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• What is photogrammetry?

• What are we investigating?

• Step 1: Reconnaissance

• Step 2: UAV flight planning and data acquisition

• Step 3: Create the digital outcrop

• Step 4: Hazard identification

• Falling blocks (for rockfall simulation programs like CRSP)

• Wedge, plane, and toppling failures (Hoek Bray stereonet analysis)

• Undercutting, corrosion, general damage (Rock bolt performance 

assessment)

• Step 5: What did we learn and how can we improve the workflow?

OUTLINE



P H O T O G R A M M E T R Y
• Reverses photographic process;  

back to 3d

• Minimum of  2 images

• Points  of  in terest

• Ident i fy poi  in  2d images

• Thousands to tens of  

thousands per  image

• Compare poi  across a l l  images to 

create matches

• Can set  number of  matches 

necessary 

• Tr iangulat ion

• In tersect ing l ines in  space are 

used to compute the locat ion of  a  

point  in  a l l  three d imensions

• Need mul t ip le camera pos i t ions 

and angles 



ROCKFALL HAZARD



ROCKFALL HAZARD



D E S K T O P  S T U D Y  /  F I E L D  R E C O N N A I S S A N C E

Glassport-Elizabeth Road 

PennDOT Test Site



Geology Overview

▪ Thick, resistant, massive layer is the Morgantown Sandstone.
▪ Overlain and underlain by weak, coal-bearing clay rocks (Clarksburg Clay and 

Wellersburg Clay). 

▪ Three Problems:
1. Undercutting of Morgantown Sandstone removes vertical support.

2. Sub-vertical / slope-face-parallel valley stress relief joints result from ancient and modern removal 

of lateral support…form sliding wedges, sliding blocks, and toppling blocks.

3. Erosion of weak rocks above allows water into joints behind the slope face…freeze/thaw 

separates slabs from intact slope…failure. In this case, a large sliding block / slab.

Source: Mining and Physiography, Allegheny County,

A.C. Ackenheil & Associates, Inc., 1968D E S K T O P  S T U D Y  /  F I E L D  R E C O N N A I S S A N C E
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SETUP AND DATA ACQUISIT ION

1.  UP CLOSE AND PERSONAL

2.  SURVEY GROUND 

CONTROL POINTS

3. PROGRAMMED / 

ENGINEERED FLIGHT

4.   GLAMOUR SHOTS



PROGRAMMED FLIGHT PLAN



CREATING THE DIGITAL OUTCROP



THE LOW-

HANGING FRUIT



SUMMARY OF HAZARDOUS BLOCKS

Object

Volume 

(Cubic 

Meters)

Rock Mass 

(Kg)
Height (m)

Potential 

Energy 

(Joules)

Lithology

A 2.2 5,257 29.7 1,528,011 Siltstone

B 1.6 3,804 25.3 942,988
Siltstone 

Sandstone

C 4.8 11,498 25.3 2,850,581
Siltstone 

Sandstone

D 9.6 22,777 20.7 4,626,395 Sandstone

E 29.1 69,108 31.7 21,468,605
Siltstone 

Sandstone

F 8.4 19,885 40.8 7,941,224 Claystone

G 5.7 13,507 37.9 5,014,991 Claystone
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DISCONTINUITY MAPPING

LINE TRACE



STEREONET TIME!



STEREONET TIME!



DISCONTINUITY STATISTICS

130
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HOEK-BRAY STEREONET ANALYSIS



HOEK-BRAY STEREONET ANALYSIS
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SR885 – BOULEVARD OF THE 

ALLIES – DUQUESNE BLUFF… 

ROCKBOLT INVENTORY AND 

ASSESSMENT

• Change our  focus f rom the  

per formance of  an 

engineered rock s lope 

above a  major  roadw ay to  

the  per formance of  

engineered improvements  

below  a  major  roadw ay

















A s imple ,  act ionable  l is t  o f  

defects  that  require  a t tent ion 

is  the  opt imum del iverable  

f rom a  s tudy l ike  th is…

pr ior i t ize  and prov ide  to  the  

cl ient  or  a  contractor  for  

repai r .

!!!



CONCLUSIONS



• What did we learn?

1. This is no replacement for the engineer or geologist’s understanding or ground 

truthing.

2. UAVs are only a tool for data collection…

3. …but you do get an immense amount of data that would be otherwise inaccessible. 

4. Plan and program your UAV flights meticulously…

5. …but be prepared to modify or expand your data acquisition to infill or focus.

6. On a well-exposed rock face, airborne photogrammetry is an economical alternative to 

airborne LiDAR.

7. Project benefits: increased safety, decreased field time, a visual record of the site for 

reference

• How can we improve the workflow?

1. Treat large slopes with a zoned approach to spatially classify risk.

2. Time of day and time of year are important for maximizing quality data (shadows and 

vegetation).

3. Practice makes perfect…thank you to PennDOT and Gannett for these opportunities.
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THANK YOU!

Q U E S T I O N S  A N D  

C O M M E N T S ?


