Construction and Materials Manual Wisconsin Department of Transportation

Chapter 7  Construction Surveying
Section 18 GPS Machine Guidance

7-18.1 GENERAL

Standard spec 650.3.3 allows the contractor to substitute GPS machine guidance for all or part of the subgrade
staking work under the contract. The extents of each GPS machine guidance segment and each subgrade
staking segment need to be described in the contractor's GPS work plan. It is the contractor's option whether
they will use GPS machine guidance or conventional methods.

Not all projects are suitable for GPS use. Projects with a dense tree canopy, large vertical cuts, or limited survey
control may not prove suitable. On these projects subgrade staking would continue to be performed using

conventional methods.

7-18.2 INITIAL COORDINATION

The contractor needs to provide the GPS work plan as described in the specification to the engineer before the
preconstruction conference so the engineer can evaluate the proposed plan. Attachment 1 shows an example
GPS work plan. The design engineer, construction engineer, region surveyor, appropriate management, and
contractor survey personnel should be present at the preconstruction meeting to discuss the following points
regarding grading with machine guidance:

- GPS work plan
- Project and survey schedules
- Key personnel, roles and responsibilities
- Methods for handling changes in the model and related matters
- Handling of survey data and support
- 3-D models and their formats
The project engineer should be in close contact with the region surveyor throughout the course of the project.

7-18.3 3-D MODEL DEVELOPMENT AND EXCHANGE

The contractor must develop and maintain the design mode! for use with the GPS machine guidance equipment,
based on the initial survey information provided in the contractor staking packet, as discussed in CMM 7-10. The
department recognizes that the contractor will need time to develop the model. To accommodate this, after the
contract is awarded the contractor may request the contractor staking packet. The department will provide
available information within 5 business days of receiving the request. If the contractor does not make the
request to get survey information early, the department will provide survey information in the contractor staking
packet at the preconstruction conference.

The contractor is responsible for ensuring that the mode! agrees with the contract plans. If a plan error is
discovered, the contractor must notify the engineer. The department will make necessary plan revisions and
updates to the existing surface DTM, but the contractor is still responsible for updating the model and sending
the revised version back to the department in LandXML or other engineer-approved format.

The engineer should review the contractor's proposed model and perform spot checks by projecting known
points generated from the plan cross sections onto the proposed model, and generate an error report. The
engineer is responsible for maintaining an archive of DTM revisions and dates. The archive should include the
DTM files and the time period for which each was active on the project.

7-18.4 SITE CONTROL AND CALIBRATION

The department is responsible for providing control from the initial survey. The contractor is responsible for
verifying, supplementing, and maintaining the project control. Site calibration, sometimes referred to as
“localization”, for GPS machine guidance is a process that results in computation of parameters for transforming
measured GPS coordinates into the coordinate system of the project control points. Good site calibration and
checking are vital to the success of GPS machine control operations.

The GPS machine guidance specification requires that a minimum of 6 control points or 2 points per mile be
used for site calibration and that the site calibration be checked daily at control points not used in the calibraticon.
The horizontal and vertical coordinates of all control points must be documented and presented to the engineer.
These points should be constructed or lecated outside the anticipated construction footprint, and they should be
available 2 weeks before the preconstruction conference.

The control points used for site calibration should envelop the project and be well distributed around its
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perimeter. Control points in close proximity to one ancther should be avoided. Long, narrow configurations of
control points should be avoided. There should be control points near the corners of the project and
approximately midway along its boundaries.

The number of site calibrations performed by the contractor should be limited. It is preferred that a single site
calibration be used for the duration of the project, but there might be circumstances under which follow-up site
calibrations are necessary. In these cases, independent canstruction checks should be made after each site
calibration.

7-18.4.1 Construction Checks

The engineer should work with the region surveyor to develop a plan to perform construction checks. it is
essential to provide some independent checks at project start-up to ensure contractor methods are meeting
necessary tolerances. These checks should be performed using independent GPS equipment or conventional
survey methods {e.g., total station or level), and should meet specified tolerances. The department reserves the

right to do added checks as needed.

7-18.4.2 Daily Site Calibration Checks

Site calibration checks are the responsibility of the contractor, but should be reviewed with the region surveyor
to verify they are within specified tolerances.

Horizontal and vertical tolerances are specified for site calibration checks but not for site calibration itself. Once

the site calibration measurement process is complete, the RTK GPS software will report estimates for horizontal
and vertical errors at each of the site calibration control points. The tolerances are 0.10 feet horizontal and 0.05

vertical for the site calibration checks. If any site calibration check exceeds specified tolerances, follow these

steps:

1. The check should be re-measured at the same independent control point to ensure there is no
problem with the check measurement.

2. A second and, perhaps, a third independent control point should be used to check the site calibration.
If tolerances are met at these additional independent contro! points, then a problem is indicated with
the first check controt point.

3. If check tolerances are not met at two or more independent control points, then a problem is indicated
with the site calibration, and the site calibration measurement and computation procedure should be
repeated to ensure that there is no problem with the initial site calibration measurements. If site
calibration problems persist, vendor-supplied manuals or guidance might also need to be consulted.

4. If the repeated site calibration measurements are in close agreement with the initial site calibration
measurements, then a problem is indicated with one or more of the site calibration control points. The
site calibration should then be performed while exciuding the control point with the largest horizontal
and / or vertical error estimate.

5. If a problem with a site calibration control point is identified in step 4, that control point should be
replaced by another and the site calibration procedure and checking should be repeated. The above
control point configuration guidelines should be followed in selecting replacement control points.

7-18.4.3 Final Subgrade Checks

On completion of the subgrade the contractor must perform 20 or more randomly selected subgrade checks per
stage, per project, or per mainline roadway mile, whichever results in the most tests, against plan elevations.
These points should be located at stations evenly divisible by 100 so it's easy to check against the plan.
According to the definition of roadway in standard spec 101.3, a divided highway has two or more roadways.

Before conducting the final random checks the engineer may want te direct the contractor to make additional
non-random checks in out-of-tolerance areas or argas that otherwise raise concern. Sideroads may warrant
additional checks. The engineer should also be aware of critical points, and have the contractor perform
additional checks at these locations. Critical points include the following:

- Beginning and end of the project

- Bridge clearances

- Ramp gore areas

- Above and below ground utility crossings

- Bridge approaches

- Intersections and side road matches

- Clearances over pipes
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The specification requires the contractor to notify the engineer at least 2 business days before making the
random subgrade checks. It is very important for the engineer to be present during the subgrade checks, and to
make note of each check in the field diary.

If more than 1 of any 5 consecutively tested random subgrade points differs by more than 0.10 feet from the
plan elevation, the grade is not suitable, and the contractor must make corrections to the grade. Random
subgrade checks should then be performed again until 4 out of 5 consecutively tested points are within 0.10 feet
of plan elevation.

LIST OF ATTACHMENTS
Attachment 1 Sample GPS Work Plan
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Attachment 1 — Sample GPS Work Plan

234CTHS
Green Bay, W
Phone: (920) 799-4404 Fax: (920) 799-4410

GPS Machine Guidance Work Plan
End Zone Road to Super Bowl Way
STH 92; Playoff Road
Door County

Equipment
Deslgn:
Trimble Terramodel v. 10.43
Staking:
Base Station: Trimble SPS750
Rover: Trimble SPS780
Data Collector: Trimble TSC2
Staking Software: Trimble SCS900 v. 2.11
Machine Control:
Caterpillar D6R Dozer

Caterpillar 14 H Motor Grader
System oh Machines: Trimble GCS200 v. 6.0

People

Bart Starr - Packer Country Construction
Six years of grade staking and data preparation using robot total stations, GPS
instruments, and design/survey software,
Six years of teaching grade staking classes using total stations and GPS instruments
at Local 138 Union School in Coloma.
Role in Specification: Primary contact for GPS Pilot Spec. He will be on-site daily, and
will be handling data flow and field operations for the pilot.

Lynn Dickey - Packer Country Construction
Twelve years of construction layout, data preparation, and property surveying using

total stations, GPS instruments, design/survey software, and cad software.
Role in Specification; Oversight and support to field and data operations.

Brent Favre - Packer Country Construction

Two years of grading using Trimble GPS machine control motor graders.
Role in Specification: Operator of Caterpillar 14H Motor Grader equipped with Trimble
GCS900.

Reggie While - Packer Country Construction
Two years of grading using Trimble GPS machine confrol D6R Dozer.
Role in Specification: Operator of Catemillar D6R Dozer equipped with Trimble
GCS200.

Leroy Butler - AMC Staking

Construction Staking Contractor for the project.
Role in Specification: Create and maintain on-site control points

Packer Country Corstruction ks An Equad Employment Opportunily Employer,
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Project Control

For this project, the department has provided a list of control (Attachment A) that was
established by Central Engineering. This contrel shall be used as the primary control
for this project. Packer Country Construction will use these points in the site
calibration. Some points will not be used in the site calibration; these points will be
reserved to be used as daily checks threughout the duration of the project.

Site Calibration

Site Calibration will be performed using the calibration function in Trimble SCS9C0.
The points used in the site calibration will envelope the site. The entire project will be
included in one site calibration. Each point in the calibration will be observed
statically for 15 seconds. The resulting precision of the site calibration shall fall within
0.10 ft. horizontally and 0.05 vertically. A hard copy of the resulting site calibration
data from SCS900 will be given to the engineer.

Packer Country Construction will perform control check daily. Packer Country
Construction's typical workweek will be 5 days per week, 50 hours per week. Packer
Country Construction will perform two control checks per workday. One will be done
at the start of work, and the other will be done during the last haif of the work day.
Those checks shall fall within 0.10 ft. horizontally and 0.50 ft. vertically. Those control
checks will be recorded using SCSS00. A hard copy of that record will be reporied
waekly to the engineer.

A list of points used in the site calibration and used as checks, and their location can
be found in Attachment B.

Percker Counlry Conshuclion k An Ceual Fmployment Oppothinily Tmployar.
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(Attachment A)

Control point coordinates on local coordinate system

POINT X Y ELEVATION
100 854985.57 449051.20 741.26
101 855450.87 449505.32 680.52
102 855204.92 450256.54 699.62
103 856147.58 451179.49 701.59
104 855477.05 452135.51 656.23
105 856668.36 453699.63 745.58
108 856386.71 452681.75 722.89
107 856843.19 454068.23 717.92
108 858298.36 454307.89 678.04
109 859487.01 454484.22 72985
110 860545.98 4565092.65 714.33
111 851693.56 455038.H1 786.52
12 862021.06 455434.10 801.00
113 862328.88 457561.17 823.64
114 862287.51 458344.47 80549

Packer Country Consfruction ks An Equa Employment Opportunity Ermployer.
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{Attachment B)
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