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Unit 2.1: Road Cut Design Student Exercise
Analyzing High Resolution Topography Unit 2.1: Road Cut Slope Design Student Exercise
Yonathan Admassu, John Paul Ligush, and Matthew Gribbin (James Madison University)
This is a 3-day field based rock slope design exercise. The main outcomes are:
· Design and conduct a geodetic survey for the purposes of designing safe cut slopes, including:
· Topographic survey using a transit compass
· Collect discontinuity data while in the field
· Extract discontinuity data from LiDAR/SFM generated 3D models
· Perform kinematic analysis based on discontinuity orientations and slope azimuth.
· Propose slope design based on kinematic analysis results and rockfall trajectory charts
Day 1 Topographic Surveying
In the field
Your instructor will provide you with a map showing the median of a proposed hypothetical roadway that requires excavation for its construction. Profile lines running perpendicular to the roadway are also shown on the map. Example of a map showing a proposed road median and profile lines is shown in Figure 1.
[image: Macintosh HD:Users:prattsitaula:Documents:BethFiles:GETSI:MODULES:Field_Analyz-High-Rez:images:beth unit 2.1 figs:proposed-road.png]Figure 1. Example of what a proposed roadway median might look like and the sort of perpendicular profile lines for which you will need to construct topographic profiles.

In the field your instructor has marked the median of the proposed roadway on the ground by placing stakes at regular intervals. Your instructor will provide you with the elevation of each stake. Locate the stakes on the ground and perform topographic surveying perpendicular to the roadway median along profile lines for ~60-100 m (or other specified distance) on each side of the median. 

The topographic surveying can be accomplished using a transit compass (ex. Brunton) or an Abney Level, two rods of known length (Jacob staffs are typical and will be referred to here), and a measuring tape. If two Jacob staffs are placed at points X and Y and if you know the elevation of point X, you can measure the elevation of point Y using the equation:  
Xelev = Yelev + a = Yelev + C * Sin α
[image: Macintosh HD:Users:prattsitaula:Documents:BethFiles:GETSI:MODULES:Field_Analyz-High-Rez:images:beth unit 2.1 figs:jacob-staff-method.png]
1. Mark your eye height (use same height) on the both Jacob staffs. Use a masking tape to mark it.
2. Place your Jacob staff at an initial starting point X along the proposed road centerline, where the elevation is known and place (upright) the other Jacob staff ~ 20 m away at point Y along the profile line. 
3. Measure the exact distance (C) using a 30-meter tape.
4. Using the clinometer function of your transit compass, measure the angle α (the vertical angle between the marked eye heights).
5. For each station along your profile, record the following data. If the α is measured above a horizontal use a + sign and – sign if it is below the horizontal. The following table can be used to collect data.
	Profile  No.
	Profile  Azimuth
	Station No.
	Lithology
	X evel
	α
	C
	Yelev = 
Xelev + C (sin α)



6. Repeat process every ~20 meters along the profile, working out from the centerline in both directions.
7. Place a peg/stick at each station.
8. Collect all your pegs/sticks after you have completed your profile.
9. Complete the number of profiles specified by your instructor.
Back in the classroom or camp
Calculate (preferably using Excel) elevation values along each profile line (every ~20 m) using linear distance (C) and vertical angle measurements (α). 
Construct a) longitudinal topographic section along the road median and b) topographic map within the reaches of the profile lines.
Day 1 Deliverables
1. Topographic contour map of the roadway area (within the limits of the profile lines) surveyed. Use 11x17” graphing paper.
2. A longitudinal elevation profile section along the proposed roadway showing the proposed road level. Allow a maximum of 6% road gradient (0.06 slope; 3.43°). Use 11x17” graphing paper.
Day 2 Traditional Outcrop Mapping
In the field
Each group should select one to two outcrops with a maximum of 10 m in length. Stretch a measuring tape across the outcrop close to where the proposed roadway is located. You will collect discontinuity data (orientation, continuity, spacing etc.) of each discontinuity crossed by the measuring tape. This method is known as the detailed line survey method (Piteau and Martin, 1977). It is also possible to record discontinuity data within a window of certain dimension on an outcrop. The following table format can be used for discontinuity data collection. Collect a total of 100 discontinuity measurements.
	Outcrop No.
	Lithology
	Formation Name
	Type of discon.
	Discon. set no.
	Dip
	Dip direction 
	Aperture
	Continuity
	Water flow
	Joint Spacing 


*Data that will not be used in kinematic analysis but collecting it will give you the opportunity to collect data necessary for rock mass characterization.
· Aperture – discontinuity opening
· Continuity – discontinuity length
· Water flow – qualitative description of water flowing from discontinuities (dry, water stained, flowing water)
· Spacing – distance between discontinuities
Back in the classroom or camp
Perform kinematic analysis (use DipAnalyst or other software specified by your instructor) to evaluate the likelihood of slope problems for the expected slope azimuths and a slope angle of ~85°. Be sure to refer to your reading documents.
Day 2 Deliverables
Summary write-up of kinematic analysis with attached stereonet plots. Stereonets should show poles to discontinuities, slope, and a friction angle using software (DipAnalyst or other). Each stereonet should represent expected slope aspects based on the orientation of the roadway and a slope angle of ~85°. For each expected slope azimuth, state the possible type of failure and an optimum slope angle that would minimize slope failure potentials.


Day 3 Point Cloud Data from SfM or TLS
In the fieldFigure 2. SfM targets on an outcrop. You will determine their position from an arbitrary 0,0,0 position by measuring the distance and angle.

At the same outcrops as Day 2, prepare for collecting point cloud data using either structure from motion (SfM) or terrestrial laser scanning (TLS). If you are using SfM, place targets over the outcrop area. Sketch in your field notebook the outcrop and the positions of SfM targets or laser scanner and reflectors. 
If you are doing SfM, determine x-y-z values for each SfM target from a local 0, 0, 0 point of your choice. From the 0, 0, 0 point, you will need to determine linear distance with a measuring tape and the vertical angle with the clinometer inside your Brunton compass. You will then determine x, y, z values of the targets using trigonometry. Once x-y-z coordinates have been determined, take digital photographs (as demonstrated by your instructor) that will be used for SfM. Most likely you will take 10-15 (max!) pictures per outcrop with ~70% overlap between photos. 
Back in the classroom or camp
If you collected TLS data, the 3D point cloud will most likely be provided to you. If you collected SfM data, process the photographs using Agisoft or other software to produce 3D point cloud. Export the resulting 3D point cloud to SplitFX, which creates a mesh from the point cloud. Discontinuities can be automatically selected or manually delineated. Export discontinuities to DipAnalyst or other software for kinematic analysis. 
Select 3-5 profile lines that would need various degrees of excavation. For each, draw a topographic profile and your proposed slope cut design similar such as shown in Figure 3. 
Your choice of slope angles depend on the results of kinematic analysis. Each slope segment should not exceed 12 meters height. Mid-slope benches separating each slope segment should be wide enough to catch possible rockfalls. A catchment ditch to catch rockfalls from the lowest slope should be provided. The dimensions of mid-slope benches and catchment ditches should be based on rockfall trajectory charts by Pierson (1991). 
Note: The final road cut design may not be identical from one group to another. One group can design slopes with gentler slopes to minimize failure and provide narrower rockfall catchment ditch. Or another group may justify steeper slopes with wider catchment ditches. You can also suggest slope-stabilizing methods such as rock bolts or wire meshes for steeper slopes. It is important you justify your proposed design.
Day 3 DeliverablesFigure 3. Profile-view line drawing of schematic design for rock benches and catchment drainage of a road cut.


1. Kinematic analysis using point cloud-generated discontinuity data. Write a few lines discussing differences and similarities in using point cloud vs. manually-collected data for kinematic analysis.
2. Detailed cross section for each selected profile also showing the slope design profile (similar to what is shown above). Note: Use 8.5x11” graphing paper.
3. ~2-page summary write up including
a. Introduction of the project
b. Local geology
c. Discussion on genesis of discontinuity sets
d. Kinematic analyses results with stereonets for the possible slope azimuths
e. Justification of proposed slope angles (based on kinematic analysis), mid-slope benches and catchment ditches (based on rockfall charts by Pierson (1991). For example, one can justify gentler slope angles that result in less slope failures and narrower catchment ditch or steeper slope with wider catchment ditch.
Evaluation
Will be based on the attached rubric.
References
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