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PURPOSE

• Develop a desktop methodology using digital elevation model (DEMs) and 
street-level imagery

 Rock cut slope inventory 

 Regional scale location, geometry, preliminary geology  

 USMP-based rockfall hazard/risk rating system on selected sites

• Evaluate the accuracy of the approach compared to field data collection

• Quantify the time saved using the proposed methodology



BACKGROUND

• Geotechnical Asset Management (GAM)

• Rock/soil cut slopes, retaining walls, and material sources

• Geotechnical assets typically handled using a reactive approach

• Provide guidance to manage geotechnical assets

• Building an inventory of unstable slopes

• Assess their condition

• Establishing performance standards and service life criteria,

• Identifying and developing risk reduction corrective actions, and 

• Prioritizing and taking risk reduction corrective actions.



BACKGROUND

• Geotechnical Asset Management (GAM)
• Need for proactive approaches 

• Oregon’s Rockfall Hazard Rating System 
(RHRS)

• Assessing hazard/risk of rockfall

Oregon State Highway Division (Pierson et al. 1990)



BACKGROUND
• Need for proactive approaches 

• FHWA’s unstable slope management program (USMP)
• Assessing hazard/risk of rockfall



BACKGROUND

• Field Data Collection

• Time 

• Money

• Safety



BACKGROUND

• Alternative Data Collection Methods
• Remote sensing methods such as LiDAR and street-level photogrammetry

https://medium.com/@kathleenhagen2/u-s-airborne-lidar-market-top-
impacting-factors-b19def6781c4 https://research.google/blog/seamless-google-street-view-

panoramas/



METHODS - Cut Slope Inventory

https://vgin.vdem.virginia.gov/apps/VGIN::virginia-
lidar-download-application/explore

https://opentopography.org/

DEMs



Street Level Imagery -Mapillary

METHODS - Cut Slope Inventory



METHODS - Cut Slope Inventory
DEMs/Street level imagery



METHODS - Cut Slope Inventory

Rock Cut Slope Inventory
Routes 211, 220, and 259 in the Staunton District of VDOT 



DEM/ ArcGIS
Automated 

Rock Cut Slope Identification
Slope Angle
Slope Aspect
Slope Length
Location (Lat./Long.)

Street-Level Imagery

Preliminary Geologic 
Characterization

Field Verification

Collect GPS Locations of Rock Cut 
Slopes 

METHODS - Cut Slope Inventory



METHODS - Cut Slope Inventory

Identifying Rock Cut Slopes from DEMs

Cut slope/Embankment slope - Curvature
Soil slope/rock slope - Roughness



Slope Height: Difference between maximum and 
minimum values.

Slope Angle: Average slope angle value for each polygon 
is calculated.

Slope Length: Length of rectangles bounding each slope

Midpoint Coordinate: Calculate the x,y coordinate of the 
centroid of each slope polygon using ‘calculate 
geometry’ function

METHODS - Cut Slope Inventory
Spatial and Geometric Data Collection from DEMs Evaluating Geologic Characteristics 
from Street-Level Imagery



METHODS - Cut Slope Inventory

Evaluating Geologic Characteristics from Street-Level Imagery



RESULTS - Cut Slope Inventory

Centroid  
Longitude

Centroid 
Latitude

Slope 
Height(ft)

Slope Length 
(ft)

Average Slope 
(Deg)

Slope 
AspectSlope Id

-78.446238.674719.0107.525.0NWRt_211-1

-78.381238.6707115.799.322.1SERt_211-2

-78.379338.6688136.8318.930.9NERt_211-3

-78.379438.6685935.4318.928.6SWRt_211-4

-78.378938.6684723.3318.930.8SERt_211-5

-78.378838.6688491.6679.836.5SWRt_211-6

-78.377338.6673432.1358.628.6SWRt_211-7

-78.374738.6656647.8285.230.4SWRt_211-8

-78.331438.6634331.1238.229.6NERt_211-9

-78.331338.6636258.7475.133.4SWRt_211-10

• 142 Rock cut slopes



RESULTS- Cut Slope Inventory

Mileage of Rock 
Slope (Field 
Verified)

Number of Slope
Cuts (Automated
Method)

Mileage of Rock 
Slope 
(Automated 
Method)

Mileage of Slope Cut 
(Visually Mapped on 
Hillshade)

Mileage of 
Slope Cut 
(Automated 
Method) 

Route 
No

4.7 mi59 Sites4.4 mi13.8 mi12 mi220

2.1 mi37 Sites2.1 mi7.1 mi5.7 mi211

1.8 mi46 Sites1.7 mi3 mi2.9 mi259

• 20.6 miles of rock/soil cut slopes /23.9 miles 
- 86.2 %

• Cut slopes > 25 ft high  - 100% 

• 8.2 miles rock cut slopes / 8.6 miles of 
verified - 95.3 %



DEM-Hillshade Map/ ArcGIS
Lat/Long
Slope Height
Slope Angle
Slope Length
Catchment Ditch Width/Depth
Route Width or Trail Width 
Percent of Decision Sight Distance 
(Judge avoidance ability on trails) –
SSD (Shortest Straight Distance)

Street-Level Imagery

Rockfall – Block Size
Slope Drainage 
Structural Condition
Rock Friction
Differential Erosion Features 
Differential Erosion Rates 
Detailed Rating Parameters

Field Verification

Qualitative/quantitative measurements

METHODS - Rockfall Hazard Rating
Data 
Source 
Used

Traditional 
Data SourceParameters

Si
te

 In
fo

rm
a

tio
n

Street-Level 
Imagery

Field VisitHazard Type
ArcGIS Bae 
MapVDOTRoute No.

Field VisitBeginning Mile Marker
Field VisitLat/Long

ArcGIS Aerial 
Imagery

Field Visit
Road Length Affected

ArcGIS ToolsField VisitSlope Height
ArcGIS ToolsField VisitSlope Angle
ArcGIS 
Aerial 
Imagery

Field Visit
Sight Distance

ArcGIS Aerial 
Imagery

Field Visit
Affected Roadway Width

ArcGIS Aerial 
Imagery

Field Visit
Catchment Ditch Width/Depth

NOAAAnnual Rainfall 
Street-Level 
Imagery

Field VisitRockfall – Ditch Effectiveness

Pr
e

lim
in

a
ry

 
Ra

tin
g

 
Pa

ra
m

e
te

rs

VDOTRockfall – Rockfall History

ArcGIS Aerial 
Imagery

Field VisitRockfall – Block Size

VDOTImpact on Use

VDOT
AADT / Usage / Economic or 
Recreational Importance

ArcGIS Aerial 
Imagery

Field VisitSlope Drainage 

D
e

ta
ile

d
 R

a
tin

g
 P

a
ra

m
e

te
rs

NOAAAnnual Rainfall 
ArcGIS ToolsField VisitSlope Height 

VDOT
Rockfall-Related Maintenance 
Frequency

ArcGIS Aerial 
Imagery

Field VisitStructural Condition

Street-Level 
Imagery

Field VisitRock Friction

Street-Level 
Imagery

Field VisitDifferential Erosion Features 

Street-Level 
Imagery

Field VisitDifferential Erosion Rates 

ArcGIS Aerial 
Imagery

Field VisitRoute Width or Trail Width 

VDOTVDOTHuman Exposure Factor 
Street-Level 
Imagery

Field Visit
Percent of Decision Sight Distance 
(Judge avoidance ability on trails) 

VDOTRight of Way 

VDOT
Environmental/Cultural Impacts if 
Left Unattended

VDOTMaintenance Complexity



METHODS - Rockfall Hazard Rating ( RHRS)

Quantitative /Qualitative Measurements



RESULTS- Rockfall Hazard Rating ( RHRS)
Site 13Site 12Site 11Site 10Site 9Site 8Site 7Site 6Site 5Site 4Site 3Site 2Site 1Parameters

Quantitative Measured Parameters Values

26242120232020181820251818Roadway Width 
(ft)

120093410948601021916120025355743511651800253Road Length (ft)

3313165160101601158310264508083Slope Height (ft)

60657065706083505665808050Slope Angle 
(Deg.)

47055004702400517210029251618919716511044516Sight Distance 
(ft)

3 to 55 to 
10

541 to 242 to 3<13 to 5<0.54 to 5<1Rock Block Size 
(ft)

Qualitative Determined Parameters Scores

8138138138193813273Catchment Ditch 
Effectiveness

8181818198127381381813Rockfall Size

32733933333333Slope Drainage

27272727272727272727272727Annual RF

98181818181812781998181Slope Height (ft)

381999981818133381Structural 
Condition

27279999927272727927Rock Friction

8133333933381273Differential 
Erosion Features

813333393339273Differential 
Erosion Rates



RESULTS-RHRS

Slope 
Angle 

(degrees
)

Field 
Slope 
Angle 

(degrees)

Slope 
Height 

(ft)

Field 
Slope 
Height 

(ft)

Roadway 
Width (ft)

Field 
Roadway 
Width (ft)

Slope 
Length (ft)

Field 
Slope 

Length (ft)
Site

5044837318272531392Site 1
80908084182318001160Site 2
809050135253811651740Site 3
656064392023435443Site 4
567010210818245571276Site 5
50908314418242531450Site 6
8390115432024120030Site 7
609060782021916290Site 8
709010146232410212465Site 9

6590160912021860522Site 
10

7090652921251094191Site 
11

659013115624269343190Site 
12

60903325262012001252Site 
13

RESULTS-Rockfall Hazard Rating ( RHRS)

DEM/Street-level 
View VS Field (VDOT)

DEM/Street-level 
Image VS Field (PI)Parameter

810Catchment Ditch 
Effectiveness

68Structural Condition

510Rock Friction

58Differential Erosion 
Features

59Differential Erosion Rates

Field VS Desktop Data



BENEFITS

Average 
Cost Per 

Site 
Total Cost 

Average
Time Per Site 

(minutes)

Total Time 
(days)a Method

No 
of 

Sites
Tasks

$9.0$1,28010.83.2DEM/Street-level 
Imagery142Inventory 

Preparation
$65.5$9,2915115Field

$37.5$490451.2DEM/Street-level 
Imagery 13USMP  RHRS 

$310$4,0262406.5Field



DEM/GIS/Desktop Search
Slope Geometry, Location, Rockfall History, AADT, Human Exposure Factor, Annual Rainfall

Street-Level Imagery
Catchment Ditch Effectiveness, Block size/volume, Slope Drainage, Geologic 

Characterization, Percent Shortest Straight Distance (% SSD)

Field Assessment
Drainage, Geologic Characterization, Percent Shortest Straight 

Distance (% SSD)

Detailed Impact Assessment
Impact on Use, Right of Way Impact (if left unattended) 

,
Environmental/Cultural Impact (if left unattended), 

Maintenance Complexity, and Event cost

GAM RECOMMENDATIONS

Performance Monitoring

Integrated  Inventory and Rockfall Hazard/Risk Rating



FUTURE RESEARCH NEEDS

Performance Monitoring

• Digital monitoring, such as terrestrial or drone LiDAR, 

• Using object detection models to identify hazard indicators such as 
overhangs and the presence of accumulated rockfall debris.



• The use of high resolution (1m×1m) DEM in conjunction with 
street-level imagery is an efficient tool to collect data to 
manage rock cut slopes

• Large areas can be covered

• Relatively short time

• Safe

CONCLUSIONS



Thank You



Geotechnical Performance Goals

Inventory, USMP Rating and Condition Assessment

Performance Modeling and Measuring

Monitor Performance

Project Alternatives, Cost and Economic Analysis

Decision Support- Priority Selection, Short and Long Term Allocation 
of Funds

USMP GAM Roadmap (Beckstrand et al., 2019)


