking, which means placing physical marks in the field that 
communicate location, elevation, or both to the contractor. Stakes are typically wooden 
hubs driven flush or near flush with the ground surface, accompanied by a lath, which is 
a thin wooden stake, or flagging that carries written information. The information written 
on a stake, called the guard stake or witness stake, typically includes the station, offset 
distance, cut or fill amount, and any other notation needed for the contractor to interpret 
the mark correctly. 

Beyond staking, the construction surveyor is responsible for establishing and maintaining 
project control, verifying that the contractor's work is proceeding within design tolerances, 
and producing as-built documentation at project closeout. On many projects, the surveyor 
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also serves as a check on the contractor's own layout work, particularly for critical 
elements such as foundations, bridge components, or utility crossings. 

The legal and professional responsibilities in this role are significant. Stakes placed in the 
field by a licensed professional carry an implied representation of accuracy. If those 
stakes are wrong, the consequences can include costly rework, structural problems, or 
project delays. The licensed surveyor must understand not only how to perform the work 
correctly but also how to recognize when conditions on the ground do not match the 
design, and what to do when that happens. 

Project Types and Scope 
Construction surveying spans a wide range of project types, and the methods used vary 
accordingly. Linear projects, which include roads, highways, pipelines, and utility 
corridors, are organized around a horizontal alignment and a stationing system that 
measures distance along that alignment. These projects demand a strong command of 
alignment geometry, cross-section work, and earthwork staking. 

Site development projects, which include commercial and residential subdivisions, 
grading plans, and building pads, are typically organized around a grid or coordinate 
system rather than a station-based alignment. Staking on these projects focuses on lot 
corners, building footprints, finished floor elevations, and site grades. 

Structural projects, including bridges, retaining walls, and foundations, require a higher 
level of precision than earthwork staking and demand careful attention to both horizontal 
position and vertical elevation. The tolerances are tighter, the consequences of error are 
more severe, and the documentation requirements are more rigorous. 

Underground utility work, including storm drainage, sanitary sewer, water main, and other 
buried infrastructure, requires the surveyor to stake alignment and grade for pipes that 
will be invisible once installed. This work combines elements of linear staking and 
structure staking and carries its own documentation requirements, since the as-built 
location of buried utilities is a critical record that may be referenced for decades after 
construction. 

How This Course Is Organized 
This course follows the natural sequence of a construction project, beginning with the 
preconstruction work of establishing project control and progressing through alignment 
staking, grade work, earthwork, structures, utilities, and finally as-built documentation. 

Section 2 covers project control and coordinate systems, including how control is 
established, how it is protected and maintained during construction, and how coordinate 
systems are selected and applied. 
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Section 3 addresses horizontal alignment staking, covering the geometry of tangent 
sections, simple curves, and spiral transitions, as well as the offset staking procedures 
used to protect stakes from construction disturbance. 

Section 4 covers vertical control and grade work, including benchmark establishment, 
differential leveling in a construction environment, and the methods used to set and check 
grades for various construction elements. 

Section 5 addresses earthwork and site grading, including slope staking, cross-section 
documentation, cut and fill determination, and the coordination between survey and 
earthwork operations. 

Section 6 covers structures and utilities, addressing the precision staking required for 
foundations, walls, and bridges, as well as the alignment and grade staking used for 
underground pipe systems. 

Section 7 addresses as-built surveying, covering the methods, tolerances, and 
deliverable formats used to document completed construction for the project record. 

Section 8 provides a closing summary and synthesis of the material. 

Section 9 presents ten review questions in multiple choice format. 

A Note on Standards and Tolerances 
Construction surveying does not operate under a single universal standard. Tolerances 
for staking accuracy vary by project type, contract requirements, and the professional 
judgment of the surveyor of record. Some contracts specify explicit positional tolerances. 
Others leave it to the surveyor to apply reasonable professional standards. 

Throughout this course, tolerances and accuracy expectations are discussed in general 
terms consistent with widely accepted practice. Participants are expected to apply their 
own professional judgment in reconciling these general principles with the specific 
requirements of any given project or contract. 

Instrumentation references in this course are similarly general. The principles discussed 
apply whether the field crew is using a total station with data collector, a global navigation 
satellite system (GNSS) receiver, or a combination of both. The geometry does not 
change with the instrument. What changes is the method of data collection and the source 
of positional information. Both are addressed where relevant throughout the course. 
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Section 2 — Project Control and Coordinate Systems 
Before a single stake is driven on a construction project, the surveyor must establish a 
reliable framework of known positions and elevations from which all subsequent field work 
can be referenced. This framework is called project control, and it is the foundation on 
which everything else in construction surveying is built. If the control is wrong, everything 
derived from it is wrong. No amount of careful staking can correct a bad control network, 
and errors in control have a way of compounding across a project in ways that are difficult 
to detect until significant damage has already been done. 

Project control has two distinct components: horizontal control, which establishes known 
positions in a two-dimensional coordinate system, and vertical control, which establishes 
known elevations referenced to a defined datum. Both must be established before 
construction staking begins, and both must be maintained and protected throughout the 
life of the project. 

Horizontal Control 
Horizontal control on a construction project is built around a set of control points whose 
positions are known in a defined coordinate system. These points serve as the origin for 
all horizontal layout work on the project. They must be positioned with sufficient accuracy 
to support the precision required by the project, and they must be placed in locations 
where they can be occupied or sighted without obstruction throughout construction. 

The coordinate system used for a project is typically one of two types. The first is a 
ground-based local coordinate system, sometimes called a project coordinate system, 
which is established specifically for the project and has no direct relationship to any 
external reference frame. The second is a geodetic coordinate system, which ties the 
project to a national or regional reference framework such as a state plane coordinate 
system. 

State plane coordinate systems are based on a mathematical projection of the earth's 
curved surface onto a flat plane. Distances measured on the ground differ from distances 
computed in the state plane grid because of the combined effect of the earth's curvature 
and the elevation of the ground above the ellipsoid. The ratio between a ground distance 
and its corresponding grid distance is called the combined scale factor, and it must be 
applied whenever ground measurements are being converted to grid values or vice versa. 

On projects where the contract documents are based on state plane coordinates, the 
surveyor must be diligent about applying scale factors correctly. Failure to do so 
introduces a systematic error that affects every computed position derived from the 
control network. On smaller projects where a local coordinate system is used, this issue 
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does not arise, but the trade-off is that the project cannot be easily tied to adjacent 
projects or to a regional mapping framework without a subsequent transformation. 

Control points for horizontal control are typically set as monuments, which may be 
concrete or steel in permanent installations, or as chiseled marks, steel pins, or driven 
stakes for temporary construction control. Permanent monuments are used at project 
endpoints and other locations that need to survive beyond the construction period. 
Temporary control points, also called construction control points or project control 
monuments, are set at intervals throughout the project at locations where they can be 
used efficiently without being disturbed by construction activity. 

The spacing of horizontal control points depends on the project type and the 
instrumentation being used. On a total station based survey, control points must be set 
close enough together that any given staking location can be reached from at least one 
control point with a clear line of sight. On a GNSS based survey, line of sight is not 
required, but control points are still needed to establish the local coordinate framework 
and to verify instrument performance throughout the project. 

Control Traverses and Network Adjustment 
Horizontal control points are typically established through a control traverse, which is a 
series of connected angle and distance measurements that links the new control points 
to existing reference monuments. The traverse is then adjusted using one of several 
mathematical methods to distribute any closure error across the network. 

A rigorous method of traverse adjustment is a least squares adjustment, which uses 
statistical principles to distribute error in a way that minimizes the sum of the squares of 
the residuals. Least squares adjustment also provides a measure of the internal 
consistency of the network, allowing the surveyor to identify weak measurements or 
poorly conditioned geometry before the control is put into service. 

Less rigorous but widely used alternatives include the compass rule adjustment and the 
transit rule adjustment. The compass rule distributes the closure error in proportion to the 
length of each traverse leg, while the transit rule distributes it in proportion to the departure 
and latitude of each leg. Both methods produce acceptable results for most construction 
control networks, provided the traverse closure meets the accuracy requirements of the 
project. 

The closure ratio of a traverse, expressed as the ratio of the linear misclosure to the total 
traverse length, is the standard measure of traverse accuracy. Construction control work 
is generally held to a closure ratio appropriate to the project's precision requirements, with 
routine earthwork control tolerating a looser standard than higher-precision applications. 
Structural work, for example, typically demands a tighter closure ratio than ordinary 
earthwork control. 
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Vertical Control 
Vertical control is established through a network of benchmarks (BM) whose elevations 
are known relative to a defined vertical datum. In the United States, the standard vertical 
datum is the North American Vertical Datum of 1988 (NAVD 88), which references mean 
sea level at a network of tide gauges. On projects that tie to existing infrastructure such 
as roads, utilities, or structures, it is essential that the project benchmarks be referenced 
to the same datum as the existing work to avoid elevation conflicts at connection points. 

Project benchmarks are established by running a line of differential levels from an existing 
benchmark of known elevation to one or more project benchmarks within or adjacent to 
the project limits. The level circuit is then closed back to the starting benchmark or to a 
second benchmark of known elevation to verify accuracy. The allowable closure error for 
a level circuit is typically expressed as a function of the distance leveled, with common 
standards allowing a closure of a certain number of millimeters per square root of the 
distance in kilometers, or an equivalent expression in feet and miles. 

Construction benchmarks must be set in stable locations that will not be disturbed by 
construction activity. Suitable locations include existing concrete structures, rock 
outcrops, utility valve boxes, or driven steel pins in undisturbed ground outside the 
construction limits. Benchmarks set on unstable ground, in fill areas, or within the footprint 
of planned grading work are likely to move and will corrupt the vertical control if they are 
not checked and rechecked regularly. 

On longer projects, multiple benchmarks are distributed at intervals along the project to 
minimize the setup time required to establish grade at any given location. A general rule 
of practice is to set benchmarks close enough together that a grade rod reading from any 
work location can be obtained from at least one benchmark without an intermediate 
turning point, though on projects with significant relief or complex geometry, turning points 
may still be necessary. 

Protecting and Maintaining Control 
One of the most persistent challenges in construction surveying is keeping control points 
intact while active construction is underway. Equipment operators, grading work, and 
material staging all pose threats to survey monuments. A control point that is destroyed 
mid-project must be re-established from the remaining network, and if insufficient 
redundancy was built into the original network, re-establishment may require returning to 
the original source monuments outside the project limits. 

The standard practice for protecting control points is to reference each monument before 
construction begins. Referencing means measuring and recording the distance and 
direction from the control point to several stable, nearby objects such as trees, fence 
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posts, utility poles, or permanent structures. If the monument is disturbed, it can be re-
established from its reference ties without returning to the original network. 

On projects where heavy construction activity is anticipated near control points, it is 
sometimes necessary to set offset control, which places the usable control point at a safe 
distance from the area of disturbance while maintaining a known geometric relationship 
to the true control position. This is common on highway projects where the alignment 
control must be set outside the grading limits. 

Control points should be checked periodically throughout the project, particularly after any 
event that may have disturbed the ground in their vicinity. A point that has moved and has 
not been detected will introduce errors into all subsequent staking performed from it. 
Regular checks, either by re-occupying the point and observing to other control points or 
by verifying elevations against the level network, are essential to maintaining the integrity 
of the control throughout the project. 

Coordinate Geometry in Construction Layout 
Once the control network is established, the surveyor uses coordinate geometry to 
compute the positions of all staking points. This means assigning coordinates to every 
point that will be set in the field, whether that point is on the centerline of a road, at the 
corner of a building footprint, or at the edge of a proposed drainage structure. 

COGO computations for construction layout typically include inverse calculations, which 
compute the distance and bearing between two known points, and forward calculations, 
which compute the position of a new point given a starting position, a bearing, and a 
distance. These computations are performed in the plane of the project coordinate 
system, and the results are used either to drive the staking process directly through a 
data collector or to prepare staking notes that a field crew uses with conventional 
instrument methods. 

The accuracy of COGO computations depends on the accuracy of the input data. Plan 
sheet coordinates, design alignments, and offset distances must all be entered correctly 
and checked before field work begins. A common source of error is the failure to apply 
the correct scale factor when converting between ground and grid coordinates, or the use 
of coordinates from a different version of the design than what is current. Version control 
of design files and staking data is a practical but critical aspect of construction surveying 
management that is easy to overlook and expensive to get wrong. 

Technology and Instrumentation 
Modern construction surveying relies heavily on total stations with integrated data 
collectors and GNSS receivers. Both technologies have significantly improved the speed 
and efficiency of construction layout compared to traditional transit and tape methods, but 
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both also carry their own sources of error and limitations that the surveyor must 
understand and manage. 

Total stations measure horizontal angles, vertical angles, and slope distances 
electronically and can compute horizontal and vertical position in real time when set up 
over a known control point and backsighted to a second known point. The accuracy of a 
total station setup depends on the quality of the instrument, the precision of the centering 
and leveling, and the care taken in establishing the backsight orientation. Errors in the 
backsight bearing propagate into every subsequent measurement made from that setup. 

GNSS receivers determine position by measuring the travel time of signals from multiple 
satellites and solving for the receiver's three-dimensional position. Real-time kinematic 
(RTK) GNSS, which uses a base station broadcasting corrections to a rover receiver, can 
achieve horizontal accuracies on the order of a few centimeters under good conditions. 
However, GNSS performance degrades significantly in areas with obstructed sky views, 
such as near tall buildings or under heavy tree canopy, and the surveyor must be aware 
of these limitations when selecting instrumentation for a given staking task. 

Machine control systems, which use GNSS or total station based positioning to guide 
construction equipment directly, have become increasingly common on large grading and 
paving projects. While these systems reduce the need for traditional staking in some 
contexts, they do not eliminate the need for survey control or for verification by a licensed 
professional. The control network that feeds a machine control system must be 
established and maintained with the same rigor as any other construction survey. 
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Section 3 — Horizontal Alignment Staking 
Horizontal alignment staking is the process of establishing the planned horizontal position 
of a construction project in the field. On linear projects such as roads, highways, pipelines, 
and drainage channels, the horizontal alignment defines the path the project follows 
across the landscape. Staking that alignment accurately and in a form the contractor can 
use is one of the most fundamental tasks in construction surveying. 

The horizontal alignment of a linear project is defined by a series of geometric elements: 
tangent sections, which are straight lines; circular curves, which are arcs of constant 
radius; and in some cases spiral transition curves, which provide a gradual change in 
curvature between a tangent and a circular arc. Understanding the geometry of each 
element and the computations required to stake it is the starting point for all horizontal 
alignment work. 

Stationing 
Before addressing the geometry of individual alignment elements, it is necessary to 
understand the stationing system used on linear projects. Stationing is a method of 
measuring and labeling distance along the alignment, beginning at a defined starting point 
and increasing continuously in the direction of increasing chainage. Stations are 
expressed in units of 100 feet in customary practice, so a point at 1,350 feet from the start 
of the project is labeled as station 13+50. On metric projects, stations are expressed in 
units of 1,000 meters, though the plus notation is retained. 

Stations are assigned to key points along the alignment, including the point of intersection 
(PI), which is the point where two tangents meet if extended; the point of curvature (PC), 
which is where the alignment transitions from tangent to curve; the point of tangency (PT), 
which is where the alignment transitions back from curve to tangent; and intermediate 
points along the tangent and curve as needed for staking purposes. 

The stationing system allows any point along the alignment to be described by a single 
value that communicates both its identity and its distance from the project origin. It also 
provides a consistent reference for cross-referencing plan sheets, earthwork quantities, 
and other project data. 

Tangent Staking 
Staking a tangent section is straightforward in principle. The surveyor occupies a known 
control point, orients the instrument to a second known point or backsight, and then turns 
angles and measures distances to set stakes at the desired station intervals along the 
tangent. The station interval for tangent staking on highway projects is typically closer in 
developed or complex areas and wider in open terrain, with closer intervals at grade 
breaks, drainage structures, and other features requiring tighter control. 
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In practice, tangent staking is complicated by the fact that the control points established 
for the project are rarely located exactly on the centerline. The surveyor must compute 
the position of each stake in the project coordinate system and then measure to that 
position from the available control. On projects using a data collector with a coordinate-
driven staking routine, this process is largely automated. On projects using conventional 
methods, the surveyor prepares a set of staking notes that lists the bearing and distance 
from each control point to each stake location. 

Accuracy requirements for tangent staking on highway projects are much looser for 
earthwork staking than for pavement and structure staking. These tolerances reflect the 
different consequences of error in different construction phases. A grade stake for rough 
earthwork that is off by a small margin is unlikely to cause a problem, while a stake for a 
concrete curb or a bridge abutment that is off by the same amount may result in a 
defective product. 

Circular Curve Geometry 
When a horizontal alignment changes direction, the transition is accomplished by a 
circular curve rather than an abrupt angle. The curve is defined by its radius, which is the 
distance from the center of the circle to the centerline of the alignment. A larger radius 
produces a flatter curve, while a smaller radius produces a sharper one. The minimum 
radius for a given roadway is determined by the design speed and the superelevation of 
the roadway surface, but those design considerations are the domain of the highway 
engineer rather than the construction surveyor. 

The construction surveyor's concern is staking the curve accurately in the field. To do that, 
a working knowledge of circular curve geometry is required. The key elements of a simple 
circular curve are as follows. 

The PI is the point where the two tangents intersect when extended. The intersection 
angle, also called the delta angle and abbreviated as the Greek letter delta, is the angle 
between the two tangents at the PI, which is also equal to the central angle of the curve. 

The PC is the point where the curve begins, located on the back tangent at a distance 
from the PI called the tangent length, abbreviated T. The PT is the point where the curve 
ends, located on the forward tangent at the same distance T from the PI. The tangent 
length is computed as T equals R times the tangent of one half delta, where R is the curve 
radius. 

The length of the curve, abbreviated L, is the arc distance from the PC to the PT along 
the centerline. It is computed as L equals R times delta, where delta is expressed in 
radians. 
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The chord distance from the PC to the PT, called the long chord, is computed as the long 
chord equals 2 times R times the sine of one half delta. 

These values are the foundation of the curve data block that appears on highway plan 
sheets and that the surveyor uses to compute stake positions along the curve. 

Staking Circular Curves 
Several methods exist for staking circular curves in the field. The method selected 
depends on the instrumentation available, the geometry of the project, and the precision 
required. 

The deflection angle method is the classical approach and remains in use on projects 
where total stations are employed. In this method, the instrument is set up at the PC, 
backsighted along the back tangent, and used to stake points along the curve by turning 
successive deflection angles and measuring chord distances. The deflection angle to any 
point on the curve is equal to one half the central angle subtended from the PC to that 
point. The chord distance between successive stakes is computed from the geometry of 
the curve. This method produces accurate results when executed carefully, but it 
accumulates error over long curves because each stake position depends on the previous 
one. 

The coordinate method, which is the approach used on virtually all modern construction 
projects with data collectors, avoids this accumulation of error by computing the position 
of each stake point directly in the project coordinate system without reference to 
previously set stakes. The surveyor computes the coordinates of points at regular station 
intervals along the curve using the arc definition of the curve, then stakes each point 
independently from the project control network. This method is both more efficient and 
more accurate than deflection angles for most applications. 

Regardless of the staking method used, the surveyor should check the geometry of the 
staked curve by measuring a representative set of chord distances between adjacent 
stakes and comparing them to the computed values. Significant discrepancies indicate 
an error in either the computations or the field work and must be resolved before the 
contractor proceeds. 

Spiral Transition Curves 
On higher-speed roadways and railways, the design may include spiral transition curves 
between the tangent and the circular arc. A spiral provides a gradual introduction of 
curvature rather than an abrupt transition from infinite radius on the tangent to the finite 
radius of the circular curve. This is beneficial both for vehicle dynamics and for the gradual 
introduction of superelevation. 
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The geometry of a spiral is more complex than that of a circular curve because the radius 
changes continuously along its length. The key parameters of a spiral are the spiral 
length, abbreviated Ls, and the degree of curvature at the end of the spiral where it meets 
the circular arc. From these parameters, the positions of key points can be computed, 
including the tangent to spiral point (TS), the spiral to curve point (SC), the curve to spiral 
point (CS), and the spiral to tangent point (ST). 

Staking spiral curves by hand computation is tedious, and this is an area where data 
collector software provides a substantial practical advantage. Most modern survey data 
collectors include spiral staking routines that accept the spiral parameters and compute 
stake positions automatically. The surveyor's responsibility is to enter the correct 
parameters and verify the output against the plan sheet geometry before proceeding to 
the field. 

Offset Staking 
In most construction operations, stakes placed directly on the centerline of the alignment 
will be destroyed almost immediately by grading equipment, concrete forms, or other 
construction activity. To preserve the stake information through the construction process, 
surveyors place offset stakes at a defined distance to the side of the centerline rather 
than on it. 

Offset staking means that the stake is not at the design location but at a known, measured 
distance from it. The contractor uses the offset distance, which is marked on the stake, to 
locate the true design position. The offset distance must be large enough to keep the 
stake clear of construction activity but not so large that measuring from it to the design 
location introduces unacceptable error. 

Common offset distances on highway projects are 2 feet, 5 feet, or 10 feet from the 
centerline, depending on the construction element being staked and the expected extent 
of disturbance. On some projects, offset stakes are set at a fixed distance from the edge 
of construction rather than from the centerline, which provides a more consistent 
reference for the contractor working along the cut or fill slope. 

The offset distance and direction must be marked clearly on every stake. A stake that 
does not identify its offset is useless to the contractor. Standard notation uses a letter to 
indicate direction, such as L for left and R for right when looking in the direction of 
increasing stationing, followed by the offset distance. A stake reading L 5.0, for example, 
is 5 feet to the left of the reference line. 

Cut sheets, also called grade sheets or staking notes, are the written record that 
accompanies the staked alignment. These documents list the station, offset, and cut or 
fill information for each stake and are provided to the contractor as the primary reference 
for interpreting the staked work. The cut sheet must be legible, complete, and consistent 
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with what is marked on the stakes. Discrepancies between the cut sheet and the field 
marks create confusion and increase the risk of construction error. 

Reference Stakes and Witness Stakes 
When a centerline or other primary stake is set at or near ground level, a reference stake 
or witness stake is often set nearby at a more visible location to help the contractor identify 
and protect the hub. The witness stake is typically a lath or wooden stake driven at a slight 
angle toward the hub, with the hub station and offset written on it. Some surveyors also 
paint or flag the lath for additional visibility. 

On highway projects where the centerline is to be graded away, it is standard practice to 
set the primary offset stakes before any earthwork begins and to provide reference ties 
to those stakes from additional points outside the area of disturbance. This allows the 
offset stakes to be re-established if they are lost during grading, without returning to the 
project control network. 

Right of Way Staking 
On many public infrastructure projects, the construction surveyor is also responsible for 
staking the limits of the right of way (ROW). ROW staking defines the boundary of the 
public ownership corridor within which construction will occur and beyond which the 
contractor may not disturb private property without authorization. 

ROW stakes are set at the corners of the ROW and at intervals along the ROW line 
between corners. They are typically marked with ROW lath or flagging and are set to a 
higher positional accuracy than earthwork stakes because they have legal significance. 
The ROW boundary is derived from the legal description of the project corridor, and the 
staked positions must be consistent with that description. 

On projects where the ROW has been previously surveyed and monumented, the 
construction surveyor must locate the existing monuments and verify that the design 
alignment is consistent with the established ROW limits. Discrepancies between the 
design and the established ROW must be reported to the project engineer before staking 
proceeds. 

Intersection and Curve Control Points 
On projects involving intersections, interchanges, or other complex geometry, additional 
control points are often needed to support the staking of multiple converging alignments. 
These control points, sometimes called layout control points or secondary control, are set 
specifically to support the staking of a defined area and are referenced to the primary 
project control network. 
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The surveyor planning an intersection staking operation must think through the entire 
geometry of the intersection before going to the field, identifying which control points will 
be used for each element and verifying that the geometry closes correctly. An intersection 
with overlapping curb returns, for example, requires careful attention to the geometry of 
each return curve and its relationship to the adjacent tangents. Errors in intersection 
geometry are among the more common and costly mistakes in construction surveying, 
and most of them can be prevented by thorough office preparation before field work 
begins. 

  



Florida Provider CE176  

  

Section 4 — Vertical Control and Grade Work 
If horizontal alignment staking defines where a construction project goes, vertical control 
and grade work define how high it sits. Elevation is as critical to a finished product as 
position, and in many construction elements, it is the more demanding dimension to 
control. A road surface at the wrong grade drains improperly. A pipe laid at the wrong 
slope surcharges or fails to flow. A building floor set at the wrong elevation conflicts with 
adjacent grading, access, or drainage. The licensed surveyor responsible for grade work 
must understand both the methods used to establish and transfer vertical control and the 
tolerances that apply to different construction elements. 

Vertical Datums and Benchmark Networks 
All elevation work on a construction project is referenced to a vertical datum, which is a 
defined surface used as the origin for elevation measurements. The standard datum in 
use across the United States is NAVD 88, which was introduced in Section 2. On projects 
that connect to existing infrastructure, it is not sufficient to simply establish a benchmark 
network internally. The project benchmarks must be tied to the same datum as the existing 
work, and the surveyor must verify that connection before any grade-dependent staking 
or construction begins. 

On projects in areas of high relief, or on projects that span large geographic extents, the 
surveyor must also be aware that orthometric heights, which are what a level circuit 
produces, differ from ellipsoidal heights, which are what a GNSS receiver produces 
directly. The difference between the two is the geoid undulation, and it varies across the 
landscape. Converting GNSS-derived ellipsoidal heights to orthometric heights requires 
application of a geoid model. When GNSS is used to establish or check vertical control, 
the appropriate geoid model must be applied, and the results should be verified against 
a leveled benchmark before the GNSS-derived elevations are accepted for grade control. 

Differential Leveling in a Construction Environment 
Differential leveling is the standard method for establishing and transferring vertical 
control on a construction project. The principles are identical to those used in any other 
leveling application: a level instrument is set up between two points, a rod reading is taken 
on a point of known elevation to determine the height of instrument (HI), and then rod 
readings are taken on unknown points to compute their elevations. 

In a construction environment, differential leveling is performed under conditions that can 
challenge instrument performance. Heat shimmer over paved or graded surfaces can 
make rod readings difficult. Vibration from nearby equipment affects instrument stability. 
Dust, mud, and rough terrain complicate instrument setup. The surveyor working in these 
conditions must account for these factors and adopt field practices that maintain accuracy 
despite them. 
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Balanced setups, in which the distance from the instrument to the backsight rod and the 
distance to the foresight rod are kept approximately equal, minimize the effect of 
instrument collimation error and atmospheric refraction on the leveling results. This 
principle applies in construction leveling just as it does in control leveling, and it should 
be observed whenever practical. On construction sites where space and line of sight are 
constrained, perfectly balanced setups may not always be achievable, but the surveyor 
should strive to keep imbalances within reasonable limits. 

Rod readings in construction leveling are typically taken to the nearest hundredth of a 
foot, which is the standard graduation of a Philadelphia rod used in customary practice. 
On some high-precision applications, such as setting elevations for bridge deck forms or 
precision floor slabs, a more refined reading technique may be needed. In those cases, 
a digital level with a bar-code rod can provide readings to the nearest thousandth of a 
foot and eliminates the subjective error introduced by visual rod interpolation. 

Establishing Project Benchmarks 
The process of establishing project benchmarks begins with a connection to an existing 
benchmark of known elevation. Suitable source benchmarks include those set by federal 
or state geodetic agencies, those set on previous projects in the area, or those found on 
existing structures with documented elevations. The surveyor must evaluate the reliability 
of the source benchmark before using it. A benchmark that has not been checked in years, 
or one set on a structure that may have settled, should be verified against at least one 
other independent source before it is accepted. 

From the source benchmark, the surveyor runs a line of differential levels to each project 
benchmark location, recording backsight and foresight readings at each instrument setup 
and accumulating the elevation difference along the route. At the end of the line, the circuit 
is closed either back to the starting benchmark or to a second benchmark of known 
elevation. The misclosure, which is the difference between the computed and known 
elevation at the closing point, is compared against the allowable closure tolerance for the 
project. 

If the misclosure falls within the allowable tolerance, the elevations are adjusted and the 
benchmarks are accepted. If the misclosure exceeds the tolerance, the level run must be 
repeated and the source of error identified. Common sources of leveling error include 
incorrect rod readings, rod not held plumb, instrument disturbed between backsight and 
foresight readings, and use of a turning point that settled or shifted between readings. 

Project benchmarks should be set in pairs or clusters whenever possible, so that any 
single benchmark can be checked against its neighbor without returning to the source. A 
benchmark that cannot be independently verified is a single point of failure in the vertical 
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control network, and its loss or movement may not be detectable until after grade-
dependent work has been completed. 

Grade Rods and Grade Checking 
Once project benchmarks are established, the surveyor uses them to set and check 
grades for specific construction elements. The tool for this work is the grade rod, which is 
the calculated rod reading that corresponds to a desired elevation at a given point. If the 
instrument is set up and a backsight is taken on a benchmark to determine the HI, then 
the grade rod for a given design elevation is simply HI minus the design elevation. A rod 
held at the design location reads the grade rod value when the bottom of the rod is exactly 
at design grade. 

This relationship is the foundation of all grade checking in construction. The contractor's 
crew places a surface, a pipe, a form, or a subgrade at an estimated elevation, and the 
surveyor checks it by taking a rod reading and comparing it to the grade rod. If the reading 
matches the grade rod, the elevation is correct. If it is higher than the grade rod, the 
surface is low and must be raised. If it is lower than the grade rod, the surface is high and 
must be cut. 

The direction of the correction can be a source of confusion in the field if the terminology 
is not clear. The convention used in this course, and in most construction practice, is that 
cut means the existing surface is above design grade and material must be removed, 
while fill means the existing surface is below design grade and material must be added. 
This convention should be stated clearly in any staking notes or grade sheets provided to 
the contractor. 

Grade checking is performed at defined intervals and at key locations specified by the 
project requirements or the surveyor's professional judgment. For pavement subgrade, a 
grid pattern of checks across the full width of the roadway is typical. For pipe installation, 
a check at each pipe joint is standard practice on most projects. For concrete flatwork, 
checks at the corners and at intermediate points along the slab are typical. 

Setting Grade Stakes 
A grade stake is a stake set in the ground whose top or a marked point on it indicates a 
specific elevation relationship to the design grade. There are two common approaches to 
grade stakes in construction practice. 

The first approach is to set the top of the stake at exactly the design grade elevation. This 
is called a grade stake to grade or a blue top, a term that comes from the practice of 
marking the top of the stake with blue keel or crayon when the stake has been driven to 
the exact design elevation. Blue tops are commonly used for subgrade and finish grade 
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staking on road projects, where the contractor can use a stringline or screed between 
adjacent blue tops to establish grade across the full width. 

The second approach is to set the stake at a convenient height above or below the design 
grade and mark the cut or fill distance on the stake. This is more flexible in rough terrain 
or in situations where driving a stake to exact grade is impractical. The cut or fill distance, 
called the grade cut or grade fill, is written on the stake along with the station and any 
other relevant information. 

Slope Stakes 
Slope staking is a specialized form of grade work used to define the limits of earthwork 
on a graded project. A slope stake marks the point on the existing ground surface where 
the proposed cut or fill slope meets the natural terrain. It is the boundary between 
disturbed and undisturbed ground, and it defines the outer limit of earthwork for each 
cross-section. 

The location of the slope stake cannot be computed from the plan sheets alone because 
it depends on the actual ground elevation at the stake location, which varies continuously 
across the terrain. Finding the slope stake requires an iterative field process in which the 
surveyor takes a ground shot at an estimated location, computes whether that location is 
inside or outside the design slope, adjusts the position, and repeats until the computed 
slope stake location converges on the actual ground surface. 

The computation at each trial position involves comparing the existing ground elevation 
to the design subgrade elevation at the centerline, then projecting the design cut or fill 
slope outward from the edge of the roadway template to see where it intersects the 
ground. If the computed intersection point matches the trial position within an acceptable 
tolerance, the slope stake is set there. If not, the surveyor moves in the correct direction 
and tries again. 

Once set, a slope stake is marked with the station, the cut or fill distance at the stake, and 
the distance from the stake to the centerline. This information allows the contractor to 
understand the full cross-section geometry at that station and to lay out the cut or fill slope 
correctly. 

Grade Control for Utilities 
Underground utility installation requires a level of grade control that is different in 
character from road grading. Where road grading tolerates variations of a few hundredths 
of a foot over the width of a cross-section, pipe installation requires consistent grade along 
the length of the pipe to maintain the design flow characteristics. 

The design slope of a gravity pipe, expressed as a percentage or as a rise over run ratio, 
is typically set by the engineer to achieve a specific flow velocity. A pipe laid at a slope 
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flatter than design may result in inadequate self-cleaning velocity and sediment 
accumulation over time. A pipe laid at a steeper slope than design may cause erosion at 
the outlet or hydraulic problems at connections. Either condition represents a deviation 
from design intent that may need to be documented and evaluated. 

Grade control for pipe installation is typically provided through a system of offset grade 
stakes set at intervals along the pipe alignment. Each stake is set at a known elevation 
and marked with the cut distance from the top of the stake to the design invert elevation 
of the pipe at that station. The invert elevation is the inside bottom of the pipe, which is 
the controlling elevation for flow grade. 

The interval between pipe grade stakes depends on the pipe diameter, the design slope, 
and the installation method. On projects with laser-guided pipe laying equipment, grade 
stakes are typically set closer together to support the laser setup. On projects with manual 
grade control, stakes are spaced further apart, with additional stakes at any grade 
change, structure, or connection point. 

Transferring Grade into Excavations 
One of the practical challenges of construction grade work is establishing grade 
references at the bottom of deep excavations where the surface benchmarks are not 
visible. This situation arises in utility trenches, footing excavations, and similar work where 
the design elevation is significantly below the existing ground surface. 

The standard method for transferring grade into an excavation is to use a story pole, 
which is a rod of known length marked at specific elevation intervals, in combination with 
the instrument setup at the surface. The surveyor determines the HI from the surface 
benchmark, then computes what rod reading on the story pole would correspond to the 
desired invert or footing elevation. The story pole is then lowered into the excavation, and 
the contractor adjusts the excavation depth until the instrument cross-hair bisects the 
correct mark on the pole. 

An alternative method, commonly used on deep utility work, is the use of a laser level set 
to a known elevation. The laser beam projects a horizontal plane at a known elevation, 
and a laser detector attached to a grade rod in the excavation provides a direct readout 
of the height above or below the laser plane. This method allows a single instrument setup 
to control grade over a large area and eliminates the need for repeated rod readings from 
a surface instrument. 

Regardless of the method used, grade transferred into an excavation should be checked 
independently before the contractor proceeds with work that will be difficult or impossible 
to correct. A pipe invert set at the wrong elevation, or a footing poured at the wrong depth, 
represents a serious defect that may require costly remediation. A few minutes spent 
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verifying grade before the concrete is poured or the pipe is bedded is a worthwhile 
investment. 
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Section 5 — Earthwork and Site Grading 
Earthwork is the physical reshaping of the land surface to conform to a design. On most 
construction projects, it represents the largest single volume of work and one of the 
earliest construction activities. Before roads are paved, structures are built, or utilities are 
installed, the existing terrain must be cut down or built up to approximate the design 
grades. The construction surveyor's role in this process is to provide the contractor with 
enough information to perform that reshaping accurately and efficiently, and to document 
the results in a form that supports quantity computation and project records. 

Earthwork surveying draws on the horizontal alignment staking and vertical control 
methods covered in the preceding sections, but it applies them in a specific context with 
its own conventions, terminology, and field procedures. A surveyor who understands the 
geometry of earthwork, the mechanics of slope staking, and the documentation 
requirements for cross-section work will be equipped to support earthwork operations on 
a wide range of project types. 

The Earthwork Cross-Section 
The fundamental unit of earthwork analysis is the cross-section, which is a vertical slice 
through the project perpendicular to the centerline at a given station. The cross-section 
shows the relationship between the existing ground surface and the design template at 
that station, and from that relationship, the cut or fill quantities at that station can be 
computed. 

A design template is the specified shape of the finished roadway or graded surface at a 
given cross-section. For a typical two-lane road, the template includes the travel lanes, 
shoulders, ditches, and the cut or fill slopes connecting the roadway to the natural ground. 
The template is defined by the design engineer and is a function of the roadway 
classification, the design speed, and the site conditions. 

The existing ground surface at each cross-section is represented by a series of ground 
shots taken in the field at the time of the original topographic survey or at the time of 
construction staking. These shots establish the elevation of the natural ground at defined 
intervals across the section width. When plotted alongside the design template, the 
difference between the two defines the volume of material to be cut or filled at that station. 

End area methods are the traditional approach to computing earthwork volumes from 
cross-sections. The area of the cut or fill section at each station is computed from the 
cross-section geometry, and the volume between adjacent stations is estimated as the 
product of the average end area and the distance between stations. This method, called 
the average end area method, tends to overestimate volumes in curved sections and in 
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areas of rapidly changing section geometry, but it is widely used because of its simplicity 
and its acceptance in most contract specifications. 

The prismoidal formula provides a more accurate volume estimate by accounting for the 
shape of the solid between two cross-sections more rigorously. It requires the area of a 
mid-section between the two end sections in addition to the end areas themselves. On 
projects where volume accuracy is critical for payment purposes, the prismoidal formula 
or a three-dimensional surface model approach may be specified. 

Slope Staking Procedures 
As introduced in Section 4, slope staking is the field process of locating the point where 
the design cut or fill slope meets the existing ground surface. This section addresses the 
field procedures in greater detail. 

Before going to the field, the surveyor should prepare a set of trial slope stake distances 
based on the design cross-sections and an estimate of the ground conditions. These trial 
distances are derived from the design roadway width, the design cut or fill slope ratio, and 
the estimated cut or fill depth at the centerline. They give the field crew a starting point 
for the iterative location process. 

In the field, the crew sets up the instrument at the centerline stake or at an offset control 
point from which the centerline elevation and position are known. A rod person walks to 
the trial slope stake distance on one side of the centerline and takes a ground shot. The 
surveyor computes the elevation of that ground shot and compares it to the design 
elevation at that point, which is determined by projecting the design template from the 
centerline out to the trial distance. 

If the ground elevation at the trial position is higher than the design elevation at that 
distance, the actual slope stake is farther out from the centerline, and the rod person 
moves outward. If the ground elevation is lower than the design elevation, the slope stake 
is closer to the centerline, and the rod person moves inward. This process is repeated 
until the difference between the ground elevation and the design elevation at the trial 
position is within an acceptable tolerance, typically 0.1 feet or less. 

Once the slope stake position is accepted, the stake is driven at that location and marked 
with the station, the cut or fill depth at the stake, and the horizontal distance from the 
stake to the centerline. The cut or fill depth at the slope stake is the vertical distance from 
the existing ground at the stake to the nearest design surface, which may be the top of 
cut or the toe of fill depending on the section type. 

The process is then repeated on the opposite side of the centerline. In areas where the 
terrain is irregular, the two sides of a cross-section may converge to the slope stake at 
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significantly different distances from the centerline, and the surveyor must treat each side 
independently rather than assuming symmetry. 

Ditch Staking 
On road projects with roadside ditches, the ditch must be staked in addition to the cut and 
fill slopes. The ditch establishes the drainage path along the roadway and must be graded 
to provide positive flow toward outlets or cross-drainage structures. Ditch stakes are set 
at the flowline of the ditch, which is the lowest point of the ditch cross-section, at intervals 
corresponding to the earthwork station spacing. 

Each ditch stake is marked with the station, the cut or fill from existing ground to the 
design ditch flowline elevation, and any other information needed by the contractor to 
interpret the stake correctly. On projects with complex ditch grades, such as those that 
change slope or direction between culvert outlets, the surveyor must pay careful attention 
to the design ditch profile and verify that the staked grades are consistent with it. 

Ditch outlets and inlets at culverts are critical grade control points. The invert elevation of 
a culvert inlet controls the ditch grade upstream of the structure, and the invert elevation 
of the outlet controls the ditch grade downstream. These elevations must be set 
accurately, and the ditch grade between culverts must be consistent with both the design 
profile and the culvert invert elevations. Inconsistencies between the culvert invert 
elevations and the ditch grades are a common source of drainage problems on road 
projects and should be resolved at the staking stage rather than after grading is underway. 

Subgrade Staking and Blue Tops 
Once the rough earthwork is complete and the cut and fill slopes are established to 
approximate grade, the project moves into the subgrade preparation phase. Subgrade is 
the compacted native or improved soil layer on which pavement layers are placed, and 
its elevation and cross-slope must conform closely to the design template before paving 
begins. 

Subgrade staking is typically performed after rough grading is complete and the surface 
is close to design grade. The surveyor sets blue tops, as described in Section 4, at defined 
intervals across the roadway width to establish the finished subgrade elevation. On most 
highway projects, blue tops are set in a pattern that places stakes at the centerline, at 
each lane edge, and at each shoulder edge, at regular intervals along the alignment close 
enough to guide accurate fine grading. 

The contractor uses these blue tops as grade references for the fine grading operation, 
either by running a stringline between adjacent stakes or by using a motor grader 
equipped with an automatic grade control system. After fine grading is complete, the 
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surveyor performs a final grade check to verify that the subgrade surface is within the 
specified tolerances before paving operations begin. 

Final grade checks for subgrade typically require the surface to fall within a narrow 
tolerance of design grade across the full width of the roadway. Some specifications are 
tighter than others, particularly for projects with thin pavement sections where subgrade 
elevation variability has a larger effect on the finished pavement profile. The surveyor 
performing the final grade check must document the results in a format that satisfies the 
project quality control requirements. 

Site Grading and Pad Staking 
On site development projects, the earthwork is typically organized around a grading plan 
rather than a linear alignment. The grading plan specifies finished surface elevations 
across the project site, usually expressed as a grid of spot elevations and finish contours. 
The surveyor's task is to stake the site in a way that guides the contractor to the correct 
finished grades at all critical locations. 

Pad staking is the process of establishing the finish elevation of a building pad, which is 
the prepared earthen platform on which a structure will be founded. The finish pad 
elevation is critical because it affects the finished floor elevation of the building, the 
drainage around the structure, and the relationship of the structure to adjacent roads, 
parking areas, and utilities. Errors in pad elevation are costly to correct after the slab is 
poured. 

Pad stakes are typically set at the corners of the building footprint and at intermediate 
points along the perimeter, with the top of each stake set at the design finish pad elevation 
or at a defined offset above it. The offset approach is common because driving a stake to 
exact grade on a rough graded surface is difficult. A stake set at exactly 1.00 foot above 
finish grade, for example, allows the contractor to use a story pole or a direct 
measurement to check and adjust the pad surface. 

In addition to pad stakes, the surveyor on a site grading project sets stakes for parking 
lot grades, drainage swales, detention pond contours, and other graded features shown 
on the grading plan. Each of these elements has its own tolerances and its own 
consequences for incorrect grade, and the surveyor must be familiar with the design intent 
for each feature to stake it appropriately. 

Borrow and Waste 
Earthwork projects rarely have a perfect balance between the volume of material cut from 
high areas and the volume needed to fill low areas. When there is more cut than fill, the 
excess material must be hauled off the project to a disposal site called a waste area. 
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When there is more fill than cut, additional material must be imported from an off-site 
source called a borrow pit or borrow area. 

The construction surveyor is often involved in measuring volumes at borrow and waste 
areas to support payment computations. Borrow volumes are typically measured by 
cross-sectioning the borrow area before and after removal and computing the volume of 
material extracted. Waste volumes are measured similarly, by cross-sectioning the waste 
area before and after placement. 

The accuracy of borrow and waste volume measurements depends on the quality of the 
cross-sectioning work and on the station intervals used. Closer station intervals produce 
more accurate volume estimates but require more field time. The appropriate interval is a 
matter of professional judgment, taking into account the variability of the terrain, the 
significance of the volume to the payment computation, and the contract specifications. 

Mass Haul Analysis 
Mass haul analysis is the process of optimizing the distribution of cut and fill material 
across a project to minimize the total haul distance and cost. It is primarily a design and 
project management tool rather than a surveying task, but the construction surveyor 
contributes to it by providing accurate cross-section data from which the mass diagram is 
constructed. 

The mass diagram is a graphical representation of the cumulative earthwork quantities 
along the project. It shows the running total of cut and fill volume as a function of station, 
with cut adding to the total and fill subtracting from it. Points where the diagram crosses 
the zero line represent balance points, where the cumulative cut equals the cumulative 
fill up to that station. The shape of the mass diagram tells the project team where material 
must be hauled from and to, and over what distances. 

While the construction surveyor is not typically responsible for preparing the mass haul 
analysis, understanding its principles helps the surveyor communicate effectively with the 
project team and anticipate the earthwork sequencing decisions that will affect the staking 
schedule. 

Three Dimensional Surface Models 
Modern earthwork practice increasingly relies on three-dimensional surface models 
rather than cross-sections alone for quantity computation and grade control. A surface 
model represents the existing or design terrain as a continuous mathematical surface, 
typically constructed from a triangulated irregular network (TIN) of survey points. The TIN 
connects the survey points with triangular facets and interpolates elevations across the 
surface. 
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Earthwork volumes computed from surface models are generally more accurate than 
those computed from the average end area method because they account for the full 
three-dimensional shape of the terrain between cross-sections. The difference is most 
significant in areas of complex terrain or rapidly changing section geometry, where the 
average end area method tends to overestimate volumes. 

Surface models also serve as the data source for machine control systems, in which 
construction equipment is guided directly by the design surface model without the need 
for conventional staking. As noted in Section 2, machine control does not eliminate the 
need for survey control or professional oversight, but it does change the nature of the 
construction surveyor's field work. On a machine control project, the surveyor's primary 
tasks during earthwork are maintaining the control network, verifying the accuracy of the 
machine control system, and performing quality control checks on the graded surface. 

Quality control for graded surfaces on machine control projects is typically performed by 
collecting a grid of GNSS shots across the finished surface and comparing the shot 
elevations to the design surface. Deviations outside the specified tolerance are flagged 
for correction. The surveyor documents the results and provides a summary to the project 
engineer for inclusion in the project quality record. 
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Section 6 — Structures and Utilities 
Construction surveying for structures and underground utilities demands a higher level of 
precision than earthwork staking and a deeper understanding of the consequences of 
positional error. A slope stake set a few tenths of a foot from its correct location has limited 
practical consequence. A foundation stake set a few tenths of a foot from its correct 
location may result in a structural element that conflicts with adjacent work, fails to meet 
code clearances, or requires demolition and reconstruction. The tolerances are tighter, 
the stakes are higher, and the preparation required before going to the field is more 
extensive. 

This section addresses the surveying methods and documentation practices used for two 
broad categories of construction work: structures, which include bridges, retaining walls, 
culverts, and building foundations; and underground utilities, which include storm 
drainage, sanitary sewer, water main, and similar buried systems. While the specific 
methods vary by structure type, the underlying principles of precise control, careful 
computation, and thorough documentation apply across all of them. 

Structure Surveying: General Principles 
Structure surveying begins in the office, not the field. Before a single stake is set for a 
bridge abutment or a retaining wall footing, the surveyor must study the plan sheets 
thoroughly, understand the geometry of the structure, and verify that the design 
coordinates and elevations are internally consistent. Plan sheet errors, though they are 
the engineer's responsibility to correct, are the surveyor's problem to catch before they 
become field problems. 

The plan review process should include a check of all key coordinates and elevations 
against the design geometry. For a bridge, this means verifying that the abutment and 
pier locations are consistent with the horizontal alignment, that the bearing seat elevations 
are consistent with the vertical profile and the superstructure geometry, and that the skew 
angle of the structure is correctly reflected in the layout coordinates. For a retaining wall, 
it means verifying that the wall alignment, the footing elevation, and the batter angle are 
all consistent with each other and with the adjacent grading design. 

Once the plan review is complete and any discrepancies are resolved, the surveyor 
prepares a staking plan that identifies which control points will be used to stake each 
element of the structure, what the staking sequence will be, and what checks will be 
performed to verify accuracy. This preparation is not optional — structure staking without 
a clear plan is an invitation to error. 
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Bridge Layout 
Bridge layout is among the most demanding tasks in construction surveying. A bridge is 
a complex three-dimensional structure in which horizontal position, vertical elevation, and 
angular orientation must all be controlled simultaneously. Errors in any one dimension 
can affect the function or safety of the finished structure. 

The key layout elements for a typical bridge include the centerline of the roadway 
alignment, the centerline of the bridge, the abutment lines, the pier lines, and the bearing 
seat locations. On a skewed bridge, where the bridge crosses an obstacle at an angle 
rather than perpendicularly, the geometry of these elements is more complex and requires 
careful attention to the skew angle in all computations. 

Abutment layout begins with establishing the abutment line, which is the line 
perpendicular to the bridge centerline at the face of the abutment. The intersection of the 
abutment line with the bridge centerline defines the abutment centerline point, from which 
the wing wall lines and footing limits are laid out. Each of these elements must be staked 
with sufficient precision to support the formwork placement that follows. 

Bearing seats are the surfaces on which the bridge superstructure bears, and their 
elevation is one of the most critical dimensions in bridge layout. The bearing seat 
elevation must account for the design vertical profile of the roadway, the depth of the 
superstructure, the thickness of the bearing pad, and any camber built into the girders. 
An error in bearing seat elevation that is not corrected before the abutment concrete is 
poured may require shimming, grinding, or reconstruction of the bearing area, all of which 
are expensive and time-consuming remedies. 

Pier layout on multi-span bridges requires the same level of care as abutment layout, with 
the additional complication that piers are often located in or near water, on steep slopes, 
or in other conditions that make instrument access difficult. In these situations, the 
surveyor must plan carefully for how the pier location will be established and how it will 
be verified independently. 

Layout verification is a non-negotiable step in structure surveying. After stakes or marks 
are set for any structural element, the surveyor should perform an independent check 
using a different instrument setup, a different control point, or a different computational 
approach. A check that confirms the staked positions within tolerance provides confidence 
that the work is correct. A check that reveals a discrepancy provides an opportunity to 
identify and correct an error before concrete is poured or steel is placed. 

Culvert Layout 
Culverts are among the most common structure types encountered in construction 
surveying, and while they are simpler than bridges, they require the same attention to 
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both horizontal position and vertical elevation. A culvert that is positioned incorrectly in 
plan may conflict with the roadway drainage pattern, create a hydraulic restriction, or 
interfere with adjacent utilities. A culvert that is set at the wrong invert elevation will not 
drain properly and may cause flooding or erosion. 

Culvert layout typically begins with staking the inlet and outlet invert elevations and the 
centerline of the pipe. The inlet invert elevation controls the drainage grade upstream, 
and the outlet invert elevation controls the drainage grade downstream, as noted in 
Section 5. Both must be set accurately to achieve the design hydraulic performance. 

The horizontal position of the culvert is defined by its station on the road alignment and 
its skew angle, which is the angle between the culvert centerline and the road centerline. 
On projects where the culvert crosses the road at a significant skew, the layout requires 
computing the inlet and outlet centerline positions separately, since they will not be 
equidistant from the road centerline along the culvert axis. 

Headwall and wingwall layout follows the culvert centerline staking and requires 
establishing the face of the headwall, the wingwall lines, and the footing limits. These 
elements are staked at the precision required for concrete formwork, which is typically 
tighter than earthwork staking tolerances. 

Retaining Wall Layout 
Retaining walls are used to hold back earth where grade changes cannot be 
accommodated by natural slopes. Their layout involves establishing the wall alignment, 
the footing location, and the top of wall elevation, all of which must be consistent with 
each other and with the adjacent grading design. 

Wall alignment is typically defined by the design plans as a horizontal line with defined 
geometry, which may be a straight line, a curved alignment, or a combination. The 
surveyor stakes the wall alignment at the face of wall, which is the finished visible surface, 
and at the back of footing, which defines the limit of the footing excavation. On walls with 
a batter, which is a slight inward lean of the wall face, the relationship between the face 
of wall at the top and the face of wall at the base must be computed and staked correctly. 

The top of wall elevation is typically set by the design to provide a defined clearance 
above the adjacent finished grade. This elevation must account for any coping or cap 
element on top of the structural wall section. Errors in top of wall elevation that result in 
insufficient clearance above grade may create drainage problems or violate the design 
intent. 

Foundation Layout 
Building foundation layout is the process of establishing the horizontal position and 
vertical elevation of the structural foundation elements that will support a building. These 
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may include continuous footings along perimeter walls, isolated spread footings under 
columns, or deep foundation elements such as drilled piers or driven piles. 

Foundation layout begins with establishing the building control lines, which are offset lines 
parallel to the principal axes of the building from which all foundation elements can be 
measured. Control lines are set outside the building footprint so they will not be disturbed 
by foundation excavation. They are marked on stakes, batter boards, or other durable 
references and are used throughout the foundation phase as the primary horizontal 
reference. 

Column footing layout requires setting the center of each footing in both plan dimensions. 
The accuracy required for footing centers depends on the structural system. A footing 
center that is off by a few tenths of a foot may cause the column to bear eccentrically on 
the footing, affecting load distribution and potentially requiring structural modification. 
Tolerances for footing layout are typically specified in the structural drawings and must be 
met, not approximated. 

Anchor bolt layout is among the most precision-sensitive tasks in building construction 
surveying. Anchor bolts are cast into the concrete footing and must align with the bolt hole 
pattern in the base plate of the steel column. If the bolts are mislocated, the base plate 
will not fit, and the column cannot be erected without field modification of either the bolts 
or the plate. Anchor bolt templates, which are fabricated steel frames that hold the bolts 
in their correct relative positions during concrete placement, are used to improve the 
accuracy and repeatability of anchor bolt layout. 

Underground Utility Staking 
Underground utility staking shares the alignment-and-grade framework of road staking 
but applies it to a buried system that must be installed correctly before it is covered and 
becomes inaccessible. The consequences of errors in utility staking are compounded by 
the fact that the work is hidden once backfilled, and defects may not manifest until the 
system is tested or placed in service. 

The primary design information for a gravity utility system is the pipe alignment, the pipe 
invert elevations at each manhole or structure, and the design slope of each pipe segment 
between structures. These parameters are derived from the design drawings and are the 
basis for all staking computations. 

Utility staking for a gravity system begins with locating the manholes and other structures 
in both horizontal position and vertical elevation. Manhole locations are typically defined 
by station and offset on the road alignment, or by coordinates on a site plan. The invert 
elevation of each pipe entering or leaving the manhole is specified on the design plans, 
and these elevations must be communicated to the contractor in the staking notes. 
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Offset stakes for pipe alignment are set at intervals along each pipe segment, with cut 
distances provided from the top of the offset stake to the pipe invert at each station. The 
contractor uses these stakes to set the laser or grade reference used during pipe 
installation. The accuracy of pipe grade depends on the accuracy of the offset stakes, the 
precision of the cut distances, and the care taken by the pipe laying crew in following the 
grade reference. 

Pipe material and diameter affect the relationship between the invert elevation and the 
outside dimensions of the pipe, which in turn affects the depth of trench required. The 
surveyor staking pipe grades must use the correct pipe dimensions when computing 
trench depths and must verify that the specified cover over the pipe is achievable given 
the design invert and the existing or design ground surface above. 

Pressure Utility Systems 
Pressure systems, including water main and force mains, do not rely on gravity flow and 
therefore do not have the same grade sensitivity as gravity systems. However, they still 
require accurate horizontal staking to ensure that the pipe is installed in its correct location 
relative to the roadway, property lines, and other utilities. 

Horizontal staking for pressure mains follows the same offset staking principles used for 
road alignment. The pipe alignment is defined by the design plans, and offset stakes are 
set at intervals along the alignment with the offset distance and direction marked on each 
stake. At valves, fittings, and connection points, more precise staking is required to ensure 
that the fittings are in the correct position for connection to adjacent systems or structures. 

Depth of cover is a critical parameter for pressure mains, driven by the need to protect 
the pipe from traffic loads, frost penetration, and mechanical damage. The design 
drawings specify the minimum cover required, and the surveyor must verify that the 
design depth is achievable at all points along the alignment given the existing ground 
surface and the design pipe profile. 

Conflict identification is an important part of utility staking on projects with multiple utility 
systems. Before staking any individual system, the surveyor should review the design 
plans to identify locations where the proposed pipe conflicts with existing utilities or with 
other proposed utilities on the same project. Conflicts that are identified before 
construction can often be resolved by design adjustment. Conflicts that are discovered 
during construction after one system has already been installed are much more expensive 
to address. 

Documentation for Structures and Utilities 
Documentation requirements for structure and utility work are more rigorous than for 
earthwork, reflecting the greater precision required and the long-term significance of the 
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as-built record. Staking notes for structure work should include the computed and 
measured positions of all staked elements, the control points used, the instrument setup 
data, and the results of any independent checks performed. 

For underground utilities, the documentation should include the station and offset of each 
stake, the cut distance from the stake to the design invert, the design invert elevation, 
and the pipe slope for each segment. This information becomes the basis for the as-built 
survey described in Section 7, and it must be accurate and complete enough to support 
that work. 

Field notes for structure and utility staking should be maintained in a bound field book or 
in a digital field note system that preserves a permanent record. Notes should be legible, 
organized by date and project, and retained as part of the project record. In the event of 
a dispute over the accuracy of the staking or the quality of the constructed work, the field 
notes may be the most important document available to the licensed professional. 
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Section 7 — As-Built Surveying and Project Closeout 
As-built surveying is the process of documenting the actual constructed positions and 
elevations of project features after construction is complete. It is the final act of the 
construction surveyor on a project, and it serves a fundamentally different purpose than 
the staking work that precedes it. Where staking is prescriptive, telling the contractor 
where things should go, as-built surveying is descriptive, recording where things actually 
ended up. The distinction matters because the as-built record becomes part of the 
permanent project documentation and may be referenced for decades by engineers, 
contractors, utility locators, and property owners who need to know what is in the ground 
and where it is. 

The importance of accurate as-built documentation is difficult to overstate. Buried utilities 
that are incorrectly documented create hazards for future excavation work. Structures 
whose as-built positions deviate significantly from design may require evaluation by the 
engineer of record before the project can be accepted. Roads and drainage systems that 
do not conform to design grades may perform poorly and generate maintenance problems 
that are difficult to diagnose without an accurate record of what was built. In each of these 
cases, the as-built survey is the authoritative source of information about the constructed 
condition, and its accuracy directly affects how well the project performs and how safely 
it can be modified or extended in the future. 

Purpose and Scope of As-Built Surveys 
The scope of an as-built survey is defined by the project requirements, which are typically 
stated in the contract documents. Some contracts call for a comprehensive as-built survey 
covering all constructed features. Others limit the as-built requirements to specific 
elements such as underground utilities, structures, or pavement grades. The surveyor 
should clarify the scope of the as-built requirement before work begins and should not 
assume that the scope is self-evident from the project type. 

At a minimum, most as-built surveys for linear infrastructure projects include the 
horizontal position and vertical elevation of all underground utility installations, the 
locations of all structures including manholes, inlets, and culverts, and the finished grade 
elevations at key points along the roadway profile. Site development projects typically 
require as-built documentation of building pad elevations, finished parking lot grades, 
drainage structure locations and elevations, and utility connections. 

Bridge and structure as-built surveys are more comprehensive and more demanding. 
They typically include the as-built positions of abutments and piers, bearing seat 
elevations, finished deck grades, and the locations of any structural elements that deviate 
significantly from the design. These surveys may also be required to document the 
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geometry of the structure under load, which means taking measurements after the 
permanent dead load is in place rather than during construction. 

Timing of As-Built Work 
The timing of as-built measurements is a critical practical consideration. For underground 
utilities, the only opportunity to accurately document the as-built position and invert 
elevation of a pipe is before it is backfilled. Once the trench is closed, the pipe is 
inaccessible, and its position can only be estimated by locating methods that are 
inherently less accurate than direct measurement. 

This means that as-built measurements for buried utilities must be collected continuously 
during construction, not after the project is complete. A surveyor who plans to measure 
as-built pipe locations after backfilling is planning to produce an inaccurate record. The 
correct practice is to measure each pipe segment after it is installed and bedded but 
before the trench is backfilled, recording the horizontal position and invert elevation of 
each joint or at defined intervals along the pipe. 

For surface features such as finished grades, pavement edges, and structure locations, 
as-built measurements can be collected after construction is complete. However, 
collecting these measurements promptly after construction reduces the risk that 
temporary marks or reference points will be lost before the survey is performed. On 
projects with multiple construction phases, it is good practice to perform as-built surveys 
at the completion of each phase rather than waiting until the entire project is finished. 

Data Collection Methods 
As-built surveys use the same instrumentation as construction staking, but the workflow 
is reversed. Instead of computing a design position and measuring to it, the surveyor 
measures the actual position of constructed features and records the results. 

Total station methods are well suited to as-built work in areas where the project control 
network is still intact and accessible. The surveyor occupies a control point, backsights to 
a second control point, and then collects shots on the as-built features using the 
reflectorless distance measurement capability of the instrument or a prism held on the 
feature. The collected points are stored in the data collector and downloaded to office 
software for comparison against the design. 

GNSS methods are effective for as-built work on open sites where satellite visibility is 
unobstructed. RTK GNSS allows the surveyor to collect large numbers of points quickly 
across an open site, which is advantageous for documenting finished grades over a large 
area. The limitations of GNSS in obstructed environments apply equally to as-built work, 
and the surveyor must use total station methods or other approaches in areas where 
satellite visibility is inadequate. 
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For underground utilities, a combination of direct measurement and pipe locating methods 
is sometimes used. Direct measurement at exposed joints before backfilling provides the 
most accurate record of pipe position. In cases where direct measurement was not 
performed during construction, electronic pipe locating equipment can be used to trace 
the approximate position of metallic or tracer-wire-equipped pipes after backfilling. 
However, the accuracy of electronic locating is significantly less than direct measurement, 
and an as-built record based on locating data should be clearly identified as such. 

Comparing As-Built to Design 
The core analytical task in as-built surveying is comparing the as-built positions and 
elevations of constructed features to the design values shown on the plan sheets. This 
comparison identifies deviations from design, which must then be evaluated to determine 
whether they are within acceptable tolerances or whether they represent deficiencies 
requiring remediation. 

Tolerance criteria for as-built comparisons vary by feature type and are typically specified 
in the contract documents or in the applicable design standards. General construction 
work is usually held to a looser tolerance than structures, bearing seats, anchor bolts, 
and other precision elements, which demand a considerably tighter standard. The 
surveyor performing the as-built comparison must apply the correct tolerance for each 
feature type and must not apply a single universal tolerance across all elements. 

When a deviation outside the specified tolerance is identified, the surveyor must 
document it clearly and report it to the engineer of record. The report should describe the 
location of the deviation, the magnitude of the discrepancy in both horizontal and vertical 
dimensions, and the as-built value compared to the design value. The engineer of record 
is responsible for evaluating the deviation and determining whether it requires correction, 
whether it is acceptable with a design modification, or whether it requires a formal as-built 
deviation record. 

The surveyor should not make independent determinations about whether a deviation is 
structurally or functionally significant. That evaluation belongs to the engineer. The 
surveyor's role is to measure and document accurately and to communicate the results 
clearly. 

As-Built Drawings 
The primary deliverable of an as-built survey is typically a set of as-built drawings, which 
are modified versions of the original design plan sheets that show the as-built conditions 
in place of or in addition to the design conditions. As-built drawings are prepared by the 
contractor in most contract frameworks, with the survey data provided by the licensed 
surveyor as the basis for the revisions. 
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The format and content of as-built drawings vary by project type and by the requirements 
of the owner or contracting agency. For underground utilities, as-built drawings typically 
show the horizontal alignment of the pipe, the station and offset of each manhole or 
structure, the invert elevations at each structure, and any significant deviations from the 
design alignment or grade. For roadway projects, as-built drawings typically show the 
finished centerline profile, the locations of drainage structures, and any changes to the 
design that occurred during construction. 

The surveyor responsible for the as-built data should review the as-built drawings 
prepared from that data to verify that the survey information has been correctly 
incorporated. Errors in transcription from the survey data to the drawings, though they are 
the drafter's responsibility to avoid, are the surveyor's responsibility to catch before the 
drawings are submitted. An as-built drawing that does not accurately reflect the survey 
data is worse than no drawing at all, because it creates a false record that may mislead 
future users. 

Electronic Data Deliverables 
In addition to or in place of paper drawings, many project owners now require electronic 
deliverables as part of the as-built package. These may include coordinate files of all as-
built points, surface models of the finished grade, or digital versions of the as-built 
drawings in a format compatible with the owner's geographic information system (GIS) or 
asset management system. 

Electronic deliverables require the same level of accuracy and completeness as paper 
deliverables, and they introduce additional quality control requirements related to data 
format, coordinate system, and file organization. The surveyor preparing electronic as-
built data should verify that the coordinate system used is consistent with the owner's 
requirements, that all points are correctly attributed with feature type and elevation, and 
that the data is organized in a way that allows the owner to import and use it without 
significant processing. 

GIS integration is an increasingly common requirement for public infrastructure projects. 
Utility systems, in particular, are often required to be delivered in a GIS-compatible format 
so that the data can be incorporated into the owner's utility atlas or asset management 
database. Meeting this requirement may involve working with the owner's GIS staff to 
understand the required data schema and attribute fields, and it may require the surveyor 
to collect additional attribute data in the field beyond what would be needed for a 
conventional as-built survey. 

Professional Responsibilities at Closeout 
The completion of an as-built survey does not necessarily mark the end of the licensed 
professional's involvement with a project. On projects where the surveyor served as the 
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surveyor of record throughout construction, the closeout phase may include reviewing 
and signing the as-built drawings, certifying that the survey work was performed in 
accordance with professional standards, and providing a formal written statement of the 
as-built conditions for projects requiring regulatory compliance documentation. 

The decision to sign and seal as-built drawings carries professional responsibility. A 
licensed surveyor who seals a set of as-built drawings is representing that the survey 
work reflected in those drawings was performed under their responsible charge and 
meets the applicable professional standards. This representation should not be made 
lightly, and the surveyor should satisfy themselves that the data underlying the drawings 
is accurate and complete before affixing their seal. 

On projects where the as-built survey reveals significant deviations from design, or where 
conditions encountered during construction differed materially from what the design 
assumed, the surveyor may be called upon to provide a formal written report describing 
the as-built conditions and their implications. This report becomes part of the project 
record and may be referenced in future design or construction work on the same facility. 

Record Keeping and Retention 
The field notes, computations, data collector files, and other records generated during a 
construction survey project constitute the raw documentation from which the as-built 
record is derived. These records should be organized, labeled, and retained in 
accordance with the professional's record retention policy and any applicable regulatory 
requirements. 

Field notes should be legible and complete enough that another licensed professional 
could review them and understand what was measured, when it was measured, what 
instrument was used, and what control points were referenced. Data collector files should 
be backed up and archived in a format that can be read without specialized software if 
the need arises years in the future. Computation files should be labeled with the project 
name, date, and a description of the computation performed. 

The retention period for construction survey records varies by jurisdiction and by contract 
requirement, but a minimum retention period of several years after project completion is 
standard practice for most project types. For projects involving public infrastructure, 
longer retention periods are common, and some records may need to be retained 
indefinitely as part of the public record of the facility. 

The licensed professional is ultimately responsible for the completeness and integrity of 
the project records maintained under their responsible charge. Incomplete or poorly 
organized records are a professional liability in the event of a dispute, a design revision, 
or a regulatory inquiry. The investment of time required to maintain good records 
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throughout the project is small compared to the cost of reconstructing or defending 
inadequate ones. 
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Section 8 — Closing Summary 
Construction surveying is a discipline that demands technical precision, professional 
judgment, and practical adaptability in equal measure. The seven sections of this course 
have traced the arc of a construction project from the establishment of project control 
through the delivery of the as-built record, covering the core methods and principles that 
a licensed professional must command to perform this work reliably. 

The foundation of all construction survey work is the project control network. Horizontal 
and vertical control that is established correctly, protected diligently, and checked 
regularly provides the framework from which all subsequent field work is derived. Control 
errors are systemic, meaning they affect every measurement made from a bad control 
point, and they are often difficult to detect until significant construction has already 
proceeded on a flawed basis. The time invested in establishing a robust control network 
at the outset of a project, and in maintaining it throughout, is among the highest-value 
activities a construction surveyor performs. 

Horizontal alignment staking translates the geometry of the design alignment into physical 
marks on the ground that the contractor can follow. Whether the alignment consists of 
simple tangent sections, circular curves, or spiral transitions, the surveyor must 
understand the underlying geometry well enough to compute stake positions correctly, 
set them accurately in the field, and verify them independently before construction 
proceeds. Offset staking, cut sheet preparation, and the documentation of staked 
positions are not administrative details. They are core professional responsibilities that 
protect both the contractor and the licensed professional when questions arise about the 
accuracy of the work. 

Vertical control and grade work are in many respects the more demanding dimension of 
construction surveying. The methods of differential leveling, benchmark establishment, 
grade rod computation, and slope staking covered in this course are well established and 
widely practiced, but their correct application requires attention to the sources of error 
that operate in a construction environment: instrument disturbance from equipment 
vibration, refraction over hot surfaces, rod plumb errors, and the movement of temporary 
benchmarks over time. The surveyor who understands these error sources and adopts 
field practices that mitigate them produces more reliable results than one who applies the 
procedures mechanically without understanding why they are designed as they are. 

Earthwork surveying connects the theoretical cross-section geometry of the design to the 
physical reality of the graded surface. Slope staking, subgrade preparation, and site 
grading each require the surveyor to work iteratively, adjusting stake positions in response 
to actual ground conditions rather than simply computing from the plan. The ability to 
perform this iterative field work efficiently, while maintaining the documentation necessary 
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to support quantity computations and project records, is a mark of an experienced 
construction surveyor. 

Structure and utility staking represents the precision end of the construction survey 
spectrum. The tolerances are tighter, the plan review requirements are more rigorous, 
and the consequences of undetected error are more severe than in earthwork operations. 
The principles of thorough office preparation, independent field verification, and complete 
documentation apply to all construction survey work, but they are most critical in structure 
and utility work where the margin for error is smallest. A licensed professional who 
approaches structure staking with the same casualness appropriate for rough earthwork 
is taking a risk that their professional judgment should not permit. 

As-built surveying closes the loop between design intent and constructed reality. It is the 
record that future engineers, contractors, and facility operators will rely on when they need 
to understand what was built and where. The accuracy of that record depends on the 
timing of the measurements, particularly for underground utilities that must be 
documented before backfilling, the rigor of the comparison between as-built and design 
values, and the completeness of the electronic and paper deliverables provided at project 
closeout. A construction surveyor who treats as-built work as a formality to be completed 
quickly at the end of a project is producing a record that may mislead rather than inform. 

Several themes have recurred throughout this course that are worth drawing together 
explicitly. The first is the inseparability of field work and office work. Construction 
surveying is not a field discipline with administrative overhead. It is an integrated practice 
in which the quality of the office preparation determines the quality of the field work, and 
in which the field observations must be processed and documented with the same care 
used in collecting them. The surveyor who rushes the office work to get to the field, or 
who defers documentation to catch up later, is compromising the integrity of the product. 

The second recurring theme is the importance of independent verification. At every stage 
of construction surveying, from control network establishment through as-built 
comparison, the principle of checking one's own work through an independent means is 
both a quality control practice and a professional obligation. Errors in construction 
surveying have real consequences for real projects, and the discipline's standard of care 
requires that the licensed professional take reasonable steps to detect those errors before 
they propagate into the constructed work. 

The third theme is professional judgment. This course has discussed methods and 
principles, but methods and principles do not make decisions. The licensed professional 
makes decisions, drawing on technical knowledge, field experience, and an 
understanding of the project context to determine the appropriate instrument, the 
appropriate tolerance, the appropriate station interval, and the appropriate response 
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when the ground does not match the design. Professional judgment is what distinguishes 
a licensed professional from a technician who follows procedures, and it is the quality that 
clients, contractors, and project teams ultimately rely on when they put construction 
control in the hands of a surveyor of record. 

Construction surveying is demanding work that rewards preparation, precision, and 
professionalism. The licensed professional who approaches it with those qualities 
consistently delivers value that is visible in every finished project they support. 
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Section 9 — Review Questions 
The following ten questions are based on the material presented in this course. Each 
question has four answer choices. The correct answer is identified and referenced to the 
section of the course where the supporting content appears. 

Question 1 

What is the term for the ratio between a ground distance and its corresponding grid 
distance when working in a state plane coordinate system? 

A. Traverse closure ratio 

B. Combined scale factor 
C. Geoid undulation 
D. Prismoidal correction 

Question 2 

What is the deflection angle to any point on a circular curve when using the deflection 
angle staking method? 

A. Equal to the full central angle subtended from the PC to that point 
B. Equal to the intersection angle at the PI divided by the curve radius 

C. Equal to one half the central angle subtended from the PC to that point 
D. Equal to the tangent length divided by the curve radius 

Question 3 

In construction surveying terminology, what does the term cut mean when written on a 
grade stake? 

A. The existing surface is below design grade and material must be added 
B. The existing surface is above design grade and material must be removed 

C. The stake has been set at exactly the design grade elevation 
D. The distance from the stake to the nearest project benchmark 
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Question 4 

What is the term for the point on the existing ground surface where the proposed cut or 
fill slope meets the natural terrain? 

A. Ditch flowline 
B. Subgrade stake 
C. Slope stake 

D. Blue top 

Question 5 

What is the primary reason that as-built measurements for buried utilities must be 
collected before the trench is backfilled? 

A. Electronic locating equipment cannot detect non-metallic pipes after backfilling 

B. The project control network is typically removed before backfilling begins 
C. Once the trench is closed, the pipe is inaccessible and its position can only be 
estimated by locating methods that are inherently less accurate than direct 
measurement 
D. Contract documents universally prohibit as-built surveys after backfilling is 
complete 

Question 6 

What is the term for the inside bottom of a pipe, which is the controlling elevation for flow 
grade in a gravity utility system? 

A. Crown elevation 

B. Invert elevation 
C. Flowline offset 
D. Hydraulic grade 

Question 7 

Which traverse adjustment method distributes closure error in proportion to the length of 
each traverse leg? 

A. Least squares adjustment 
B. Transit rule adjustment 
C. Compass rule adjustment 
D. Prismoidal rule adjustment 
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Question 8 

What is the term for a triangulated irregular network of survey points used to represent 
existing or design terrain as a continuous mathematical surface in modern earthwork 
practice? 

A. Mass diagram 
B. End area model 
C. TIN surface model 
D. Cross-section grid 

Question 9 

What is the standard method for transferring grade into a deep excavation where surface 
benchmarks are not visible from the bottom of the excavation? 

A. Running a differential level circuit from the nearest project benchmark to the 
excavation floor 
B. Using a story pole of known length in combination with the instrument setup at the 
surface 
C. Applying a GNSS receiver at the bottom of the excavation to determine the 
ellipsoidal height 
D. Setting a temporary benchmark at the top of the excavation wall and leveling 
down from it 

Question 10 

What does a licensed surveyor represent when signing and sealing a set of as-built 
drawings? 

A. That all constructed features are within the tolerances specified in the contract 
documents 
B. That the survey work reflected in those drawings was performed under their 
responsible charge and meets the applicable professional standards 
C. That the contractor has completed all punch list items and the project is ready for 
owner acceptance 

D. That the as-built positions of all features are identical to the design positions 
shown on the original plan sheets 
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