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Chapter 3  Facilities Development Process
Section 10 Investigation

FDM 3-10-1 Operational Planning Meeting February 4, 2005

Investigation activities can begin as soon as the Project Concept definition is agreed upon. An early step in the
Investigation Phase is the Operational Planning Meeting. This meeting is normally conducted by region staff
with representatives from region functional areas, the Bureau of Project Development, local governments,
consultants, utilities, railroads and others who may be actively involved in project development. The meeting has
the following objectives.

1. To determine responsibilities, initiate development, and establish target completion dates for
preparation of appropriate environmental documentation.

2. To determine responsibilities for preconstruction engineering and right-of-way activities, and to
establish target completion dates based upon the extent of anticipated work effort.

3. To assess the level of outside agency involvement and to initiate appropriate coordination activities.

4. To review the community’s values, concerns, ideas and vision for the transportation project. Consider
such things as project impacts, traffic capacity and operation, pedestrian/bicycle accommodations,
access management or modifications, etc.

5. To present information from any previous public involvement meetings held during the planning and
scoping phases of the project and to determine responsibilities for implementing the rest of the public
involvement plan and to establish target dates for appropriate public hearings, future informational
meetings, etc.

6. To determine responsibilities for development of the traffic control plan to be used during construction.
This is particularly true on local projects with detours that the local authorities must develop.

7. To determine what utility or railroad facilities exist in the project area and to determine responsibilities
for utility and railroad coordination and potential alterations.

The format of an operational planning meeting can vary depending on the type of project and the individuals
involved. Typically, the results of the meeting are summarized in a brief memo to the project file.

Attachment 1.1 is a suggested format for recording the results of an operational planning meeting.

Additional meetings or conferences are held throughout the facilities development process at the discretion of
the parties involved to assure coordination of activities and responsibilities and to reach concurrence on various
aspects of the proposal.

LIST OF ATTACHMENTS

Attachment 1.1 Operational Planning Meeting Fact Sheets Template

FDM 3-10-5 Public Involvement March 28, 2014

Community sensitive design is a philosophy of involving the “community” affected by an improvement project
early in the design process. See EDM 11-3-1 for more guidance on community sensitive design.

During the Investigation phase, informational meetings are used to explore in more detail the impacts of the
alternatives on the community. At the informational meetings:

- WisDOT reports: “These are the possible alternatives considering safety, mobility, and community
impacts. Is there anything in the project scope that we may have missed?”

- Community reports: “This is how the possible alternatives affect what is important to us.”

The goal of a public meeting held during this phase is to hear from the community on how the alternatives meet
or fail to meet the project scope. Additional alternatives may be suggested by the public and discussed at the
meeting.

See Chapter 6 for more guidance on public involvement.
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FDM 3-10-10 Data Gathering

December 21, 2010

At the Data Gathering step of Investigation the region design team is assembled for the project. Under the
direction of the project manager, data gathering efforts are initiated in accordance with the project development
goals established during the Scoping Process and the Operational Planning Meeting.

Table 10.1 lists potential data collection activities and sources for different types of projects.

Table 10.1 Data Gathering Activities and Sources

Highway Improvement Type Source of Data and
Data Comments
Gathering . .
Activity Resurfacing Pavement Re- Re- Expansion Bridge Bridge Re-
Replacement | conditioning | Construction Rehabilitation | placement
Traffic
Forecast X X X X X X See below
Survey and See FDM 9-5-15 and
Mapping X X X X X X X FDM 9-43-1
Define: Past
improvements
; existing . .
alignment; X X X X X X X rSeZ?O?S'Bum Plans in
existing ’
pavement
structure
See region soils unit.
See Bridge Manual
Soil o X X X X X Sectiqn 6.2 if projgct
Investigation contains large drainage
structures to be
replaced.
Metamanager Safety
Crash History Module, and Crash
Analysis X X X X X X X Reports (from Region
SPO) Section
Public See Chapter 6 and
Involvement @) X X X X ) X FDM 11-3-1.
See region SPO section.
Indicates how the
. highway is operating.
Operating X X X X Can be used to justify
Speeds | . >
owering speed limits
and maintaining existing
design features.
See FDM Chapter 7 and
FDM 11-5-5 and FDM
Access 12-15-5. Review existing
Controls X X X X X R/W Plats, Title
Searches and Driveway
Permits.
Required for developing
Hazardous environmental
Waste X X X 2) assessments and
assessing alternatives
Tax records and Title
Research Searches. Provides
Land ) X X X X mformatlc_:n needed to
Information develop right-of-way
Record plats and to assess
design alternatives
Environmenta Data gathered in
| Social. and preparation of the
! . X X environmental
Economic
base data assessment. See
FDM 21-15-1
http://wisconsindot.gov/
Pages/travel/bike/bike-
Bike Plan maps/default.aspx for
Maps X X X X X X X planned rural routes.
See FDM 11-20
Attachment 1.1 for urban
projects

(1) Though formal public informational meetings may not be held, sending letters to property owners and other stakeholders

is a good tool for soliciting input and collecting data.
(2) Scope of project may require hazardous waste investigation.

The data gathered is assembled and correlated by the design team consistent with the projects objectives. These project
data will serve as the basis for the development of alternatives during the next process step.
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Best Practices

Early in the Facilities Development Process, the project leader, plat preparer and an environmental agent should
field review the project area. Special problem areas should be videotaped. Use the photolog when back in the
office.

Research land information records and tax records early in the Facilities Development Process. This facilitates
the plat preparation process and helps keep projects on schedule.

10.1 Travel Demand Forecasts

Project level traffic forecasts are developed by the Transportation Forecasts and Analysis Section. The goal is to
provide region and central office staffs with reliable and accurate traffic forecasts statewide from county trunk
highways to the interstate system. Traffic forecasts are used in several ways.

1. Determining appropriate highway and bridge design standards.

2. Designing pavement structures.

3. Evaluating levels of service and lane configurations for project alternatives.
4. Analyzing environmental issues like air quality and noise.

5. Evaluating alternative alignments.

Attachment 10.1 is the TRAFFIC FORECAST REQUEST form (DT1601) that should be used to request a traffic
forecast. An explanation of information to provide to the Transportation Forecast and Analysis Section is located
in the Data Collection Techniques Section of this procedure.

Attachment 10.2 is an example of a TRAFFIC FORECAST REPORT. This report may be used to show
forecasted mainline traffic. If the turning movement percentages have been determined for each lane of each
approach to an intersection, then the projected traffic with the turning movements can be computed by the
region using the design values & truck percentages shown in the box in the lower left corner.

Attachment 10.3 is an example of PROJECTED DESIGN HOUR TRAFFIC VOLUMES (DHV) for each approach
movement of an intersection. The Travel Forecasting Section obtains information from the region as to the
appropriate design K factor to use in the forecast and the turning movement counts, that have been collected
manually. The Transportation Forecast and Analysis Section uses turning movement counts, region designated
design K factor, along with the historical traffic data available and land use data to provide the projected traffic
with the turning movements shown. List all intersections where the DHV with turning movements are required in
the space provided at the bottom of the TRAFFIC FORECAST REQUEST form.

10.1.1 Data Collection Techniques

The type of project being designed will dictate the data collection requirements that should be submitted with the
TRAFFIC FORECAST REQUEST form. For example, a "Pavement Replacement" project with no intersection
improvements, would require data which includes items 3, 4, and 5 listed below. A "Reconstruction” project with
intersection improvements, to include signals within the design life of the project, would require data which
includes items 1 through 6 and 8 through 10. Item 7 is for major relocations such as a community bypass. Item
11 is for selected projects where investigation of travel patterns is needed.

1. Existing land use data. A sketch showing existing generalized land uses by type (e.g., residential,
office, vacant, school, agricultural, commercial etc.) adjacent to the project forecast (i.e., regions
should identify land use by contacting the local community, county or regional planning agencies, if
they are not familiar with the land use).

2. Future land use data. A sketch showing new or anticipated land development/zoning that may
significantly impact traffic generation along the project section within planning/design period. Contact
local municipalities, regional planning organizations or county planning departments to obtain
documentation verifying current or future zoning or other long-range planning goals.ldentify any other
planned major roadway improvements in the impact area. (e.g., site impact analysis - specify on the
sketch the type of development, the year the development is expected to occur and at least one of the
following for each proposed development: square footage, number of employees, developable
acreage, number of dwelling units or student enrollment whichever is the most appropriate for the
specific development. This information is useful to determine trips generated from the land use
proposed. Land use plans are typically available from local communities, counties, Regional Planning
Commissions (RPC's) or Metropolitan Planning Organizations [MPOs]).

3. Historic Annual Average Daily Traffic (AADT) volumes from short term coverage counts and/or
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Automatic Traffic Recorders (ATR's), continuous volume counts.
4. A county or municipality map, showing project location and project termini.

5. A copy of the concept definition report, if available, to detail project type and number of design
alternatives under consideration (e.g., interchange design layouts).

. Previous traffic forecast, for the specified project or intersecting highway projects (completed within the
last three years).

. Draft or Final Environmental Impact Statement from a previous large-scale project that encompasses
the current project being considered. Examples are excerpts from an EIS for a corridor study or
community bypass analysis. These macro forecasts can be refined to create detailed traffic forecasts
for a specific portion of the overall project.

. Special/Additional Traffic Counts, (automatic tube counts) for mainline and intersecting highways only
if other specific count information is not available.

Duration: 48-hours for intersections, interchanges or typical situations. The tube counts should occur
over the same time period that the manual coverage count is conducted.

This duration could extent to seven-days for specialized project locations like shopping malls, casinos,
university centers, etc. which would better reflect weekday and weekend traffic volumes.

Days of Collection: Typical weekday between Monday noon and Friday noon (exception is the 7-day
count for specialized projects)

- Monday noon to Wednesday noon - 48 hours

- Tuesday noon to Thursday noon - 48 hours

- Wednesday noon to Friday noon - 48 hours

Equipment: Time incremental traffic volume recorders such as TC-3 counters, PEEK, etc. to collect
volume only tube counts (e.g., each leg of an intersection. At interchange ramps, collect entrance and
exit volumes. For special generators such as shopping malls, casinos, universities collect ingress and
egress points).
Resource Requirements
Intersections: (locate tubes close to the intersection)

-Three Legged: three TC-3 counters (collect data on each approach and departure)

- Four and Five Legs: four or five TC-3 counters respectively (collect data on each approach and
departure)

- Non-intersection/Mid-Block Location: for 3-lane or 5-lane facilities with an exclusive left turn
median manual turn counts collected by one person (reference NCHRP Report 282)
Interchanges: (locate tubes as shown on Attachment 10.4)
- Diamond: nine TC-3 directional counters
- Partial Cloverleaf: eight TC-3 directional counters
- Trumpet and Y: six TC-3 directional counters (volume only)
- Clover Leaf: twelve TC-3 directional counters (volume only)

- Directional: eight TC-3 directional counters (volume only) (or one directional counter for each
ramp and leg)

. Vehicle Classification Counts: (automatic tube counts) conducted in conjunction with special traffic
counts and should be collected whenever possible to increase project design accuracy with collection
following the procedures described below:

Operational Requirement: minimum travel speed over the tubes is 35 mph for equipment to register
the data.

Duration: 48-hours for typical situations and 7-days for specialized project locations (consistent with
special traffic count procedures outlined above).

Days of Collection: typical weekdays between Monday noon and Friday noon or for 7-days on
specialized project locations.

Location: dictated by posted/vehicle free-flow operating speed and area where
acceleration/deceleration is minimal
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Equipment: Time incremental traffic volume recorders such as TC-3 counters, PEEK, etc. to collect
both volume and vehicle class with tube counts only.

10. Vehicle Turning Movement, Pedestrian and Bicycle Counts (manual counts).

Vehicle turning movement counts are required for traffic forecasting and capacity analysis to
determine the most appropriate geometric design of an urban (or possibly in a transition area between
urban and rural) intersection or interchange (e.g., length of turning bays desirable, number of lanes for
exclusive turn lanes, etc.). Seldom is this level of detail required for a rural intersection.

Pedestrian counts are required for capacity analysis of signalized intersections.
Bicycle counts are required for design/determination of intersection bike lane or bike way.

Duration: Data should be collected on the same day over one of the following durations.
- 8hours, 10 am to 6 pm
- 12 hours, 6 am to 6 pm
- 14 hours, 6 am to 8 pm
- 16 hours, 6 am to 10 pm

The choice of a duration depends on the type of land use adjacent to the highway corridor or
surrounding the intersection.

Days of Collection: Tuesday, Wednesday or Thursday avoiding special events.

Normal Practice: take a 16-hour manual turning movement count on the same week-day for two
consecutive 8-hour periods, 6am to 2pm and 2pm to 10pm; if budget or personnel constraints impact
collection then decrease duration to include at a minimum 8 hours to cover the PM peak period. Each
count should provide hourly summaries for all time periods as well as 15 minute totals for 6:00 to
9:00am, 11:00am to 1:00pm and 3:00 to 6:00pm time periods (15 minute counts and duration of total
counts may vary by location).

- Equipment: TITAN boards (or other) with vehicle class and directional turning movement
templates.

- Personnel: Generally one person can provide accurate turn count information at the majority of
intersections in rural or small incorporated areas of the state. However, in many urban areas
traffic volumes exceed the capability of one person. The count information should include; total
vehicle counts with all turning movements, truck (six tires or more on the ground) and bus totals,
pedestrian and bicycle totals. Table 1 is a guide for the number of personnel necessary to
collect accurate traffic information.

Table 10.2 Personnel Guidelines For Manual Turn Counts

Total 24 Hour Total Hourly
Person(s) Approach Volume Approach Volume Other Considerations
1 <25,000 vpd < 2,500 vph Less experienced personnel
1 <35,000 vpd < 3,500 vph Experienced personnel
2 25,000 - 55,000 vpd 2,500 - 5,500 vph Experienced personnel
2+ > 5,000 vpd > 5,500 vph Experienced personnel

Additional persons may be necessary when reasonable observation locations are limited or the
intersection operates with double turn lanes or high pedestrian/bike volumes are observed and
pedestrian/bike counts are requested. The count person should prepare an inventory sketch of the
intersection to include general geometric lane configuration, parking, bus stops, adjacent land use in
each quadrant and driveway locations within 200 feet of the intersection approach.

Each side of an interchange should be counted separately but on the same day. Prepare one sketch
illustrating the combined volume count information between the interchange ramps and at the ramps.
11. Origin-Destination Surveys (used for selected projects)
- Community Bypass Proposal Study
- Interchange Location Feasibility Study
- Bridge Crossing Alternatives Study
- Local Cost Sharing Studies
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The recommended approach is to conduct an Origin-Destination(O-D) survey to analyze current year
travel patterns by vehicle type to derive: a traffic diversion percentage; travel patterns and volume
analysis; and the percent of local versus through trips. This may vary considerably on recreation
routes for in-season and out-of-season time frames. The preferred and recommended Origin-
Destination(O-D) procedure involves conducting a roadside interview of motorists for an eight hour
period to capture either the AM peak period (6am to 2pm) or the PM period(10am to 6pm) on a typical
weekday between the months of May and October with an alternate O-D survey technique being a
card handout/mailback.

The Travel Forecasting Section will make the requested analysis and return their findings to the
region. It is important for the designer to check the projections against the original data for
reasonableness of volumes changes. Typically the traffic volumes will increase approximately one and
one-half to two and one-half percent per year, depending on location.

LIST OF ATTACHMENTS

Attachment 10.1 Traffic Forecast Request Form (DT1601)

Attachment 10.2 Traffic Forecast Report (Revised)

Attachment 10.3 Example of Projected Design Hour Traffic Volumes (DHV)

Attachment 10.4 Locate Tubes

FDM 3-10-11 Metrics As Built Plans October 26, 2015

11.1 Introductions

For a period of time in the 1990’s and early 2000’s WisDOT converted its highway design and construction
operations to metrics. As a result, there are numerous metric AS BUILT plans. This procedure is intended to aid
designers in reviewing metric plans. It contains basic descriptions of the units, conventions for writing the terms,
and conventions for rounding and converting from the U.S. system.

WisDOT used a version of metrics known as the International System of Units (SI). An international standard,
called “ASTM E380,” provides guidelines for the proper use of SI metrics. WisDOT used that standard, except
that American spelling of “liter” and “meter” were used, rather than the French “litre” and “metre.”

Note: This procedure was moved from FDM 11-1-3 and revised.

11.2 The Basics

All units are based on decimal mathematics. A kilometer is 1000 meters and a kilogram is 1000 grams (you will
understand later why there are no commas). Here are some basics that apply to highway design:

1. Meter (m): The basic measure of distance in the metric system, a little longer than a yard.
. Liter (L): The metric system's basic measure of liquid, a little larger than a quart.
. Gram (g): For weighing small quantities. A paper clip weighs about a gram.

. Time (s): The second, the basic measure of time, remains the same as in the U.S. system.

a A WO DN

. Temperature (°C): The basic unit of temperature is the degree Celsius. This scale defines the
freezing point of water as 0°C and the boiling point as 100°C.

6. Angles: Although the radian is the metric unit of angular measure, WisDOT will continue to measure
plane angles using degrees (°), minutes (‘) and seconds (*).
11.3 Terminology

11.3.1 Special Units

These basic metric units have been used to develop special units of measure to describe other measurable
attributes.
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Table 11.1 Special Metric Units

Measurable Attribute Unit Symbol Expression
Frequency of periodic phenomena hertz Hz Hz = st
Force newton N N = kg'm/s?
Energy or work joule J J=Nm
Power waltt w W=J/s
Pressure or stress pascal Pa Pa = N/m?

11.3.2 Derived Units

Other measurable attributes can be expressed as combinations of the metric units listed above rather than

creating more special units. Some of these are defined below:

Table 11.2 Derived Units

Measurable Attribute Unit Expression
Acceleration Meters per second squared m/s?
Area square meter m?
Density kilogram per cubic meter kg/m?3
Velocity meters per second m/s
Volume cubic meter m?3

11.3.3 Multiplication Factors

Sometimes, the units shown above are too large or too small to be practical for use in engineering calculations.
To remedy this, metrics uses a series of prefixes to adjust the order of magnitude of its units. Some of the more
common prefixes are listed below.

Table 11.3 Common Metric Prefixes

Prefix Symbol Order of Magnitude Examples

mega M 1 000 000 megapascal (MPa), megagram (Mg)
kilo k 1000 kilogram (kg), kilometer (km)

milli m 0.001 millimeter (mm), milliliter (mL)

11.4 Conversion Factors

The factors listed below are intended not only to allow the conversion of U.S. values to metric, they also give

designers and surveyors a feel for the magnitude of metric units as compared to their U.S. counterparts. You will

note that the metric unit "centimeter" does not appear in the conversion factor tables. The Sl system does not
recognize this as a standard unit of measure. Therefore, the unit "centimeter" will not be used in WisDOT

projects.
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Table 11.4 Conversion Factors (based on US Survey Foot*)

Class Multiply By To Get
Length in 25.4 mm
U.S. survey ft 12/39.37** m
yd 36/39.37 m
mi 1.609 347 km
Area ft? (12/39.37)? m?
yd? (36/39.37)2 m?2
acre 4046.873 m?
acre 0.404 687 3 hectares (ha)
mi2 2.590 00 km?
Volume fts (12/39.37)3 m3
yd® (36/39.37)° m?3
gal 3.785 412 L
acre ft 1233.489 m?3
Mass Ib 0.453592 4 kg
ton 0.907 184 7 Mg
Mass/unit length Ib/ft 1.488 161 kg/m
Mass/unit area Ib/ft2 4.882 408 kg/m?
Density Ib/ft3 16.018 37 kg/m?3
Ib/yd? 0.593 272 9 kg/m3
Force Ib 4.448 222 N
Pressure psi 6894.730 Pa
Velocity mph 0.447 0409 m/s
Temperature °F (°F - 32) x 5/9 °C

* State Statute designates the U.S. Survey Foot (not the International Foot) as the recognized measure for
length in Wisconsin. The U.S. survey foot is, by definition, exactly 12/39.37 of a meter.

** \When used to convert U.S. coordinates (X, y, and z) or stationing to metric, this factor shall be carried to
ten decimal places or 0.3048006096.

11.5 Conversion Guidelines

11.5.1 General

Conversion from U.S. to metric can be either exact ("soft"), or a suitable approximation ("hard"). A soft
conversion transforms a U.S. value to an exact metric equivalent (e.g., 12 ft x 12/39.37 m/ft = 3.6576073152 m).
A hard conversion transforms the U.S. value to a new, rounded, rationalized metric value that is convenient to
work with (e.g., AASHTO has hard converted the 12-ft lane to a 3.6 m lane).

11.5.2 Significant Digits

A significant digit is a number that adds its own value to a larger number and is not just a place holder. The
numbers 1-9 are always significant so the question becomes - when is zero a significant digit?

A zero is significant in the following situations:
- When it is enclosed by non-zero numbers (1.609 and 7025 both contain four significant digits).
- When it indicates the precision of a larger number.

Example:

58 has two significant digits while 58.0 has three. Caution: Do not add zeros after a decimal point of a
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number unless it can be justified by measurement or calculation. Adding unjustified zeros gives a false sense
of a number's precision.

A zero is not significant in the following circumstances:

- When it is the only digit to the left of a non zero digit. Example: 0.53 and 0.053 both contain only two
significant digits.

- When it is to the left of the decimal point but to the right of the right-most non-zero number. Example:
50 000 contains only one significant digit because, without more information, you can't tell if it has
been rounded to the nearest unit or the nearest 10 000 units.

11.5.3 Rounding and Precision

The conversion of quantities or measurements must consider the relationship between the precision of the data
and the given number of digits. This relationship is known as "implied precision." Implied precision assumes a
number is rounded from one place right of its right-most significant digit.

Examples:

167 m is "assumed" to be rounded to the nearest whole unit so it represents a range of £0.5 m or 166.5 m to
167.5 m.

5.2 kg is "assumed" to be rounded to the nearest tenth so it represents a range of £0.05 kg or 5.15 kg to 5.25
kg.

100 N This number has only one significant digit because you don't know if it has been rounded to the
nearest unit or tens or hundreds. Without any other information the best you can assume is 50 N or 50 N to
150 N.

Sometimes the precision of a number is stated rather than implied and this affects how a number is rounded
after being converted. For example, 125 ft normally is assumed to be rounded to the nearest whole unit and
converts to 38.1 m. Both these numbers have three significant digits. However, if the 125 ft was rounded to the
nearest 5 ft, then it has only two significant digits (the 1 and 2) and the converted value should also have only
two significant digits (38 m). Finally, if 125 ft was rounded to the nearest 25 ft then it has only one significant
digit (the 1) and the converted value should be rounded to only one significant digit (in this case 40 m).

In all conversions, the number of significant digits retained should assure that precision is neither sacrificed nor
exaggerated. The primary rule to remember is maintain the precision of the converted value. As a general
guideline, it is often effective to round the metric value to the same number of significant digits as used for the
U.S. value. However, if this procedure reduces the precision of the converted value then the primary rule should
control.

Examples:

5.2 mi X 1.609 347 km/mi = 8.3686 km round to 8.4 km. The rounded product has the same number of
significant digits as the original U.S. value.

8.6 mi X 1.609 347 km/mi = 13.8404 km round to 13.8 km. The general guideline calls for rounding the
product to two significant digits which would be 14. This, however, does not reflect the implied precision of
the original value (rounded to the nearest tenth). This occurs because the converted value has been
increased in order of magnitude from the whole units to tens of units. So, when the product of the conversion
process results in an increase in the order of magnitude of the new value, then it is acceptable to increase
the number of significant digits so the metric value has the same precision as the U.S. value.

When converting, use a conversion factor that is more precise than required, then round appropriately
afterward. Rounding before multiplying will reduce accuracy.

Example:
Correct: 18.3 gal x 3.785 L/gal = 69.2655 L rounded to 69.3 L
Incorrect: 18.3 gal x 3.8 L/gal = 69.54 L rounded to 69.5 L

When starting with mixed U.S. units (feet and inches, pounds and ounces) express the U.S. quantity in the
smaller U.S. unit before converting to metric and rounding.

Example:
10 feet, 3 inches = 123 inches
123 inches X 25.4 mm/inch = 3124.2 mm (round to 3124 mm)
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When adding or subtracting, the answer must contain no significant digits to the right of the least precise
number.

Example:
163 000
217 885
96 430
477 315 (round to 477 000 because the least precise number is rounded to the nearest thousand)

When performing general multiplication or division, the product or quotient must contain no more significant
digits than does the number in the math process with the fewest significant digits.

Examples:
113.2 X 1.43 =161.876 (round to 162 because 1.43 has three significant digits).
113.2/1.43 =79.160 8 (round to 79.2 for the same reason as above)

11.5.3.1 Counts vs. Measurements

Sometimes a number means exactly what it says. This is true when counting discrete objects such as culverts
or storm drain inlets. You don't deal with fractions of such items; their values will always be exact whole
numbers.

Examples:

2.1 m3 riprap/culvert X 4 culverts = 8.4 m3 riprap. Since the number of culverts is considered exact, the
riprap can be estimated to two significant digits rather than just one.

2.1 m3 riprap/culvert X 9 culverts = 18.9 m3 riprap. Remember the primary rule - maintain the precision of
the value (in this case to the nearest 0.1 m3).

11.5.3.2 Rounding Values
When the first digit discarded is less than 5, the last digit retained is unchanged.
Example:
3.463 25 rounded to four digits would be 3.463; if rounded to three digits it would be 3.46.

When the first digit discarded is greater than 5 or is a 5 followed by at least one non-zero digit, add 1 to the last
digit retained.

Example:
8.376 52 rounded to four digits would be 8.377; if rounded to three digits it would be 8.38.

When the first digit discarded is exactly 5 followed only by zeros, the last digit retained should be rounded to the
nearest even number.

Example:

4.365 rounded to three digits becomes 4.36. The number 4.355 would also be rounded to 4.36 if rounded to
three digits.

11.6 Writing Conventions

11.6.1 Names and Symbols
Unit names are written in lower case (e.g., meter, kilogram, pascal). Exception - Celsius is capitalized.

Most unit abbreviations are written in lower case (e.g., mm, kg, m2). There are two exceptions to this:
- The abbreviation for liter is capital "L" because small "I" could be confused for a number "1."
- Symbols derived from proper names are capitalized (N for newton, Pa for pascal and °C for Celsius).

Unit abbreviations do not end with a period.
Correct: m, mm, km, kg, MPa
Incorrect: m., mm., km., kg., MPa.

Unit names may be expressed in plural but unit abbreviations are not be expressed in plural.
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Correct: 10 kilometers or 10 km
Incorrect: 10 kms
There is a space between a number and its unit abbreviation.
Correct: 35 mm or 250 kg
Incorrect 35mm or 250kg

Exception: There is no space between a number and the degree symbol, for either temperature or angular
measurement.

Correct: 45°18'22" or 28°C
Incorrect: 45 °18’ 22" or 28 °C
There is no a space between a decimal prefix and a unit abbreviation.
Correct: MPa, kg, mm
Incorrect: M Pa, kg, mm

When combining two units, there is a raised dot between abbreviations and a hyphen between full names.
Abbreviations and names are not mixed.

Correct: newton-meter or N(m
Incorrect: newton(m or N(meter

When expressing a quotient of units, use a slash (/) is used between abbreviations but use "per" is used
between full names.

Correct: meters per second or m/s
Incorrect: meters/second or m per s

11.6.2 Numbers

In general, dimensions less than 1.0 meter are expressed in millimeters. Dimensions greater than or equal to
1.0 meter are expressed as meters and decimals of a meter.

Correct: 75 mmor 3.6 m
Incorrect: 0.075 m or 3600 mm

Exceptions: All dimensions on structure plans are expressed in millimeters. When expressing a range of
values that spans the 1.0 m threshold, the unit of measure that best represents the range of values is used.

Correct: 750 - 1050 mmor 0.9-5.0m
Incorrect: 750 mm - 1.050 m or 900 - 5000 mm

Use decimals, not fractions, are used to express partial units.
Correct: 2.5m
Incorrect: 2% m

A zero before the decimal point is used for values less than one.
Correct: 0.45 MPa
Incorrect: .45 MPa

A space is used to separate blocks of three digits for any metric number over four digits. A comma is not used to
separate the blocks.

Correct: 4371 kg, 45 138 kg
Incorrect: 4,371 kg, 45,138 kg

11.7 Metric Drafting Standards

WisDOT plans were prepared on the following metric-size sheets:
Full size: Metric sheet A1 (594 mm X 841 mm)
Reduced size: Metric sheet A3 (297 mm X 420 mm)
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Stationing was based on 1000 meters per station with each station subdivided into twenty-five increments of 40
m each (rural) and 50 increments of 20 m each (urban).

The table below presents metric scales which were used in lieu of the corresponding U.S. scales shown.

Table 11.5 Equivalent English and Metric Scales

% enlargement or reduction

Metric Scale Engineer's Scale using metric scale

1:20 1'=2 +20
1:50 1'=5 +20
1:100 1"=10 +20
1:250 1" =20 -4
1:500 1" =30 -28

1" = 40 -4

1" =50 +20

1:1000 1" = 60' -28

1" = 100" +20

Architect Scale

1:2 1:2 -
1:5 3"=10" -20
1:10 11/2"=1-0 -20
1"=1-0 +20
1:20 3/4"=1-0 -20
1/2"=1'-0 +20
1:50 3/8"=1-0 -36
1/4"=1"-0 -4
3/16"=1'-0 +28
1:100 1/8"=1'-0 -4

Cross sections were provided at 40 m intervals in rural areas and 20 m intervals in urban areas. Cross sections
were also be provided for special situations such as the locations of side roads, driveways or culverts.

Pavement cross slope and superelevation were shown as percents.
Side slopes were expressed in non-dimensional ratios with the vertical component shown first.
For slopes <45°, the ratio were expressed as 1:X.
For slopes >45°, the ratio was expressed as Y:1 because the metric system does not use fractions.
Angular measurements were shown in degrees, minutes and seconds.
Curves were defined in terms of radius rather than degree of curvature.
Curves originally defined by degree had their radius specified to the nearest millimeter.
Curves to be based on metrics initially had their radii established in 5 m increments.
The normal contour interval for aerial-based topographic maps is 500 mm.
Construction plans showed only metric units.

Right-of-way plats were dual dimensioned with metric values shown first followed by U.S. values in parentheses.
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Table 11.6 Plotting Accuracy

Error! Bookmark not defined.Feature Show to the nearest
Horizontal alignment data, section corner tie-ins, benchmark elevations, profile

elevations 1 mm

Roadway elevations for vertical clearance computations 10 mm

10 or 100 mm
Horizontal pluses, offsets, physical feature dimensions and locations (20 mm preferred)

Elevations of ditch grades, pipe inverts, etc. 10 mm

Horizontal locations of driveways, culverts 1.0m

Horizontal guardrail limits 500 mm

FDM 3-10-15 Project Analysis September 19, 2013

15.1 Development of Alternative Considerations

Having assembled and correlated the relevant data for the project, the project team must proceed to establish
and define feasible alternatives that will fulfill the engineering objectives, developing them to the appropriate
level of detail. Develop alternatives that are consistent with the community’s values, concerns, ideas and visions
as voiced during project scoping. In addition, early coordination is established with such outside agencies as
DNR, the State Historical Society, the U. S. Army Corps of Engineers, the Coast Guard, railroads, utilities, etc.,
as appropriate. (In the case of consultants being responsible for project development, such coordination should
be implemented through the appropriate WisDOT region.)

15.2 Intersection Type/Traffic Control

During scoping, use the Intersection Control Evaluation (ICE) scoping engineering study as described in FDM
11-25-3 to identify feasible traffic control/intersection type alternatives at an intersection or interchange as part
of a project.

Use the Alternative Selection ICE engineering study as described in EDM 11-25-3 to evaluate and compare the
alternatives identified in the ICE scoping study. The Alternative Selection ICE is the engineering study used in
conjunction with the NEPA process to determine the preferred alternative that provides an effective traffic
control solution at a specific intersection.

15.3 Lighting Systems

In accordance with the Traffic Guidelines Manual TGM 11-9-1 (http:// wisconsindot.gov/Pages/doing-bus/local-
gov/traffic-ops/manuals-and-standards/tgm/11.aspx), the Bureau of Traffic Operations - Electrical Engineering
and Electronic Unit must approve all proposed continuous lighting system installations on state trunk highways.
If there is a possibility that the project may include the installation of new continuous lighting, the designer shall
work with the Region traffic section to submit DT1198 the "Roadway Lighting Approval Request”. The designer
should begin the lighting permitting process as soon as practical. These documents should be submitted and
approved before any commitments are made concerning the installation of highway lighting.

15.4 Evaluation of Alternatives

With the alternatives fundamentally defined, proceed to assess the environmental consequences of each. In the
process of evaluating the alternatives, such environmental aspects are considered as:

1. Regional and community growth, including general plans and proposed use.

2. Conservation and preservation, including soil erosion and sedimentation, wildlife habitat, the general
ecology of the area, as well as man-made and other natural resources.

3. Public facilities and services, including religious, health and educational facilities, and public utilities.

4. Community cohesion, including residential and neighborhood character and stability, other specific
groups and interests, and effects on local tax base and property values.

5. Displacement of people, businesses, farms, and non-profit organizations, including relocation
assistance, availability of adequate replacement housing, economic activity (employment gains and
losses), etc.

6. Air, noise, and water pollution, including consistency with approved air quality implementation plans,
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noise level standards, and any relevant water quality standards.

7. Aesthetic values, including visual quality, such as "view of the road" and "view from the road," and the
joint development and multiple use of space.

For a further discussion of the assessment of probable impacts, refer to Chapter 5 and Chapters 20 through 26
of this Manual.

FDM 3-10-20 Conceptual Stage Relocation Assessment February 7, 2003

20.1 Assessment of Relocations

During the development of feasible alternatives, it will become apparent if any of the proposals would involve the
displacement of people, farms, businesses, or non-profit organizations. Should this be the case, a detailed
assessment of all potential relocations is made by the Region Real Estate staff, in accordance with the
provisions of 49 CFR Part 24C, and Section 32 of the Wisconsin Statutes. Documentation of this assessment is
included on the Community or Residential Impact Evaluation Factor Sheet of the Screening Worksheets, and
constitutes the "Conceptual Stage Relocation Plan."

For a further discussion of the preparation of this aspect of the Screening Worksheet, refer to Chapter 21 of this
Manual. For a further discussion of the details of the relocation assessment, refer to the Bureau of Technical
Services Real Estate Program Manual.

FDM 3-10-25 Environmental Document Preparation October 14, 1983

The environmental document is prepared utilizing the necessary "in-house" expertise in the appropriate format
depending upon the level of impact and the source of funding for the project.

In accordance with the National Environmental Policy Act (NEPA) implemented by Rules and Regulations of the
Federal Highway Administration (23 CFR 771); the Wisconsin Environmental Policy Act (WEPA); and Section
4(f) of the US DOT Act of 1966, environmental documents take the form of:

1. A Draft and Final Environmental Impact Statement (EIS) for "major actions" significantly affecting the
quality of the human environment;

2. An Environmental Assessment (EA) for actions that may or may not significantly affect the quality of
the human environment. For those projects which (after public availability of the EA) result in a
determination that there will be no significant impact, a Finding of No Significant Impact (FONSI) is
made by WisDOT or FHWA, depending upon project funding.

3. An Environmental Report (ER) demonstrating that the project meets the criteria for a Categorical
Exclusion (actions which individually or cumulatively would not have a significant effect on the quality
of the human environment).

4. A Draft and Final 4(f) Statement when 4(f) lands are involved.

For more guidance on environmental document preparation and document types, refer to Chapter 21 of this
Manual.
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