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Basic Roadway Plan Preparation
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Course Content

Introduction

This course provides instruction in the preparation of the general content and purpose of
each sheet in a typical set of infrastructure plans that could represent a bike path, street,
parking or utility improvement.

In this 5-hour on-line course, a generic format of each type of sheet explains the use of
the sheet by various disciplines within the design teams, and suggests the expectations
that a construction team might have for each sheet.

The goal of this course is to provide the student with an understanding of the usage and
the reasoning that supports the variety of sheets in a typical set of contract plans. This
understanding can provide the student with the basis for discussions with the client as
well as with the other design team members on each assignment.

After completing this course, students will be familiar with:

 Setting up the Index Sheet in a manner that will avoid rework later in the project

* Typical information provided on the General Notes Sheet

* How to execute a project so the Summary of Quantities Sheet is done only once

* Structuring the Schedule of Quantities Sheet to minimize discrepancies with
individual discipline sheets

* Typical information shown on the Typical Section Sheet and how to avoid time-
consuming rework

* The steps associated with the development of Alignment and Ties Sheets, including
field survey techniques employed and their design accuracies

* Methods for establishing benchmarks

» How Construction Traffic Control, Construction Sequencing, Detour Plan and
Construction Access Sheets can minimize the impact of a project on local traffic and
reduce potential project delays arising from construction-access issues

* Typical information provided on the Profile, Drainage and Utility Relocation Sheets

» How changes in elevation at the project boundaries illustrated on the Grading Sheet
can be used to mitigate potential issues in the areas adjacent to the construction site

* How sections are typically "cut" on the Cross Section Sheet and how the information
normally depicted on this drawing has evolved over the years

 Saving time and avoiding revisions when preparing a Construction Detail Sheet

* How a construction project can cause sediment and erosion issues and how

© Jack Schmitt Page 20f 69




www.PDHcenter.com PDH Course C233 www.PDHonline.org

sediment/erosion control is depicted in the project plans

» How seasonal landscaping restrictions can jeopardize a project completion schedule

* Regulatory requirements that impact the placement of pavement markings and signing
at the conclusion of the project

This course is a "cookbook" for setting up the content and format of deliverables on the
front end of a project. Any engineer involved in preparing infrastructure/roadway plans
will benefit from the lessons learned by the course author, whose career has spanned
three decades and included hundreds of sets of contract documents.

The intent is to reduce the expenditure of budget on false starts. The knowledge gained
from the course can provide specific direction to the various disciplines involved. This
knowledge can also help prepare questions for the client from a proactive position. The
end result of this information is intended to be a savings in both time and labor spent on
corrections or revisions, and can also reduce construction change orders.

This course provides valuable project execution tips that can save your project cost and

schedule. Several low-cost activities on the front end of a project are covered that will
prevent costly last minute changes.
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The Cover or Title Sheet

Most projects use a Title or Cover Sheet for identification purposes. For some
jurisdictions or clients, a set of contract documents may be abbreviated to the degree
that an official Title Sheet or Cover Sheet is not used. It is entirely possible for most of
the information that might be contained on a formal Title or Cover Sheet will be
included somewhere in the plans or contract documents. For the remainder of this text,
the term “Title” will mean the Title and the Cover Sheet, as well as the “Lead” Sheet,
“Sheet One” or any number of individualized terms in use by various agencies to
identify the first or initial identification page of a set of construction plans.

The Title Sheet contains various labels, identifiers and information that will be useful
to the agency funding the project, the contractor constructing the project and future
designers looking for reference data that may help on other projects. The Title Sheet
usually indicates a number of unique aspects of the project, including: the official name
of the project; identification of the type of work to be performed and the funding
program or source of money that is being drawn upon; a map or sketch showing the
relationship of the project to the regional and local street network; an indication of the
length of, or the area of the project; the name of the responsible agencies or design
professionals involved in the preparation and administration of the project, and, in some
instances, the Title Sheet may serve as a display area for such elements as the Index of
Sheets or Plan Content, General Notes, public and private utility contacts, scales of the

various drawings, and the delineation of labor union and permitting jurisdictions.

The Project Title

The name of a project typically begins in the early planning stages, with the
establishment of initial funding for studies or preliminary engineering. On rare
occasions, as a project evolves, the nature of the final improvement may not exactly
match the name of the project. For instance, a street-scape project may be determined to
require pavement patching and then ultimately become a complete pavement

reconstruction, but in order to monitor the status of the project by any of a number of
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interested individuals within the funding agency, the original name of the project will
remain constant. For another example, a project may begin as a roadway-resurfacing
endeavor with an add-lane condition at an intersection. By the time that preliminary
studies are complete, the project may have grown into one that includes a bridge
replacement, a segment of complete pavement reconstruction and traffic signal
modifications. It may not always serve the best interests of the funding entity to change
the name of the project as additional work becomes necessary. The additional work
could exceed the initial estimates for the project, which in turn could result in a formal
name change as additional funding sources are applied. In some jurisdictions, the
original project title or number or description remains from start to finish of the entire
engineering process from preliminary or conceptual design, to final contract document
preparation. Over time, based on funding constraints, the project might actually be
divided into component parts. In such a case, each component would represent a
particular specialty, such as roadway reconstruction, bridge replacement and traffic
signal modifications. Each component could then become a separate set of plans, or the
various components might become a sub-stage of the original resurfacing project, linked
by completion dates to ensure a seamless progression of work.

Typically, a multi-disciplined project will involve various staff members
representing individual specialties. The project could be re-named or categorized
internally within the design firm, using a label understood by the firm’s managing
department. This process often results in the placement of a project name on an
individual sheet within the plan set that is completely different from the project name
that will appear on the Title Sheet. In many firms, it is common practice to label the
product of a specific discipline, such as a drainage project, using a recognizable term. A
client may have independent reasons for wanting to call the drawings by specific names.
For instance, the engineers and technicians performing the design of the lighting
segment may call it “electrical” work. The client may wish to refer to the sheets showing
this work as “roadway electric plan” or “unit duct layout”. If the internal staff applies

their common term to the drawing rather than using the client’s preferred term, the
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client might have the impression that the work has passed out of the control of the
project manager. This is evident when the client offers a review comment asking to use
their terminology in the work produced.

The in-house process that may help avoid the expenditure of labor dollars to revise
the project title that is used on the Title Sheet, as well as the project title that is used on
any other sheet within the set of plans, can be quite simple. The project title might be
within the Request for Proposals or in the Request for Qualifications. The project title
could be in the Advertisement for Services or in an invitation to bid for Design-Build
Services. However, the project title used in the initial pre-engineering period might not
be the same as that used in the actual Agreement for Engineering Services. Therefore
the Agreement for Engineering Services could define the engineering to be performed in
general terms, but would most likely contain the official project title. Often, the
representatives of the firm involved in signing the agreements are not the same as the
individuals involved in the preparation of the pre-engineering submittals. Sometimes,
when the firm is about to begin work, the representatives of the firm who attend the
initial project kick-off meeting with the client may not be the same as the actual team
members who will produce the work. In any case, the client can identify the official
project title at any of the project initiation meetings. The firm then needs to advise all
participants of the official name of the project and direct the staff to use the project name

on all correspondence, all invoices and all sheets within the set of plans.

Jurisdiction and Funding Sources

The Title Sheet will often indicate the hierarchy of authorities or jurisdictions having
an interest in the project by virtue of their governmental capacity, ownership of the
property upon which the project is constructed, or ultimate responsibility for the
management and operation of the completed project. The project funding and approval
may take place at a number of levels and be approved by various agencies or
jurisdictions. It is common to display the names of these agencies at the top of the Title

Sheet, in descending order or hierarchy or proportion of funding. This listing could
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include the federal government, state, county, borough, parish, commonwealth, district,
township, city, town, village, political precinct or management association. The listing
may also acknowledge the priority for approval, or serve as a means to help identify the
project as a local, regional or multi-state endeavor. It is possible for a project to
commence with funding at the local level, and then to receive infusions of funding at
various other levels of government or taxing jurisdictions, until the end product may
consist of a Title Sheet that identifies a number of agencies whose funding has been
utilized. “Ownership” or control of the project by the originating agency or client may
remain unchanged.

The preferences of each client will differ regarding the ranking of the various
governmental entities involved. The list might reflect the percentage of involvement,
the relative liabilities incurred, or the political rankings in either ascending or
descending order. An in-house process that may help to avoid exceeding the budget for
the preparation of the Title Sheet would involve the preparation of a sample listing for
discussion with, and concurrence from the client, thereby ensuring a minimum of
revisions to the Title Sheet, since many clients allow only a few hours of effort for the
preparation of this part of the work, but the end product may be revised several times as
new information becomes available. A single confirmation meeting with the client

would therefore save many hours of un-necessary revisions.

Project Identification Numbers

Many agencies and clients utilize a numbering system as the means of identification
for a project. Numbers become reference tags for the various agencies to track budgets,
progress and status. This identification number may change during the various phases
or stages of a project, so it is common for a project to have a unique number when it
originates, a separate number when it reaches conceptual approval, another number at
plan preparation and a new identification number for construction. Some agencies use
the same number from beginning to end in order to ensure that a project can refocus in a

different direction without losing its identity within an accounting system. For some
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agency program staff, it is far easier and more cost-effective to re-define a project than to
re-name or re-number it in a budget tracking system.

The numbering system may involve terms or labels such as job number, section
number, project number, contract number, or other terms including fiscal year
allocation, budget, line item, tracking system, appropriation, letting, or program. Each
has a particular and unique origin, and each has a specific meaning to the agency. In
most cases, the identification number is not interchangeable between terms and labels.
The number may undergo subtle changes as the project advances from the preliminary
to the final stage. A working knowledge of the derivation and meaning of the
identification number is essential to ensure that it is in its proper place during design.

Given that the identification number is unique to the project, regardless of whether it
refers to the project status, design job number, construction funding source or program
year, the Title Sheet is the logical place for the display of all of the numbers, in the exact
format that the agency prefers to see them listed, which have any bearing on the nature
or development of the proposed improvement. This may include all manner of
punctuation, hyphenation, brackets and spaces between letters and numbers. Often, the
identification number appears in a specific manner or location on each of the drawings
within the set of plans. The number may also be in bold font, italics or specific lettering
size.

To avoid having to revise the project number on the Title Sheet as well as on the
various other sheets or locations within the set of plans, the firm performing the work
will need to understand the numbering system of the agency, the preferences of format
for the number and the location for the number to be placed on a sheet. This also
requires that the firm communicate the number to all disciplines involved in the project,
as well as the firm’s internal accounting and invoicing staffs. This will ensure that each
transmittal to the client is identifiable for processing by the recipient departments. The
need for this type of coordination becomes apparent on a multi-disciplined project,
where each group of staff members involved in a unique specialty could generate

drawings and reports using the identification number in a variety of forms and formats.
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Structural teams will often use an initial project number for their preliminary submittal,
and will retain the use of this number throughout the entire design process. This can
result in last-minute revisions of each Sheet produced by a design discipline in order to

comply with the client’s system.

Project Maps

The Title Sheet will typically contain a map to locate the project. The type and scale
of the map will vary based on the client. In some cases, more than one map may help
identify the project within various jurisdictions. A quick glance will show a state
official, such as a member of the elected representative body, state maintenance or
policing agency, or a labor-related official, where the project is located in order to
determine whether action, reaction or acknowledgement is required. A prospective
bidder on the project can use the mapping to identify the relative proximity to staging
areas, supply sources, borrow pits or dump sites. The prospective bidder can also
determine the surrounding access conditions. A project map can be used to provide an

indication of the relative length of the proposed improvement.

State or County Map

If a project is subject to federal or state funding, a statewide map will typically be
included in order for the appropriate federal and state agency officials to quickly
identify the work within their district or area of responsibility. Given the wide range of
services provided at the state and federal levels, an agency may be involved or affected
without having been in direct contact with the firm performing the design services or
the client originating the assignment. This could include environmental agencies,
interstate commerce commissions, regional planning coordinators and various bureaus
whose databases will be affected or will require updating to reflect the project. There is
inter-agency overview at various levels of government, but no singular entity can have
all knowledge of all projects from the public and private sectors in any one region which

might be taking place at any given time. It would be most undesirable to allow the

© Jack Schmitt Page 9of 69




www.PDHcenter.com PDH Course C233 www.PDHonline.org

implementation of an improvement to have a negative impact on the regional
transportation network. So, for that reason, a simple mark on a state-shaped map
provides a macro-view that can suffice as a prompt to allow the exchange of critical

information regarding projects which may overlap in a specific area.

Local Project Map

The bidder or prospective contractor will focus on the micro-view of the project,
typically presented as a location map or local sketch or roadway system map. This map
identifies the project limits, the interaction with the local street network, the orientation
of the project with regard to political boundaries such as city limits, county or township
lines, and the survey terms such as USGS range and township so that other available
mapping can be obtained in an efficient manner.

The interaction with the local street network would allow the potential contractor to
see the access routes to the project, which might involve crossing railroad tracks,
congested highways or bridges over waterways which may have seasonal delays. It
would be beneficial for the location map to show all streets in the project area.
However, each agency has its own requirements and it is common for a project location
map that is used for a state or county project to have a different focus on the street
network than the map used for a local municipality or township. All mapping would
not be to the same degree of detail in every project, but it is typical to show all of the
numbered routes, interchanges and intersecting streets as a minimum. The potential
bidder will most likely visit the project site as a prelude to compiling an estimate of the
costs involved in constructing each component part of the project. Access or delivery
routes, areas for the field office, worker parking and material storage, overhead electric
power and telephone lines, viaducts and heavy traffic generators would not necessarily
be shown on the location map, but would be observed by the potential bidder during a
visit to the project site. The contractor and suppliers may be approaching the project
from all directions, at various times of the day, and will need to be able to prepare a bid

based on the realities of dealing with all physical parameters associated with the project
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site in order to be able to complete the project within the time-frame indicated in the
proposed schedule.

The project might cross municipal, township or county lines, affecting labor rates,
engaging various ordinances which might affect hours of operations, interrupt routine
seasonal maintenance or impose noise restrictions. School District boundaries may also
affect the hours of operations, since certain streets in the project area may contain bus-
loading areas. Schools or Park Districts may have athletic fields within the immediate
vicinity of a project, which would in turn affect the use of streets in the area. The
location of a project will also necessitate an understanding of the jurisdictional
boundaries for emergency services, public transit and school bus routes, in order to
schedule the timely arrival of materials to the job-site, such as asphalt and concrete.
Delays in arrival affect the placement of such time and temperature-sensitive materials.
Forest Preserve District boundaries may also cross the project, initiating ordinances or
regulations that could affect native flora and fauna.

A roadway-based map is not the only document that identifies the properties of a
project area. By providing the township and range on the project location map, the
prospective bidder can easily reference aerial-based photographic mapping, as well as
soil conservation district documents to assist in locating borrow pits, areas under
construction and drainage features. A project might require borrow or disposal of
excess excavation, which will require an assessment of the logistical needs for access and
return routing. A project that is affected by a nearby waterway might be augmented by
a map that delineated the anticipated high-water elevation of record so that sufficient
planning could take place to avoid flood damages. An overview or knowledge of the
direction from which overland flow will arrive, and an identification of the downstream
recipient of project runoff will assist in determining the frequency of maintenance and
replacement of erosion control systems, avoiding seasonal events which could adversely
impact operations. A map showing the soils of the area will inform the prospective

bidder of the nature of the underground material which might be encountered. Many
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categories of information and knowledge of the surrounding area are essential in the
preparation of a competitive bid.

To be of sufficient practical use, at a minimum, the location mapping will need to
identify the project limits against the background of the local street system. Regional
roadway systems such as expressways and interchanges can assist in guiding the
prospective bidder to the project site. The information conveyed by the location map or
sketch will be enhanced with the inclusion of political or survey labels to help find other
maps which might be of use to augment the preparation of a bid or to see the proximity
of projects underway by other agencies. Providing the length of the improvement may
help a potential bidder identify whether the project is of sufficient size to warrant the
investment of resources to prepare a bid. Revisions to the map can be avoided through
a discussion of the anticipated usage of the map with the client, by comparing the map
to that shown on similar projects in the area, and by comparing the latest roadway
mapping available with aerial photography and a field visit. Incorrect geographic
placement of a project on a regional map can lead to revisions in construction staging,
traffic detours and unintended labor hours in other parts of the plans. The project
design team sometimes gets their job-site knowledge from a photo log, and sometimes
the project budget only allows one field trip to the job-site. For projects of multiple-year
duration, a person who made the visit or who took the photos could leave or be re-

assigned. Job-site knowledge can be lost during a project.

Design Data

The Title Sheet can convey basic design criteria for a roadway, which in turn serves
as a guide or prompt for scheduling future maintenance operations. The criteria listed
will not always reflect design criteria for internal elements such as drainage and
landscaping. On the other hand, when the criteria identifies the intended design service
life and the anticipated usage of the road, it can serve as a quick reference in the event
that traffic were to be routed onto the project as part of a future detour that might be

contemplated to allow expedient construction of another project. It is not infeasible for a
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detour to adversely impact a roadway that had not been intended to handle a high
volume of traffic. The design criteria for a water-main, sewer or culvert can also be
useful as a quick reference for assessing the type of materials that may be required for

construction.

Design Year

Projects can be designed to serve the public for a specified number of years. A
Drainage project involving a ditch may be expected to serve for a different length of time
than a Drainage project involving a sewer pipe. A sanitary sewer project might be
dependent on the anticipated daily loading that is to be temporarily conveyed during
construction. A Bridge project may have components that are intended to endure for 50
years, while a mixed-use pedestrian / bike path could be expected to provide service for
25 years. The timeframes will depend on the local jurisdiction as well as industry
guidelines.

Roadway projects are designed to serve traffic for a specific timeframe, known as the
design life, which designates the intended service life of the pavement. This period of
service, typically measured in units of axle loadings, but often stated in years, is based
on the anticipated average annual traffic. In some jurisdictions, the design period serves
to trigger implementation of routine inspection, pavement rating and programming of
future budgets to ensure pavement maintenance. Even though a pavement may have a
design life of 20, 30 or more years, the surface of the pavement may need routine
maintenance in order to ensure that the intended friction factor is provided for the
service life of the pavement. For an agency using a comprehensive pavement
maintenance program, the Design Year data assists in the calculation of the estimated
future costs of pavement rehabilitation.

Some pavements serve a limited number of heavy-axle and tandem-trailer vehicles
over their service life. This number could be presented on the Title Sheet in one of
several related terms, which could be the Average Daily Traffic (ADT ), the Design
Hourly Volume ( DHV ), the Traffic Factor ( TF ), Average Multiple Units (MU )
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anticipated in the design period or the Maximum Hourly Volume (MHV ). There is a
direct correlation between pavement design and the number of axle loadings anticipated
to be received during the design life. In the event that the anticipated number of axle
loadings occurs prior to the design life, the pavement will begin to fail, resulting in the
need for attention by the maintaining agency prior to the date or time at which such
work was anticipated or programmed. Premature pavement deterioration can also be
the cause of vehicle incidents, which in turn can engage the designer in legal issues that
were not anticipated.

The Design Year is a future date that is determined during the concept stage of a
project. In some instances, based on policy modifications and the impacts of local
development, the Design Year can change to a later future date during the plan
preparation stage. Since the Design Year can affect the pavement typical section and in
turn affect the content of various drawings within a set of plans, it is necessary for
various design disciplines to routinely verify the Design Year in order to avoid spending
labor budget to revise other drawings in the plans that depend on this information. This
becomes more critical if a project involves a bridge, since the design loadings may vary
depending on the projected traffic in the Design Year. The structural design staff could
be faced with numerous revisions as well as re-application for approval of design
criteria in the event that changes in the design parameters go un-noticed until the project

is prepared for submittal.

Route Designation or Classification

All roadways receive a designation or classification, based on their intended
function, operation or use as well as by the geometry of the facility. The terminology
can vary between states, jurisdictions and agencies. Both numbers and words are often
used. The numbers can refer to a federal, state, county or township system. The
wording may use terms such as urban, rural, collector, distributor, arterial, primary,

secondary, major, minor, principal, freeway, highway and Interstate.
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If a project is to cover several locations, it is common for the designation or
classification to reflect the terminology relative to a region that uses terms that differ
from those used by the client. Generally the Title Sheet is the first sheet that displays the
roadway designation or classification. Future reference to the roadway designation or
classification can provide the information necessary to verify the suitability of a
pavement to serve as a detour route for heavy traffic or to track changes in the

characteristics of regional travel.

Pavement Type

While there are literally four million miles of roadways in the continental United
States, only about half are paved. In various locales, a numbered route roadway could
be a dirt, gravel, chip-sealed aggregate or full-depth aggregate road, but it would not
necessarily be described as a paved road in the same fashion that the term would be
applied to a concrete-surfaced or asphalt pavement.

Within the categories of concrete and asphalt pavements, there are a number of sub-
categories for use on the Title Sheet to define a project in a word or two. An asphalt-
surfaced pavement can be full depth or it can be a component of a compound pavement
having a thin layer of asphalt placed over a variety of base courses. A concrete-surfaced
pavement might consist of plain, jointed or reinforced concrete, all of which are different
with regard to construction methods, service life and adaptability to various
rehabilitation approaches.

The terms asphalt and concrete may engender differing images depending on the
individual reading or hearing the term. Often, the subtleties of the pavement design will
be of no interest to the driver or casual observer. The information displayed on the Title
Sheet is of greater importance when referenced during a future contract, since the
pavement type can immediately impact selection of construction type, pavement
rehabilitation and the re-use of removed portions of the pavement for other purposes,
such as recycled bituminous materials. It is necessary to use the correct terminology

when labeling the pavement type in order to avoid mismatching the pavement with
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another type. Plan revisions to implement jointing of two different types of pavement
can be avoided if the identity of the adjoining pavement is known at the beginning of
the project, and is conveyed to the design staff as personnel and management changes

occur.

Design Speed and Posted Speed

Some clients will require listing design speed or the posted speed for a roadway
facility on the Title Sheet for quick comparison with criteria as well as for future
reference during the life of the project. The design speed will govern the selection of
horizontal and vertical geometry, lane width, sign information and sight distances. The
posted speed limit is subject to legal implementation. The design speed applies to traffic
analysis, detour selection and realignment studies.

The design speed is not necessarily interchangeable with the posted speed limit, and
a clear understanding of this concept will avoid redesign of signing, traffic control,

construction staging and roadside safety elements.

Responsible Parties

Most projects begin with planning, meetings and decisions within an agency. A
project may have an elected official as a designated funding sponsor. In most instances,
that sponsor would not necessarily be listed as the authorizing party on the Title Sheet.
The client from whom a firm receives the assignment to prepare a set of roadway plans
might be the authorized agent of the actual funding or sponsoring source, but the client
may not be the ultimate responsible party. The term “responsible” does not indicate
maintenance jurisdiction, permit authorization or liability. It is intended to identify the
main body through which action has been taken to process a need for an improvement
from the concept stage, through various alternative studies and ultimately to the
preparation of contract documents including the set of drawings containing the

roadway plans.
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In many cases, the Title Sheet will list a hierarchy of governmental agencies, in
ascending or descending order, depending on the preference of the region, locale or the
client. The state and local municipality will appear, while some of the other agencies
listed might not have a funding or approval role in the project, but might be the origin of
the controlling specifications for the work. In this manner, the State or Commonwealth,
County, Borough or Parish, city, village or municipality, and perhaps additional entities
such as a township or park district, could be involved with a project, depending on the

nature of the work.

Agency Approval

The Title Sheet will often provide an opportunity for a designated individual
representing the authorizing agency to sign and date their approval of the set of contract
plans and documents. This signature will often set in motion a sequence of events that
will lead to the publication of intent to receive bids for the work. The name of the
project manager or department head within the agency having jurisdiction over the
preparation of the contract plans may appear, and in some instances, this person might

sign the Title Sheet.

Funding Source Approval

The entity providing the majority of the funds for the project is typically mentioned
in the name of the proposed improvement, using terms such as “federal-aid”, “state-
funded”, “tax increment financed” or “motor fuel tax”. In most instances, a
representative of the funding agency will not sign the Title Sheet, but will have signed
the appropriate forms at the conclusion of the preliminary engineering, during which
the basic design parameters are established.

The authority to print and publish the plans to solicit bids appears as an expression
such as “Printed by the Authority of the State”. The plans become the property of the
constructing agency in most cases, and are not transferable to other agencies without

proper legal documentation.
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Licensed Professional Seal

All work designed to serve the public good is prepared under the direct supervision
of a licensed or registered professional engineer. In some cases, a project may be signed
and sealed by an architect or by a Landscape Engineer. In addition, structural, electrical
or architectural work will require the signature and seal of the appropriate individual
who bears the liability for the safety of the public, required by law to be identified in
most funding jurisdictions.

A sample set of plans can be the best guide for the layout or hierarchy of agency
recognition on the Title Sheet. This will only be the case when the sample set represents
similar work, similar funding conditions and a similar approval process, and is a recent
product, prepared for the same client contact. Better still, it would be considered highly
professional to simply ask the client if the sample set represents the latest in the client’s
expectations. The client would not appreciate having to remind the design firm of the
project location, the source of funds or the name of the client agency that authorized the
work. Often this information appears in correspondence, agreements and minutes of
meetings. The unnecessary expenditure of labor dollars will be avoided by preparing a
sample sheet for the client’s review if the assigned staff is not able to access the
necessary information that is to appear on the Title Sheet. Staff changes within the client
organization are as frequent as those which occur in design firms. It is not unusual for a
final draft of a Title Sheet to be returned for revisions due to staff reorganization in a
client agency. This can be avoided by having the client contact perform a quick review

of the names listed on the Title Sheet.

Miscellaneous Information

For ease of filing, paperwork reduction, quick reference and standard practice, the
Title Sheet may contain various bits of information that apply to the work or to the
internal sheets themselves. In some agencies, redundancy is avoided, while in others, it

is encouraged. These bits of information may need to be disseminated to the various
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disciplines involved in plan preparation in order to avoid having to revise things such as
drawing scale, utility contacts and sheet numbers.

A sewer project might include the names and contact information for emergency
services as well as a listing of the current operational agency or owner, the regulatory
board members, the types of effluent in the system, the pressures under which the

system operates and the types of materials that compose the existing system.

Scales

Plan drawings may be prepared in standard units of measure consisting of feet and
inches, or in metric units consisting of meters and millimeters. The scale of a drawing
will depend on the common practice of a discipline, and can range from a ratio of 1:5 to
1:500. Some agencies require that all scales be identified on the Title Sheet. Other
agencies will require the identification of scale be displayed on each sheet.

The scales to be found on the drawings can be depicted in numerical terms or by
using a bar scale. A bar scale will allow relative measurements to be scaled on a paper
set of plan sheets that have undergone repeated printing and reproduction or fax
transmission without introducing errors beyond an acceptable range of proximity. The
bar scale can be accurate to the incremental division of units on the scale. Any further
sub-division is subject to interpretation and a degree of inaccuracy.

The scales shown on the Title Sheet can be helpful if they represent the actual scales
used on the drawings in the plan set. A set of infrastructure plans can include work by
other disciplines such as Landscape Architects, Urban Planners, Structural and Electrical
Engineers, who may by practice, utilize an expanded scale, a common scale such as
3/8:1, or who may use no scale at all. Coordination with the client is necessary to
determine the preferred scale and the range of scales to be used on each project. In the
event that the scales listed on the Title Sheet are not universally applicable to all
drawings within a set of plans, a disclaimer may be needed. Many hours can be saved
by familiarizing the design team with the content of the scale range shown on the Title

Sheet.
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Utility Contacts

A project does not have to extend below the surface of a roadway in order to
encounter utilities. Both public and privately-owned utilities can have facilities and
appurtenances at grade (a manhole cover) as well as above grade (a fire hydrant or
telephone pedestal) and overhead wires, (cables or conduit) which might be impacted
by construction operations. Junction boxes on pedestals and low-hanging overhead
wires, which can be inadvertently struck without intent to move or to adjust them, are
common examples of ancillary utility involvement. Shallow buried conduits and vehicle
detectors can also be impacted by unintentional operations such as advanced
construction signing, vehicle parking or servicing. Utility companies are often acquired
and third parties might manage their physical facilities. The coordination process that
began during the concept stage may establish a primary contact for the exchange of
information, locations and policies. It is not unusual for that contact to become
invalidated by the time a set of roadway plans is in use for construction operations. For
these and other reasons, the Title Sheet will typically provide the name or telephone
number for a centralized contact that will attempt to ensure that all affected parties can
be identified and have their facilities marked in the field. Often, a privately owned
utility might choose not to participate in the collective identification process, in which
case additional contact information may be required within the set of plans.

Striking an unidentified utility can be costly to the responsible parties and could be
injurious to workers and the general public. The time invested in gathering the utility
contact information may exceed the time that it takes to place the information on the
Title Sheet or at another prominent location within the set of plans. Just as no single
agency can be expected to know all of the potential projects which might be under
development, it is also impossible for a single entity to know the status of every utility
within a specific locale. A private utility can be sold, relocated, upgraded or removed
during the time that a set of plans is being prepared. Repeated coordination with the

utility company is the best method to obtain the latest information and confirmation of
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the line-work shown on a set of plans. The client may invite all known utility owners to
identify themselves when the project is advertised for bids. All of the identified utilities
can have representatives attend the project pre-construction meeting. To safeguard the
public good and to avoid overlooking a utility and incurring the resulting damages, it is
in the best interests of the client and the designer to list the utility contacts, walk the

jobsite and physically verify the utility information.

Finished Product File Location

All agencies utilize a filing system of some sort from which to retrieve information
from projects that will be useful in the future. Systems have evolved from hanging files,
flat files, and cubby-holed rolls of prints, microfilmed, photographed and scanned
sheets. The indication of the intended file location is shown on the Title Sheet for the
client’s use. The actual repository may change several times during the service life of
the proposed improvement. The Title Sheet would be a logical point of origin for a
future search of the files to obtain pertinent as-built information.

The client will indicate the current or intended filing location for the set of contract
plans to be stored after the completion of design and construction. This information
might be shown in a variety of ways, and no two agencies might use the same process or
nomenclature.

A sample Title Sheet is shown in Figure 1. The sheet resembles the Title Sheet for a
mid-sized roadway project. The Title Sheet can consist of something as minimal as a
cover page containing the agency logo and a one-line description of the project. The
Title Sheet can be a sheet that contains the project name and number.

The purpose for each sample contained in this text is to provide a foundation upon
which to build selection criteria for information that could be presented on each of the
various types of sheets. The samples are not intended to be used as a template for any
sheets used by specific agencies. They are presented as a guide for the assembly of
questions to ask internally or externally, to save time and labor dollars by avoiding un-

necessary efforts, or to direct efforts in an organized manner.
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As computer-aided drafting continues to dominate the preparation efforts, many
agencies and clients have prepared cell libraries, base sheet templates and sample format
sheets to assist in the plan sheet creation process. Some have gone to the extent of
specifying font for lettering, line-weights to be used for centerlines, object lines, existing
topography and actual sizes to be used for symbols to represent most topographic
features that will be encountered, from guardrail to picket fencing, from inlets to
junction chambers, from marsh grass to mature trees, and from traffic signals to runway
edge lights. Familiarity with the client’s library resources will save labor that might
need to be spent re-drawing an object. Time can also be saved by ensuring that the
correct symbols for common objects are being used, since all agencies do not use the
same symbols or line weights for every case and contingency. The design team’s
creativity and individuality might be appreciated, but it can also be costly to revise if the

client does not accept it.

© Jack Schmitt Page 220f 69




www.PDHonline.org

PDH Course C233

www.PDHcenter.com

— 1 INOII — ™ gl :.a

©ow-T f5L33HS i

‘ON LOVHINOD |

TIMVN
FJNLYNDIS

000 'DSE+L WIS

1J3r0kd 40 SiIAIT

— f
1 _ SANVemD vy B 198 'Dre4081 VIS _‘

RS BT 193r0Hd 40 SLINIY

TIEN 38 AYN SIS JAOOY SML TNV (HOAGHN MO
SOGNINNEYIN MOV M STTVOL ONVENWLE 01 NEON0)
Lon TR SNV GINS GIONEN TINVOE SMUENRN |
o000 ‘STl = FTHDS - BMIEN BNV NEEE SAVH SHVW EDS TWd |
anve B NL93W ‘311 TS9E1Z wiS sim_ .‘.rg L oo wuwwm!tooﬂcm__:h._,.m_ " |
vy B N3 D16 DiielET viS x i) _

Dm0y ol -% |

o dmwi U WEYBETHEIZ WIS
193708 30 SLINIT

|
L1

Lizac  amed LI
HIAINONIN €550 = WILIM 0956 - HiowIT A
HILINOTIN 065°0 = ¥3LIM 0066 *NLONTI SSowd |
=17 0 Y geriedelc vis| | . WELIM 0056 3
L3304 50 SLINLT | 1537084 30 HIBRT 1

1 vl ¥ 505 521+091 Wis
3 000 '09C+r VIS | - 133008 40 SLINTTY
103r0ud 30 SLIMIT [ | i

. ove B STP rRESOSE VLS
amvi B 000 0004081 WIS - 133r0ud 40 SLINIY
1330k 30 SHINEY e |

| dnry B 000 “ORSHOET Wi
Y ON3 0207170 wis[ J3r08e 40 SLINDY
| 1 1937084 40 SLIAIT =
— T PES PISHOC VLS |
£LF 901408 TAS OL PES EESHOE WIS 193708d 30 SLINI T
1 NS “300TM8 X3TH0 HIAD P

29-@““ INIW3IVId34 390148 ONY BNIAVA - 3ISVHd .
Lz3roue R

zcgww : anvi § 000DOC+D9! YIS

B iH W BirRT NISE2eE YIS

*O .,. ALVISHILNI) 31N0Y Iv4 L o o i s

SNV1id AVMHIH |

UMM 011 =
whAE 011 < i3S NDISIO
: 2 nw Q&QEL (0202} DOL 62 MSEEI) 00K ‘92 = BA
s 4 STVTIA 31 . \DZ0Z 1 000 *TE1 LIGRGT ) 00T '6S1 = gy

N S S SAVMHDIH 10 NOISIAIQ

(0f-d383 ) OL6F9 JUVLISUILNT (OTH0S4Y - NDIJVNDISSQ NOlS30

T "ON 133HS 335 'Si33HS 40 YAANI WOd

Page 230f 69

© Jack Schmitt




www.PDHcenter.com

© Jack Schmitt

PDH Course C233

www.PDHonline.org

Page 240f 69




www.PDHcenter.com PDH Course C233 www.PDHonline.org

The Index Sheet

An Index Sheet may be as simple as a table of contents listing the names of the sheets
contained in the set of plans. The Index Sheet can also be expansive and detailed,
depending on the preference of the client or agency. The contents and arrangement of
an Index Sheet varies from agency to agency and could simply mention the grouping of
a variety of categories of sheets, such as paving and roadway plans, utility sheets, details
and cross sections. An index of this type can often be small enough to fit on and be
displayed on the Title Sheet. An expanded index often requires a sheet of its own to list
the titles of all of the various sheets in the set of plans along with a listing of other stock
agency standards and details that are referenced and may or may not be included within
the plan set, depending on the client practice and reproduction cost restraints. The
various other standards that are listed in the index but not included in the set of plans
may need to be obtained by the contractor for use on the project. Incorrect reference
may become an element of a change order, thereby requiring an assurance that the
references are both accurate and up to date.

If the index requires its own Index Sheet, then it is typical to list each drawing
contained or referenced in the set of plans by its full name. The order in which the
sheets appear in the set of plans will vary by state, region, agency and funding source.
Some clients prefer to present the sheets in logical order of operations, while others list
the general informational sheets and all of the intended quantities before showing the
actual work, followed by a presentation of the traffic control or above-ground work
before showing the related drainage or underground work. Some agencies prefer to
group the removal items together. Some clients address the erosion control or grading
together with the typical sections. Some may present the removal items within the
construction staging.

Given the variety of permutations and the preference for cross-referencing between
sheets, it is incumbent upon the designer to have a clear understanding of the client
preference in order to avoid having to re-number sheets, re-shuffle the order of

presentation and revise the Index Sheet, all of which would represent additional labor
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that could be avoided. The use of sub-sets or groupings of sheets in disciplines as well
as the use of plan stationing rather than sheet numbers for cross-referencing can save
labor prior to submittal. The content of the Index Sheet, as well as the content of any
sheet in the set of plans, needs to match the information listed in the title block of the
sheet.

Some agencies have begun using specific naming conventions as part of their filing
system. This is particularly true for those agencies that have adopted a data base system
that catalogues their drawings in one of the many available project management
software programs. Learning the client’s preferences and their naming conventions can
save labor hours, and it can also serve as a basis for a sub-set numbering system for the
various groups of sheets such as lighting or landscaping. Each agency or client may
have their own preferences for dates to be placed on the sheets, identifiers such as
“Preliminary”, “Final”, “Advertised” or “Amended”.

A sample Index Sheet is shown in Figure 2.
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The General Notes Sheet

A full set of contract documents may include several other publications by reference.
A set of infrastructure plans may require months of preparation, during which time the
reference materials may be updated or superseded. The design of a project is guided or
directed by specific criteria. The construction will also be controlled by Specifications,
published manuals, agency guidelines, Special Provisions and regional best practices.
Often, an agency’s experience will dictate that it is beneficial to post specific directives or
reminders in a prominent position for quick reference and to establish a hierarchy of
precedence. In some cases, repetition of information found elsewhere might be
discouraged. Instead, reference might be made to the preferred criteria, test methods,
detour routes, work periods, utility contacts, borrow or disposal areas and unique
details that might not be discovered by a cursory perusal of the infrastructure plans.
Some information might be useful in obtaining bids. Additional information might alert
the potential contractor to the need for special consideration of a local situation. For
other agencies, redundancy is preferred in order to allow various sheets of the contract
plans to be distributed to sub-contractors without printing or purchasing another set of
plans.

The General Notes Sheet might serve in some jurisdictions as a location to “state the
obvious”. Often this procedure is used to reinforce the importance of a particular
procedure that may have been the source of difficulty on a previous project. This
condition makes it more important to read every General Note rather than copy a block
of notes from one set of plans to the next, even if it appears to apply to similar work,
since the condition that prompted the note could have been resolved long before the
next set of plans is under preparation, thereby rendering the note unnecessary.

The presence of a General Note in a set of infrastructure plans prepared for an
agency on one project does not automatically guarantee that the same General Note will
be used on another project for the same agency. A General Note in one set of plans
might have a title that resembles a topic that appears to apply to a similar case, but

might only be applicable to certain communities. A thorough reading of each note will
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determine whether each is applicable. As in all cases of providing services to a client, it

is more cost-effective to prepare a draft for the client’s review early in the project rather

than to compile a set of General Notes that will be edited at the final stages when time is
critical.

One of the most common situations that occur during the construction phase of a
project is often the result of a line of text in a General Note, which introduces an
approval process or transfers control of a segment of construction to another individual.
This typically occurs when a General Note is inserted or copied from another set of
plans without a thorough reading by the project staff.

A General Note can also be the basis for a construction claim if the text of the Note
contradicts the content or text of a Special Provision. Most agencies will establish the
hierarchy of control for the content of the contract documents. Complications can occur
when external text, such as health and safety codes or regulations, is referenced and the
content of the referenced document contradicts the content of a General Note. For
instance, a General Note might indicate that a sewer is to be installed in accordance with
Standard Specifications. The Standard Specifications might require the involvement of a
public agency, and the General Notes might indicate that all work is to meet the
approval of the Engineer.

A sample General Notes Sheet is shown in Figure 3.
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The Summary of Quantities Sheet

Most agencies develop a general idea of the cost of a proposed improvement during
the initial stages of project identification and planning. The estimated cost is often listed
in the Request for Proposals or Request for Qualifications, and is used as a guide for
determining the relative costs of preliminary engineering, based on the fees paid for
services on similar projects. There may be a cost-sharing element contained within an
inter-agency agreement that can affect the manner in which certain items of work are
compensated. The initial estimated project cost may be based on recent work or it may
be based on lane-miles of pavement or it may be based on an educated guess at the
amount of work to be performed. The agency or client may ask for updates on the
estimated cost of the project as the work progresses. These updated estimates would be
provided by the design firm, and would be generalizations based on the knowledge
available at that stage of work. An updated estimate of this type might be used in a
design-build scenario, but would not be sufficient for the submittal of competitive bids
for the work.

In a set of contract documents and plans for an infrastructure project, the items to be
constructed will often have a specific, assigned nomenclature depending upon the
funding agency and funding sources. A construction material used for pavement, such
as bituminous concrete, might be known as surface, macadam or asphalt in various parts
of the country. The material might be measured for payment based on the weight of its
component parts or the areas covered by paving. This is dependent on the agency’s
Standard Specifications. Sewer might be constructed using clay, metal, concrete or
plastic. Lighting luminaries might be mercury or sodium vapor. The client or funding
agency may assign a unique numbering system or code as well as a preferred title for
each item of work to be performed. Some agencies prefer to group work items together
in the order of intended construction sequencing. Other agencies list the items in the
same order as the agency’s Standard Specifications. Still others will insist that the coded
or number of the item be used as the guide for listing the items too be constructed. In

any case, the Summary of Quantities is the complete listing of all work that is to be
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constructed, and therefore represents all items for which a unit bid price is to be
solicited. The Summary of Quantities provides a uniform definition of the work to be
performed and will indicate the units of measure by which the work will be tallied.

Since the Summary of Quantities Sheet for an infrastructure project might have the
pay items listed alphabetically or numerically, the Sheet can often be presented in
tabular format. The Sheet could resemble a spreadsheet, it could be compiled from a
database or it could be given as the actual bid sheets upon which the contractor submits
a priced proposal. If the Summary of Quantities is in tabular format, it might include
information such as the construction item’s specific name and unique code number and
the designation of a work group or construction code for tracking fund allocation. The
work or pay items might have a Specialty Code to alert the bidder to a reference that is
to be used, consulted or visited in order to understand a unique element of the item to
be constructed. The items may be grouped by similarity, such as paving, drainage,
signing, traffic control, environmental or electrical work. They may be grouped in
construction stages, which can complicate the Summary and result in duplication of
quantities.

As the design assignment progresses from preliminary to pre-final and on to final
plan status, the client may request that the initial cost estimate be updated for funding
and program planning purposes. This might require that each discipline take a close
look at the plan sheets representing their work, compiling a list of general work items
and applying a unit price to establish the estimated construction cost. A comparison
between the initial project estimate and the interim estimate might reveal the need to use
a contingency factor to account for elements of the design that are not completed.
Various agencies and clients might prefer that the contingency factor be reduced as
design continues, until each discipline has completed its work and a draft Summary of
Quantities can be compiled.

Some clients or agencies will prefer that the quantities be considered as estimates,

and will label them as such, providing a column for actual or constructed quantities.
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Other agencies will prefer the listing to be the actual calculated quantity, but will also
require a column to represent the “as-built” or constructed quantity.

Assignments such as those encountered in a design-build situation might require
that a sheet be included with a listing of the anticipated items to be constructed, leaving
a blank column to be filled in when the project is completed.

The tabular listing of the Summary of Quantities might be dictated by an agency’s
practice of publishing bid tabulations as a record-keeping device or as a tracking
mechanism for identifying potential sources of confusion on the part of the bidder if a
line item’s bid price is seen to be outside an anticipated range. The impacts of energy
and labor costs on various work items can also be obtained from the agency’s records.

The completion of the Summary of Quantities leads to the preparation of the cost
estimate for a project. The cost estimate can be affected by the contents of the General
Notes as well as the text of plan notes and Special Provisions. For instance, if the
construction of a section of curb includes the repairs to landscaped parkways and the
cleaning of tracked mud on adjacent streets, the price would be different from the price
for the curb construction alone. An item referenced as “included” or “incidental” does
not make that item appear on the project site without the utilization of labor and
equipment.

The Summary of Quantities depends on the compilation of all of the work on all of
the sheets of the set of plans. It may include work that is not shown on the plan sheets,
but is required based on text in Special Provisions or Standard Specifications. For some
projects, the Summary of Quantities Sheet could be compiled using the Schedules of
Quantities. The content of the Summary of Quantities Sheet is dependent on a
concentrated effort to read every note on every sheet in the set of plans, since some
disciplines will treat certain work items as coincidental or included with another item of
work. Most agencies will not include a contingency in a Summary of Quantities, while
other agencies will include line items for mandatory penalties associated with “failure to
perform” conditions. A precise organization of quantity calculations is often the key to

avoiding any wasted effort in labor hours used in the preparation of a Summary of
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Quantities, since it is essential that the calculations keep pace with the design in order to
ensure that the summarization of items is done one time, without having to re-calculate
each item for each submittal or milestone.

A General Note could have an impact on the Summary of Quantities if the General
Note references an external document which requires additional work items in order to
complete the work. Close coordination among all design team members will reduce the
potential for a costly oversight, or a revision of a cost estimate, or an addendum to
advise bidders of the additional work required.

A sample Summary of Quantities Sheet is shown in Figure 4.
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The Typical Sections Sheet

The nature of a segment of an infrastructure project can be represented by a sketch
known as a Typical Section. A roadway segment, for example, can be represented by
both an existing and a proposed condition. A sewer or pipeline project might be
represented by a common trench section. A grading project might be represented in
“typical” fashion by a section that indicates the amount of topsoil to be removed.

Any infrastructure project involving a linear component can be represented by a
typical section. This applies to sidewalks, ditches, runways, jogging paths, pipelines,
utility trenches, levees, berms, canals, retaining walls, curbs, medians, rails and shipping
channels. The section remains “typical” as long as it is representative of the
infrastructure item at the location indicated. If one component or another of the
construction materials are changed, or if the shape of a ditch, the width of a parkway or
type of curb changes, a different “typical” section or a note advising the extent of the
difference in construction would be needed.

Typical sections are usually shown from the viewer’s vantage point looking ahead,
or up-station, or forward from the point of beginning. Often for ease of illustration, a
typical section will be shown in “mirror-image” to reduce repetition or to reduce the
number of sheets in a set of plans. A note would be provided to indicate this condition.

Some clients or agencies prefer to use directional information such as “viewed
looking east” or “view is similar in both directions from mainline roadway”. The
individual preference of the client will dictate the need to provide this information.

A segment of roadway may be slated for rehabilitation, widening, reconstruction or
complete removal. In any situation, the nature of the construction of the existing
roadway is useful information for the contractor in both the bidding and construction
phases of a project. Knowing what has to be removed, widened, rehabilitated or used
for construction staging is essential for the submittal of a responsive bid. During the

preliminary design and planning phase, the nature and composition of the existing
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roadway segment might be based on record or as-built plans, or it might be based on a
visual inspection of the roadway. The true nature of the existing roadway can only be
verified by the acquisition of pavement cores, which are samples of the pavement and
can be taken from several locations to verify the findings. The composition and
thickness of the existing pavement will be needed in order to determine how to join the
proposed roadway at the termini of the project. The existing pavement may be different
at each end of a project as well as at intersecting roadways. The existing pavement may
have varying widths and turn lanes, medians and segments that cross bridges or
culverts. More detailed information about the existing pavement will contribute to a
more specific listing of pay items and work processes required to complete the project.
Elements such as jointing and paving transitions are dependent on knowledge of the
existing road. Actual presentation of the sections will be directed by the client or agency.
Some will prefer that the existing typical section be placed on the sheets that show the
portions of pavement to be removed. Others will require separate sheets.

The proposed typical section for a roadway project can be defined in the preliminary
or planning stage as an anticipated facility, or it can be part of an agency’s standard
pavement inventory, or it may represent a desirable feature intended to serve for a
predictable future period. The Design Year and projected traffic loadings will influence
the selection of the proposed pavement. In some instances, a proposed typical section
can change during the development of the project, or it can be affected by organizational
or political decisions as well as by an influx of new information that is adopted by the
client. The proposed typical section width can vary. It can have turn lanes, widened
segments, bridge or culvert omissions as well as specialized construction elements at
intersections. The sections are intended to be applicable from end to end of the project
or improvement. A single section might be representative of a project intended to
replace a segment of roadway that does not vary in width or have any lane transitions or
intersections.

On a roadway project, the Typical Section Sheets will present both the existing and

proposed pavements. The coverage will match the length of the project. Placement can

© Jack Schmitt Page 380of 69




www.PDHcenter.com PDH Course C233 www.PDHonline.org

be top to bottom of the sheet, or bottom to top. Sections can be presented side by side,
with the proposed adjacent to the existing. The Typical Sections will have each element
of construction labeled, such as the pavement layers, curbing, shoulders, joints and
location of profile grade line, centerline, survey or stationing control line, construction
easements and right-of-way lines. The listing of construction elements might be shown
on a separate sheet, or might be listed using coded pay item numbers or an alpha-
numeric code that is unique to a specific agency.

For a pipeline, force main or water-main project, the proposed typical section might
be expressed verbally, indicating that a uniform amount of cover is to be placed on top
of the installed pipe.

In any situation, the finished product could be uniform throughout the length of the
improvement, or it could vary from segment to segment.

A Typical Section is a general guide that presents the intent of the project. Slight
variations may occur within the segment covered by a Typical Section. Notes or
references to the Cross-Sections or other sheets in the set of plans will assist in resolving
any discrepancies.

The number of potential variations in the presentation of typical sections requires
confirmation with the client in order to avoid re-drawing the sheets. It could take hours
to compile sections, arrange them on a sheet, or re-arrange the sections to conform to
the client’s particular preference. Each agency or client has arrived at their preferred
method of presenting information based on a history of plan development. A
comparison of the plan view and cross sections is essential to ensure that the typical
section represents the proposed improvement, and is not a copy of a section used on
another slightly similar project. The nomenclature and labeling of each component of
work that is shown in a Typical Section is intended to match the terminology used in the
Summary of Quantities, the Schedules and the Plan views of the work. Sample Typical

Section Sheets are shown in Figures 7, 8 and 9.
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The Construction Layout Sheet

No matter how precisely a proposed improvement is drawn on paper or designed by
software in a computer, the intended construction must be staked or laid out on the
ground to provide equipment operators, laborers and skilled technicians direction for
orientation and placement of the elements of the project. Some computer-aided drafting
programs can identify a point in a coordinate system to three or six decimal places. The
accuracy might be a component of the software used. However, the layout performed in
the field might be accomplished using a string and a can of spray paint. The layout
could be performed using wooden hubs driven into the ground affixed with a nail
driven into the top of the hub. The designer would benefit from a day spent in the field
observing the skills utilized by the layout team. The skills displayed might cause a
person to question the need for design accuracies to two decimal places, but
measurements from the final product will confirm that the desired outcome has been

achieved.

Alignment

The concept that two points define a line has been acceptable from the earliest
endeavors of construction. Defining a location along that line, as a distance from one
end or the other is another concept that is taken for granted, but may differ widely in
use or definition. The points may be miniscule or they may be as large as a fence post,
tree, building corner or boulder. The line may have direction, relationship as in
parallelism or skew from another line, or it may simply exist as the shortest distance
between the two end points. The line may not in fact be tangible, since it may extend
over water or through a site to be excavated. The line may originate in the field as
established by topographic surveys, or it may be applied visually onto a photographic
mosaic of the project site. Topography can be acquired using laser imaging performed
by helicopter or satellite. A survey line might not be physically established while the
topography is gathered, but it might be coordinated with the control points established

for the laser operations. Stationing and geometric controls can be overlaid on the
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acquired topography, and the physical location of the stations can be viewed using
magnification of the visual data. In the event that the visual images are not obtained at a
scale sufficient to see finer detail on the ground, a field check or walk along the line can
determine whether the stationing can actually be set along the line. Physical objects
such as buildings, utilities, bodies of water and rock piles can be situated on a location
along a proposed survey control line, which could make it extremely difficult to
establish the precise location of a station point in the field. A survey or control line
could be superimposed onto a stand of trees, but placement of the line in the field would
be difficult, and could be further complicated if tree removal was not an option.
Geometric alignment is often shown on a single sheet, often at a reduced scale to
provide a more compact visual image. The alignment is shown together with the
centerlines of intersecting streets, major utilities and stream crossings, but without any
additional background information such as topography. If the alignment is established
by field survey, the stations would have been physically located on the ground, or offset
in the event that a point was inaccessible due to water or other topographic features. If
the alignment is that of a proposed location of a project, the alignment can still be shown
on a single sheet, and when it is transferred to a plan sheet containing the topography, it
will then show the relationship between physical objects and location of stationing or

intersecting lines.

Ties

Finding the end points, or any other point in between, relies on the ability to
physically locate the points with certainty in all weather or field conditions. A point is
found through the use of identifiable features from which exact distances can be
measured, resulting in the desired point location being established at the crossing or
intersection of measured arcs from the Tie. A Tie is normally set by the survey crew. It
is common practice to set more than one tie for each point to be used in establishing the
alignment, since a singular tie can easily be eradicated. A Tie can be a paint mark, a

chiseled mark on the lid of a drainage structure or on a curb. It can be a nail or grouping
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of nails in a pavement, in a utility pole or on a tree. It can be a fence post, a buried rod
or a corner of a building. A Tie can serve two points, but the distinction between the
two uses would be defined by the distances to the tied point. The depiction of a Tie can
be photographic or drafted, depending on the survey methods used. Ground control for
a project might be set years before a project is designed. It could be affected by utility
work or ancillary improvements that are unforeseen by the agency requesting the
proposed project. In the case of the use of objects such as trees or fences, it is not
unusual for a Tie to be unrecoverable at the time that design surveys are done.

The description of a Tie often originates with the survey crew. Directions can easily
be mis-interpreted, such as “the southernmost corner of the north landscape timber”. In
the event that the directions were inadvertently reversed, a pictorial view of the Tie and
the surrounding topography will clarify the intent.

Ties are shown on an Alignment and Ties sheet against the background of all relative
topography, normally acquired by survey methods. The Tie could be provided with
coordinates, lengthy descriptions as in the case of a foundation for a specific sign or a
tree in a wooded area. The names of streets and the nature of the ground surface —
gravel, shoulder, pavement or sidewalk - are required to orient the construction layout
crew attempting to find the ties.

A tie can also be used to assist the layout of a proposed construction item. A tie may
be given to a proposed back of curb, edge of pavement, center of construction or center
of right of way. All references to a Tie are not interchangeable.

Sample Alignment and Ties Sheets are shown in Figures 10 and 11.
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The Traffic Control Sheet

Construction of a project can take place by closing a road, shifting traffic to one side
or another of an existing facility, using temporary pavement or a partial detour. Work
can take place under traffic conditions, requiring the movement of construction vehicles
within the existing traffic. While it is relatively simple to declare that the intent of the
improvement is to maintain the existing traffic flow, it is inevitable that traffic might be
delayed due to the construction operations, which in turn can delay the timely delivery
of construction materials such as concrete and asphalt. For many clients and agencies,
the traffic control and stages presented in the plans are offered as one logical sequence of
operations. The successful bidder that is awarded the contract may be allowed to
submit an alternate solution. Acceptance or rejection would be at the option of the
awarding or funding agency. In some instances, the bidder is invited to submit their
own approach to traffic control. This is at the option of local jurisdictions, and may have
further legal implications regarding public safety, interpretation and intent.

Traffic control or maintenance of traffic is typically shown on sheets which display
the existing project topography. The scale of the drawing is established by the client.
Some prefer smaller scale drawings and symbols, while others prefer larger scales and
exact detailing to avoid any misunderstanding that might need to be clarified through a
legal process. The control of traffic through a construction zone requires a variety of
traffic control devices, including signs and pavement markings, temporary guardrail,
barrier wall, barricades and impact attenuators. The speed limit to be maintained
during construction will affect the geometry and locations of the placement of traffic

control devices.

Construction Sequencing or Staging
The initial configuration of traffic in a project location is sometimes referred to as the
“pre-stage” condition. Sheets which show this situation will allow the bidder to

ascertain how the existing traffic is handled, where access to the construction site may
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take place and what work is needed to prepare the site for the first stage of construction.
This “pre-stage” work might include advance signing, construction of temporary
pavement and modification of existing facilities such as signs, driveways, utilities and
traffic signals. Presentation of the existing configuration can also aid in determining
whether the work zone or project site can be accessed from within the existing traffic
lanes or from an external location.

A project may have a number of stages required in order to complete all of the work
required. The Construction Staging sheets typically show the configuration of the traffic
lanes and the resulting work areas available in order for construction to take place. Each
Construction Stage sheet would represent an end result condition rather than an interim
condition. For instance, barricades and pavement markings that would need to be
removed or relocated might be labeled with information describing lengths affected and
dimensions required, and then these items would be shown in the desired position. The
methods of achieving the relocation are left to the contractor, typically under the
directive of a General Note assigning all safety provisions to the contractor. Local legal
jurisdictions and maintenance operations such as accident response, roadway repairs
and snow removal will prevail on each project.

Each Construction Stage normally carries the same number of lanes of traffic as the
previous stage. A reduction in the number of lanes of traffic might make the
construction operations easier, but the resulting negative impact on the traffic would
also affect the arrival rate of construction materials to the job-site.

The affected limits of the project and any impacted areas beyond the work limits
would be shown in the sheets for each construction stage. Some clients would prefer to
show all of the project area irregardless of whether there is any work, since the sheets
provided would allow the contractor or the client to use the sheets in the event that an
alternate staging sequence is selected, or if there are unforeseen events such as weather
or labor-related interruptions that could suspend work and require an interim routing of

traffic through the project area.
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The depiction of the final configuration of the traffic lanes can be achieved using a
construction stage or by reference to the proposed pavement marking sheet. The sheet
showing the final Construction Stage would also be used to address any utility work,
landscaping, signing, restoration of parking and driveways, or removal of temporary
pavement prior to completion of the project and transfer of maintenance of the facility
back to the client.

The final activities of the traffic control work will often include the repair and
restoration of all shoulders used to stage traffic, the cleanout of all drainage
appurtenances that would have received runoff from tracked mud, and the removal of
all temporary areas such as construction staging and accident investigation sites. This
additional work could be somewhat hidden from the calculation of a cost estimate,
which emphasizes the need for close coordination between all members of the design
team.

Each type of infrastructure project will have different impacts on the movement of
goods and services through the area. An underground utility installation might be
performed with minimal impacts to the adjacent roadway, but it might have a
substantial impact on pedestrian traffic. A parking lot improvement might result in the
displacement of vehicles that might be forced to find temporary parking within the
surrounding neighborhood. A roadway project might include a detour that
unintentionally affects business traffic in locations far removed from the work zone. For
these reasons, the client might have input to the project that could add a stage of
construction or revise the order in which work is performed. Close coordination and
communication will help in these matters. An infrastructure improvement might be met
with profound objection if the project results in the loss of local business, access, routine
functions such as mail delivery and garbage collection, or emergency services.

A sample Construction Sequence Sheet is shown in Figure 13.

Sample Traffic Maintenance Sheets are shown in Figures 14 and 15.
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The Plan Sheet

A plan view can be prepared for most types of infrastructure work.

A plan view of the geometrics, alignment, dimensions and components of the
existing and proposed roadway is presented for a roadway project in the Roadway Plan
Sheet. The preferences of the client might favor an attempt to show both the existing
and proposed views on the same sheet for direct comparison between the two
conditions. The scale of the drawings or the width of the right-of-way might prevent
this type of presentation.

The Roadway Plan Sheet is intended to contain the majority of the information
necessary to describe the intent of the proposed improvement. This would include
location data such as: a centerline, survey line, construction limits, grading limits,
removal limits, station and offsets or dimensions for all physical elements to be found
within the project limits. Geometric information such as curb returns, centers of
driveways, corners of sidewalks, edges of pavement and match lines for intersecting
pavements will typically be shown. Each line represents some item to be found or
constructed, from fences and driveways, intersecting streets and medians, to curbs and
shoulders. Every tree, building, gate or garden, mailbox, sandbox and park bench to be
moved, replaced or left untouched will be shown.

An infrastructure project such as a canal or a sewer line can be illustrated using a
plan view, similar too a roadway project. All three types of projects involve the
construction of various items of work beginning at the visible surface of the ground.

Pipeline projects that are constructed far underground without using open cut or
trenching can also be displayed using a plan view, since it might be desirable to avoid
crossing certain types of properties with the pipeline without having an agreement with
the property owner. For instance, a pipeline might cross a water-bearing aquifer or
intersect a well point without intending to do so. Having a plan view that displays all

topographic features will assist in avoiding complications during construction.
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The location of the proposed improvements can be referenced by coordinates, offsets
to existing features, distances from an established monument or control point, or by the
use of stationing from a centerline, survey line, construction or control line.

Limits of a project might be defined at the beginning of paving, the start of grading,
the ends of pavement marking or the extent of erosion control. The limits can be labeled
in a particular manner depending on the preference of the client.

The Plan Sheet serves as the origin of many of the items shown on the Schedule of
Quantities, particularly the paved items of work. The existing plan view shows the
nature of the project site anticipated to be found at the beginning of construction. The
proposed plan view shows the ultimate condition anticipated to be completed through
the use of the various stages of construction. Mailing addresses of buildings are often
provided to assist in orientation for layout of the project. Client and agency preferences
will determine whether items are measured, stationed, dimensioned, or related to the
various types of survey or control lines. The number of significant decimal places
provided for the location and offset of a point will be unique to the particular agency
and the type of work. For projects involving rough grading and a gravel road, a
measurement to the nearest half-foot might suffice. Other projects involving paved
items might require that coordinates be measurable to six decimal places. In most cases,
the plan view will show the information necessary to tabulate the work to be performed.

Plan notes may often be included on the Plan Sheet. A plan note might simply
indicate that all work is to be performed to the satisfaction of the Engineer. In some
jurisdictions, the Engineer does not have the contractual authority to approve work that
is performed. In other situations, approval of work is the responsibility of the
department or authority that will inherit the maintenance of the constructed facility.

A plan note might be inserted to allow the contractor to adjust the length of a
constructed item to match the field conditions prevalent at the time of construction,
indicating that some activity was underway at the time of survey or topographic
acquisition that prevented an accurate measurement of the location or site at which a

proposed item of work is to be performed. This is often the case when aerial

© Jack Schmitt Page 560f 69




www.PDHcenter.com PDH Course C233 www.PDHonline.org

photography is used to acquire the topographic view for use as the plan sheet. In all
cases, it is essential that the plan note not contradict the General Notes.

The project limits shown on the various plan sheets will need to match the limits
shown on each type of work, as well as on the Title Sheet, the Cross Sections,
Landscaping and the Erosion Control sheets.

A comparison of the topography used to show the Ties and the topography used to
show the existing plan view will often appear to be mismatched. This could be a result
of the source or methods of the topographic survey or data acquisition, and is a common
source of discussion during plan reviews. The survey ties might be set prior to the
acquisition of design topography, and certain elements such as trees and fences can be
removed or be repainted to obscure a tie. The expenditure of last-minute labor to clarify
or verify topography can be prevented by an early check of the topographic data. The
inclusion of updated utility data can also affect the symbols used for items such as
manholes, valve vaults and junction boxes, which are often used as ties, based on the
anticipation that these items will not be moved and will represent recoverable objects
that can be found during construction.

Work to be performed “By Others” will need to be clarified in order for the intended
party or agency to be notified in a timely fashion, without incurring delays on the
project.

A sample Roadway Plan Sheet is shown in Figure 17.
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The Profile Sheet

In addition to the horizontal geometry presented in the plan view, a roadway or
paving project will be subject to vertical design criteria, which is expressed in terms of
lengths of parabolic curve and super-elevation. These design elements are usually
found together with the profile of the existing ground along the centerline of the
improvement, on the Profile Sheet. Some agencies will request that this profile be
presented on the same sheet as the Roadway Plan. Depending on the width of the
project and the scale of the drawing, this request might not be possible to fulfill. Other
agencies use the Profile Sheet to display a variety of information such as: the ground
elevations along the right-of-way line, the profile grade line, location of unsuitable
material, the location of driveways and the edge of pavement at intersections. The
Profile Sheet can also be used to display ditch lines, gutter lines and sewer profiles.
Bridge omissions are indicated where the profile is to be controlled by sheets contained
within the grouping of structural plan sheets.

In order to ensure that the project presents a smooth transition between the existing
top of pavement and the proposed paved surface, a length of existing profile is often
provided beyond the project limits.

The profile of the existing ground can often cross open water, streams or channel
lining such as rip-rap or broken concrete. Notation or symbols can be used to define the
nature of the ground in order to ensure that a proposed item of construction matches the
intended end point. A paving terminus that ends at a bridge or at an unpaved section of
roadway would be constructed in a different manner than a terminus that ended at a
similar paved segment of road. A ditch flow-line that ends at a rip-rap section of
channel might need to be revised if it is shown connecting to the top of a pile of rip-rap.
A situation such as this would result in the expenditure of additional labor and could
require recalculation of ditch hydraulics, re-setting of structure inverts or revisions to
cross sections, grading and earthwork.

A sample Profile Sheet is shown in Figure 18.
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The Drainage Sheet

The surface runoff is collected and conveyed to the sub-surface drainage system
along a paved gutter, or along a ditch. Information necessary for the construction of
drainage-related items is sometimes shown on the plan view sheet. However, the extent
of notation required to convey all of the data required to ensure that the intent of the
designer is communicated clearly to the layout crew, the contractor and the construction
inspectors often necessitates the use of a separate sheet, most commonly labeled as the
Drainage Sheet.

As in the case of the roadway view, the drainage view would involve both the
existing and the proposed conditions. Coverage of topography beyond the anticipated
ends of the roadway improvement would be essential. The existing view can show all
sewers, culverts, collection structures, ditches, swales and bodies of water that are to be
affected by the construction operations. It can show grading that conveys overland flow
into or out of the project site, and can also show existing underground utilities that
might be impacted or might need to be protected during the construction of drainage
systems and appurtenances. The proposed view would show the drainage items that
were constructed, the existing items that have been relocated, connections to existing
drainage systems or outfalls and the final condition of any overland flow patterns. The
sheets match each consecutive sheet using stationing or reference lines similar to other
plan sheets. However, since drainage work might not follow the same centerline as the
roadway improvements, the topography along the route of a proposed sewer or ditch
might not be the same as that for the roadway. It is not unusual for the drainage portion
of a project to require separate alignment and ties, benchmarks and stationing.

Drainage design might proceed based on the typical section, the profile and a
rudimentary understanding of the regional storm water conveyance systems. The
project limits for drainage work may extend beyond the limits of paving or other work,
since an outlet for a sewer may be located a distance away from the paving activities.

This may necessitate a return to the field for additional surveys beyond those needed for
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the roadway improvements. The construction of the drainage work might entail the
need for traffic control or staging that is different from that needed to pave.

Many clients and most design teams would prefer to have their project present an
aesthetically pleasing view from the road. This would require that above-ground
appurtenances such as fire hydrants, trees, signs and light poles are arranged in linear
fashion along the roadside. Given the constricting nature of narrowed parkways in
urban areas, often complicated by the inclusion of a sidewalk, the available horizontal
area remaining for erection of appurtenances is limited. Contradicting or conflicting
placement of work items, albeit unintentional, is almost inevitable if each team’s input is
isolated.

In order to avoid revisions to the plans during the final phase of the project, the
various design teams will benefit from close coordination to ensure that a seamless
presentation of the work is submitted to the client. The need for additional survey,
structures, utility adjustments and construction staging might only become apparent
when the design work from the various disciplines is compiled into one complete set of
plans. The outlet system for the footing drains on a retaining wall or abutment might
need to be addressed using a ditch or a drainage structure that would not necessarily be
part of the roadway surface runoff collection system.

The intended relationship between the back of curb, the edge of pavement, the
center of structure and the center of frame or lid will need to be clarified in order to
avoid excessive adjustment during layout and construction.

The staging of construction of underground facilities such as drainage items, or any
pipeline conveyance system, becomes critical when pavement removal or placement of
embankment is involved. For instance, if a section of pavement is to be broken and
seated, and if a section of sewer or pipeline is to be placed in the vicinity, or under the
pavement that is to be broken, the operations will need to be coordinated. If an
embankment is to be built and sewer or pipeline is to be constructed in the same
location, coordination will be necessary. It is situations such as these which occur

unintentionally, but lead to contradictions and delays during construction. Claims may
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also occur if the exact sequencing shown in the plans leads to damage to the
underground facility.

Activities such as pile driving, sheet wall or slurry wall construction, test strip
paving and erosion control measures can also involve close coordination between
several disciplines in order to avoid construction delays.

The presence of a manhole at the property line or at the limits of a proposed
improvement can be an indication that excavation will encounter underground facilities
that will be affected by the proposed improvement, even though such was not the
intention of the project. A field visit together with a close review of the topography will
avoid last-minute efforts to redesign or relocate a segment of sewer.

A sample Drainage Sheet is shown in Figure 19.
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The Construction Detail Sheet

Many agencies, municipalities and private clients have lists of standardized
drawings that are to be used as a control for the construction of items such as pavement
joints, roadside appurtenances and structural features. The list could include driveways,
drainage structures, fence, ornamental lighting, and urban enhancement such as
benches, planters and shelters. For some projects, the standardized drawing might not
be applicable in all situations. This would require the preparation of a drawing that
shows the particular elements of an item that differ from the standardized drawing.
This could be different dimensions, different materials or a completely revised design
that is preferable to the standard. For some situations, a detail might be based on
literature or photos of a new product that is available and suitable for a project. Other
situations require that the intent of the designer be presented in a sketch to serve as a
guide for the construction of a special case that has not been encountered in previous
projects.

Many agencies that have a library of standardized drawings would prefer that their
designs be used on their projects, and not be considered to be interchangeable in all
conditions. Labor and design time can be preserved based on a discussion with the
client regarding the use of standards from other agencies.

For details prepared by a designer, the center point or a designated corner of an
object would need to be identified in order to perform construction layout.

A sample Construction Detail Sheet is shown in Figure 22.
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Miscellaneous Sheets

Every project is unique. In addition to the basic plan, profile and typical section
sheets, supported by standard drawings for frequently constructed items, the designer
may need to provide additional instructions to the contractor. This is done through the
use of specialized sheets such as Removal plans, traffic signal equipment and conduit
layout, intersection details and pavement joint layout sheets. These sheets might require
the design input of engineers who possess skills derived from formal training or years of
focus in a particular area of expertise.

The miscellaneous sheets would be referenced from the plan view location where
they are applicable. The scale of the sheets could be different, but the dimensions and
location of existing and proposed items would be the same.

Some agencies rely on publications that represent acceptable methods or procedures
to be followed for the construction of items that have a more direct affect on the public,
such as water main and sanitary sewer systems. Labor by a specialized engineer can be
costly, and best minimized or focused with certainty. Once the labor is expended, it
cannot be recovered if it is found that the client had a particular design guideline in
mind. The client’s use of publications might not be part of the agreement for services or
the scope of work. It might be assumed that the engineer is familiar with standard
practices. This situation might not be discovered until a submittal is made, which could

result in additional labor. A sample Miscellaneous Detail Sheet is shown in Figure 23.
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