Constructlon and Materlals Manual Wisconsin Department of Transportation

Chapter 7  Construction Surveying
Section 62 Slope Staking

Slope stakes mark the outer limits of grading on a construction project. Slope stakes mark, using a standard
offset, the point where the proposed back slope of a cut or fill intercept with the existing ground. This intercept
with existing ground is known as the slope intercept. Slope stakes must be set and maintained on each side of
the road at each cross section location shown in the plan. Slope stakes mark the outer limits of the grading and
are set to indicate the point where the back slope or the fill slope intersects the natural ground or are offset from
that point.

Figure 1 shows a diagram of slope stakes at a given project station.

Figure 1 Slope Stakes
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Slope stakes are the control points from which the contractor takes horizontal and vertical measurements for
use in constructing the rough grade of the earth. Contractors using GPS machine guidance generally do not use
slope stakes to construct the grade and ditches. However, the slope stakes provide important reference for the
engineer and subcontractors, so they should continue to be provided at all cross-section locations.

Stakes show the cut or fill from the ground elevation at the stake to the elevation of the finished subgrade at the
road centerline or at the shoulder or other predefined point. A “cut” marking on the stake designates the vertical
distance the ground at the stake is above the finished subgrade. Elevations are generally marked to the nearest
tenth of a foot. A “fill” marking designates the vertical distance the ground at the stake is below the finished
subgrade. Either the shoulder subgrade or the centerline subgrade may be referenced in setting the stakes.
Whichever is chosen must be used consistently throughout the project and the grading contractor and engineer
must be informed accordingly.
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CMM 7-62 Slope Staking

Table 1 gives a brief summary of the slope staking process.

Table 1 Slope Staking Process

SLOPE STAKING PROCESS

Locate information in the approved plan.
- Plan and profile sheets
- Typical sections
- Cross section details

Prepare slope stake field book. Include items shown in the general section of this manual and:
Refer to CMM 1-60 of this manual for general field note information.

- Station of stake

- Slope intercept elevation from cross sections

- Offset distance slope stake to actual slope intercept

- Offset slope stake to centerline from cross sections

- Benchmarks

- Other pertinent information should be included in the field notes

Re-establish centerline, if necessary, from control points.

Verify benchmarks used for staking before use. Document these checks in the field book.

Establish slope intercept location in field from slope stake field book.
Record actual elevation of ground at this point in slope stake field book.

Compare ground elevations at slope intercept and slope stake to plan elevations recorded in the slope
stake field book. The project may warrant additional existing ground elevation, obtained from plan cross-
section sheets, to verify project plan (existing section) to actual field conditions. Always discuss with the
project engineer and grading contractor any additional elevation verification they may foresee to the
specific project.

Elevation must be within 0.4 foot of the plan elevation to be considered satisfactory.

If satisfactory: continue to step 7

If not satisfactory: The true slope point needs to be located.

- Do not set out a slope stake.

- Set a stake or mark on the reference line at the bad station.

- This station may need to be re-cross sectioned again.

- The staking contractor needs to inform the engineer of the questionable sections in order to
determine appropriate action to be taken. The engineer should consider going back to the designer
to determine if a greater problem exists, and to help with corrective action. The engineer determines
who will perform the re-cross section work. Any re-cross section work can be performed by the
department, the staking contractor, or by a consultant under a surveying master contract with the
department, using WisDOT digital data standards. If the work is performed by the staking contractor
it should be considered as extra work.

- The engineer will plot the correct original ground line to determine the true slope intercept location.

If a plot is off for a significant number of stations, a recheck of the benchmarks and their adjustment may
be necessary to preserve integrity of the plan. Any benchmark and grade adjustment must be brought to
the attention of the engineer and documented in the field notes.

Set out slope stake at the project offset distance beyond the intercept location.

Establish elevation on the ground at the offset stake.

Record elevation of ground at this point in field notes.

10.

Mark stakes
Stake may include:
- Station of stake
- Elevation on ground at slope stake
- Slope stake distance to centerline
- Offset distance to actual slope intercept
- Cut or fill to predefined location (ditch cut, etc.)
- Rate of slope
- Ditch cut and shoulder width may also be included when appropriate
- Other pertinent data

11.

Keep neat and accurate field notes and give to engineer when not in use.
- Include all elevations, distances and calculations used to determine cuts and fills in the field book.
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CMM 7-62 Slope Staking

To ensure against disturbance during the construction operations, the stake is offset or set back a short distance
from the actual point where the constructed slope intercepts existing ground, usually 5 feet. It is desirable that all
slope stakes for a given project be offset the same distance. The cut or fill is computed from the elevation of the
ground at the offset stake. The surveyor should establish the offset distance and stake marking in consultation
with the grading contractor and the engineer.

Figure 2 shows an example of marking stakes and lath for slope staking.

Figure 2 Example of Marking Stakes and Lath for Slope Staking
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In certain situations, a standard offset or baseline may be the format the grading contractor wants. These stakes

provide cuts and fills but are a uniform distance from the reference line. They are more commonly used in urban
projects.

7-62.1 Slope Staking Notes

Staking notes, referred to as a “slope stake field book”, should be prepared by the staking contractor before the
time the staking crew sets the slope stakes. Notes may be in the form of digital file for data collectors, computer

print out, or set up in a field book. The surveyor should discuss the desired format with the engineer and the
grading contractor before setting stakes.
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Figure 3 shows example slope staking field notes.

Figure 3 Example Slope Staking Field Notes

STA = <1 piTeH SHLDR Cl SHLDK | DITCH S S

Distance from CL| +=++00 73.8 08.8 40.% 32.3 24 Q 24 - 4%.2 48.2

“'Cmséi'i::; 78 7780 | 7793 | 7813 | 7793 | 7813 7766 | 776.5
jevation

Rod Reading 2.0 3.1 8.6 1.5 1:1.3
Field Elevation 8é.l 85.0 9.5

Existing (Flan) - +4 =
Elevation < / -/

The slope stake book should contain plan and field elevations, slopes, and distances. The slope intercept
distance from the centerline must be determined. There are two methods to find this distance.

1. The first is to use the approved plan cross sections. The distance from the centerline and the elevation of the
slope intercept can be “picked” off the cross sections.

2. The second is to have a computer program generate the report including all points needed. This report should be
cross-referenced to the approved plan.

The engineer may be able to provide a digital file or computer print out for the staking contractor’'s use. The
slope stake book must be made available to the engineer and grading contractor for the duration of the project.

7-62.1.1 Requirements

Slope staking for each phase of construction must be 100% complete and satisfactory to the engineer and
grading contractor before earthwork for the particular phase is started. If slope staking is not completed,
construction must be stopped until the staking is complete. This will ensure the earthwork quantities will be
calculated and any required earthwork changes are made in a timely manner.

After stakes have been set, it is useful to sight along the slope stakes to check for major breaks in staking.
Unless the terrain has sharp breaks in elevation, transitions between stakes should be smooth and in harmony
with the rise and fall of the land. Stakes which do not follow this pattern should be checked to the corresponding
plan cross-section for an elevation and/or offset error.

The staking contractor should contact the grading contractor for the preferred offset distance from actual slope
intercept to slope stake and grade line to be referenced (ditch line, centerline etc.) before beginning to stake.
This offset and grade references should be consistent throughout the project. Also discuss what information
should be included on stakes.

The staking contractor should check with the engineer for changes to the approved plans before doing any
staking or grade computations.

7-62.1.2 Slope Stake Report

The slope stake report is used by the surveyor to help set the slope stakes. It is used to verify existing field
conditions, and compare plan to field elevations. The report is also a useful tool to help calculate yardage
guantities for contractor payment. An example Caice Slope Stake Report screen-shot is provided in Figure 4.
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Figure 4 Caice Slope Stake Report

CRAICE Slope Staks Report
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VERTICAL
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0.0z ft/ft
-12 779.03
0.02 ft/ft
779.27
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12 779.03
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21 778.87
VERTICATL
20.01 781.37
-0.02 ft/ft
24.55 781.28
1: 4
43.2 T76.62
43.2 776.5 33

Note: Slope Stake (S/S), Slope Intercept (SI), and Center Line (CL) elevations need to be within 0.40 foot when comparing
plan to field elevations. If the elevation at the slope intercept is off by more than 0.40 foot, notify the engineer.
Contractor may also want % of slopes, subgrade elevations, etc. Discuss with the contractor, and agree on content
before making slope stake book.

November 2008 Page 5



	Roadway Standards
	CMM Main Page
	Construction and Materials Manual
	CMM Foreword
	Table of Contents w/Updates
	Section 2-26  Preconstruction Meeting
	Section (update)

	Section 2-42  Contract Modifications
	2-42.1 General (update)

	Section 4-50  Asphalt Pavement - General
	Section (update)

	Section 4-53  
	Section (update)

	Section 4-54  Preparation of Foundation for Asphalt Pavement
	4-54.6 Tack Coats (update)

	Section 4-58  Placing Asphalt Mixtures
	4-58.3 Ambient Air Temperatures (update)

	Section 5-20  Steel Bridges
	5-20.5.1 Bolts (update)

	Section 5-50  Pipe Culverts
	Section (update)

	Section 5-70  Ancillary Structures
	Section (update)

	Section 6-15  Storm Sewer
	Section (update)

	Section 8-10  Materials - General
	8-10.1.3 Materials Coordinator Training (update)

	Section 8-15  Density Testing
	8-15.4 Annual Bureau of Technical Services Gauge Block Calibration Procedures (update)
	8-15.7 QMP QC & QV Nuclear Density Gauge Comparison (update)

	Section 8-30  QMP - General
	8-30.9.2 Random Sampling (update)

	Section 8-36  QMP - HMA
	Section (update)

	Section 8-38  Ride Quality
	Section (update)

	Section 8-40  Materials Sampling
	8-40.7 Material Specifications Transition Period (update)

	Section 8-45  Materials Testing and Acceptance - General
	Section (update)

	Section 8-46  Materials Data Collection and Reporting Software System
	Section (update)

	Section 8-50  Materials Testing and Acceptance Guide
	Section (update)

	Section 8-65  Asphaltic Binder Materials
	8-65.1 General (update)
	8-65.2 Sampling Asphaltic Materials (update)

	Section 8-66  Asphalt Mixture Design
	Section (update)

	Section 8-70  Materials Testing and Acceptance - Concrete
	8-70.4.7.1 Pavement Units (update)
	8-70.4.7.2  (update)

	Section 8-75  Materials Testing and Acceptance - Structures
	8-75.3.3 Pile Driving Data, Form DT1924 (update)


	Glossary
	CMM Chapter 1  General Provisions
	Section 1-10  Project Management
	Section 1-15  Glossary
	Section 1-30  Hazardous Materials
	Section 1-35  Safety
	Section 1-40  Field Facilities and State-Owned Equipment
	Section 1-45  Traffic Control
	Section 1-50  Construction Equipment
	Section 1-55  Construction Site Crashes
	Section 1-58  Archaeological and Burial Considerations
	Section 1-60  Construction Inspection
	Section 1-65  Contract Records
	Section 1-70  Performance Measures

	CMM Chapter 2  Contract Management
	Section 2-10  Contracts and Agreements
	Section 2-14  Federal Aid Local Road Projects
	Section 2-15  Transparency Efforts for Projects
	Section 2-16  Consultant Contracts for Construction Services
	Section 2-18  Project Relationships and Communication
	Section 2-19  Construction Services by Local Units of Government
	Section 2-20  Public Relations
	Section 2-22  Notice to Proceed
	Section 2-24  Labor Compliance
	Section 2-26  Preconstruction Meeting
	Section 2-28  Laws and Standards
	Section 2-30  Right of Way
	Section 2-32  Measurement and Payment
	Section 2-33  Payment - LFA Agreements
	Section 2-34  Site Time - Damages and Incentives
	Section 2-36  Intermediate/Tentative/Final Estimates
	Section 2-38  Administrative Items
	Section 2-40  Prompt Payment
	Section 2-42  Contract Modifications
	Section 2-44  Cost Reduction Incentive
	Section 2-46  Force Account Work
	Section 2-48  Suspension of Work
	Section 2-50  Project Acceptance
	Section 2-52  Bonds and Warranties
	Section 2-54  Contract Claims
	Section 2-56  Utilities
	Section 2-58  Railroad Agreement
	Section 2-60  Subcontracting

	CMM Chapter 3  Earthwork and Bases
	Section 3-10  Clearing and Grubbing
	Section 3-15  Removing Miscellaneous Structures
	Section 3-20  Roadway and Drainage Excavation
	Section 3-25  Structure Excavation
	Section 3-30  Embankments
	Section 3-35  Borrow Excavation
	Section 3-40  Granular Subbase Course
	Section 3-45  Dust Control
	Section 3-50  Rubblizing Concrete Pavement

	CMM Chapter 4  Pavements
	Section 4-10  Concrete Pavement - General
	Section 4-11  Preparing the Grade for Concrete Pavement
	Section 4-15  Hauling and Placing Concrete
	Section 4-16  Concrete Consolidation
	Section 4-17  Concrete Finishing
	Section 4-18  Concrete Texturing and Tining
	Section 4-19  Protecting Freshly Placed Concrete
	Section 4-21  Pavement Joints
	Section 4-24  Concrete Paving Inspection
	Section 4-50  Asphalt Pavement - General
	Section 4-51  Mixing Plants
	Section 4-53  
	Section 4-54  Preparation of Foundation for Asphalt Pavement
	Section 4-56  Hauling Asphaltic Mixture
	Section 4-57  Asphalt Pavers
	Section 4-58  Placing Asphalt Mixtures
	Section 4-59  Asphalt Mat Inspection
	Section 4-61  Compaction and Density of Asphalt Pavement
	Section 4-65  Pavement Marking, Roads Open to Traffic

	CMM Chapter 5  Structures
	Section 5-10  Concrete Masonry
	Section 5-15  Concrete Structures
	Section 5-20  Steel Bridges
	Section 5-25  Bridge Decks
	Section 5-28  Concrete Deck Overlays and Structure Repairs
	Section 5-30  Painting
	Section 5-40  Piling
	Section 5-45  Railing
	Section 5-50  Pipe Culverts
	Section 5-55  Shop Fabrication Plans
	Section 5-60  Post Award Acceptance of Design/Build Retaining Walls
	Section 5-65  Temporary Structures
	Section 5-70  Ancillary Structures

	CMM Chapter 6  Miscellaneous Construction
	Section 6-10  Concrete Curb Ramps
	Section 6-15  Storm Sewer
	Section 6-20  Manholes and Inlets
	Section 6-25  Marker Posts, Cable Guard Fence, and Steel Plate Beam Guard
	Section 6-26  Energy Absorbing Terminals
	Section 6-30  Property Fence and Right of Way Fence
	Section 6-35  Maintenance and Repair of Haul Roads
	Section 6-40  Landscaping
	Section 6-45  Erosion Control
	Section 6-50  Pavement Marking and Delineation
	Section 6-55  Electrical Construction
	Section 6-60  Well Construction and Borehole Abandonment
	Section 6-70  Safety Edge

	CMM Chapter 7  Construction Surveying
	Sections 10 - 60
	Section 7-10  Construction Surveying - General
	Section 7-15  Highway Staking
	Section 7-18  GPS Machine Guidance
	Section 7-20  Staking Storm Sewer System
	Section 7-25  Staking Subgrade and Base
	Section 7-30  Staking Curb, Gutter, Curb and Gutter, and Concrete Barrier
	Section 7-35  Staking Pipe Culverts
	Section 7-40  Staking Structure Layout
	Section 7-45  Staking Concrete Pavement
	Section 7-50  Staking Re-Surfacing Reference
	Section 7-55  Staking Electrical Installations
	Section 7-60  Staking Supplemental Control

	Section 7-62  Slope Staking
	7-62.1  Slope Staking Notes
	7-62.1.1  Requirements
	7-62.1.2  Slope Stake Report


	Section 7-65  Staking Right of Way
	Section 7-70  Cross Sections and Digital Terrain Models
	Section 7-75  Staking Borrow Pits
	Section 7-80  Constructing and Restoring Access Points
	Section 7-85  Survey Monuments

	CMM Chapter 8  Materials Testing, Sampling, Acceptance
	Section 8-10  Materials - General
	Section 8-13  Weighed Materials
	Section 8-15  Density Testing
	Section 8-20  Independent Assurance Program
	Section 8-30  QMP - General
	Section 8-32  QMP - Subgrade
	Section 8-34  QMP - Aggregate
	Section 8-35  QMP - Concrete
	Section 8-36  QMP - HMA
	Section 8-38  Ride Quality
	Section 8-40  Materials Sampling
	Section 8-45  Materials Testing and Acceptance - General
	Section 8-46  Materials Data Collection and Reporting Software System
	Section 8-50  Materials Testing and Acceptance Guide
	Section 8-55  Materials Testing and Acceptance - Earthwork
	Section 8-60  Materials Testing and Acceptance - Aggregates
	Section 8-65  Asphaltic Binder Materials
	Section 8-66  Asphalt Mixture Design
	Section 8-70  Materials Testing and Acceptance - Concrete
	Section 8-75  Materials Testing and Acceptance - Structures



