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OUTLINE

* 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?
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PHOTOGRAMMETRY

. II::c\;/kertf.)e;dphotographic process; ” ‘ ” ‘

« Minimum of 2 images
« Points of interest
« ldentify poi in 2d images
- Thousands to tens of \ N/ ‘ QY / »
thousands per image \ ,.vb/ i v@

« Compare poi across all images to

create matches Single point trianqulation Multipie point triangulation
e Can set number of matches
necessary ” ‘ ” .

 Triangulation

* Intersecting lines in space are
used to compute the location of a
point in all three dimensions

* Need multiple camera positions
and angles

Complete Overlap Case

DIGIOIAGRAY ' Eﬂ-ﬂﬂ"ﬁﬂ?&qﬁ Eannett' > P

ITT IRISE
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN TTAHETENTAT lermying it snmae ey

AP W DA B D W



ROCKFALL HAZARD
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ROCKFALL HAZARD
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DESKTOP STUDY / FIELD RECONNAISSANCE

—Glassport-Elizabeth Road
PennDOT Test Site

Approximate extent of data collection

QProject Area

10 kilometers

100 meters
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DESKTOP STUDY / FIELD RECONNAISSANCE S N ek amnell & A O s

e it PITTS BURGH SANDSTONE
= — Ay (OFTEN FINLLY -BEDDED WITH
: BLAEK SILTY SHALE]

Geology Overview

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

ITTSOURGH RID| AL (ERRATIE }

PITTSBURGH

FITTSBUREGH CODAL

Wellersburg Clay). | ot Bt
. Thl‘ee PI’Ob|emS EE ‘:’_2;_1:::1" I::::I:t:iv::::::u:nmunu
1. Undercutting of Morgantown Sandstone removes vertical support. EE_ WiEaREoGED .
2. Sub-vertical / slope-face-parallel valley stress relief joints result from ancient and modern removal z| E,:f:f::
of lateral support...form sliding wedges, sliding blocks, and toppling blocks. A = cLATERALE
3. Erosion of weak rocks above allows water into joints behind the slope face...freeze/thaw s CONNELLVILLE BANDETONE crese’
separates slabs from intact slope...failure. In this case, a large sliding block / slab. = P . ";LI....Q-"“‘;..'#..J‘.HW 7010’

\

\ MORGA NTOWN

MORGANTOWN SAWNDSTONE
MASSIVE ey

WELLERSBURG CLAY &y’

HRMINGHAM “SCHEMLEY" AED SEDS 5 tal¥

COINEMAUGH

BIRMINGHAN SANDSTONE ond SHALE
(SHALY T EAST) 4= wTd

GRAFTON

I . = ¥
== IIHDI-IESI:E CLAY and LIMESTONE
e URAFTON_ SAMDETONE !
e ’ﬁ‘ 0 RED BEDS
ot}‘. ‘p*t
_‘:2'!;‘_,__. ME:E LIMEATOH]
HIiB I TN 6
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SETUP AND DATA ACQUISITION

1. UP CLOSE AND PERSONAL
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SETUP AND DATA ACQUISITION

1. UP CLOSE AND PERSONAL

2. SURVEY GROUND
CONTROL POINTS
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SETUP AND DATA ACQUISITION

1. UP CLOSE AND PERSONAL

2. SURVEY GROUND
CONTROL POINTS

3. PROGRAMMED /
ENGINEERED FLIGHT
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SETUP AND DATA ACQUISITION

1. UP CLOSE AND PERSONAL

2. SURVEY GROUND
CONTROL POINTS

3. PROGRAMMED /
ENGINEERED FLIGHT
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1.

2

3.

4.

SETUP AND DATA ACQUISITION

UP CLOSE AND PERSONAL

. SURVEY GROUND
CONTROL POINTS

PROGRAMMED /
ENGINEERED FLIGHT

GLAMOUR SHOTS
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PROGRAMMED FLIGHT PLAN
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THE DIGITAL

( E v
X 4 3 3 . o T

UTCROP

i ="

. Lo polil SRR SRR LT S S R
NAD_1983_StatePlane_Pennsylvania_South_FIPS_3702_Feet (egm96) - (1373794.51, 364505.81, 883.70) [ft]
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THE LOW-
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SUMMARY OF HAZARDOUS BLOCKS
Volume Rock Mass Potential
Object (Cubic (Kg) Height (m) Energy Lithology
Meters) J (Joules)
A 2.2 5,257 29.7 1,528,011 Siltstone
B 1.6 3.804 25.3 942988 | Slltstone
Sandstone
C 4.8 11,498 25.3 2850581 | olltstone
Sandstone
D 9.6 22,777 20.7 4. 626,395 | Sandstone
E 29.1 69,108 31.7 21468,605 | > stone
Sandstone
F 8.4 19,885 40.8 7,941,224 | Claystone
5.7 13,507 37.9 5,014,991 | Claystone
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DISCONTINUITY MAPPING

0] #53 (#niiven
- 9 Frocursdon:
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DISCONTINUITY MAPPING
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DISCONTINUITY MAPPING
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DISCONTINUITY MAPPING

Iy

LINE TRACE
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DISCONTINUITY MAPPING
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STEREONET TIME!

Bedding
Fracture Set 1
Fracture Set 2

Slope Face
w/ Daylight
Envelope
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STEREONET TIME!

Bedding
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DISCONTINUITY STATISTICS

Slope Face

DIGIOIAGRAY
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Standard Standard
: ok Average S : %
Discontinuity , Deviation |Average Dip| Deviation
Count (n) Strike : :
Set , Strike (degrees) Dip
(azimuth)
(degrees) (degrees)
Bedding 55 278 41.7 11 NE 10.7
Fracture Set 1 47 018 19.7 75 SE 8.2
Fracture Set 2 28 105 20.2 69 SW 10.6
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DISCONTINUITY STATISTICS

Standard Standard
: ok Average S : %
Discontinuity , Deviation |Average Dip| Deviation
Count (n) Strike : ,
Set , Strike (degrees) Dip
(azimuth)
(degrees) (degrees)
Bedding 55 278 41.7 11 NE 10.7
Fracture Set 1 47 018 19.7 75 SE 8.2
Fracture Set 2 28 105 20.2 69 SW 10.6

Slope Face

117

72 SW
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HOEK-BRAY STEREONET ANALYSIS

slope face

Sliding Plane Failure

e poles to planes

daylight envelope

Discontinuity

+ 20° from

strike of slope

polar friction envelope
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HOEK-BRAY STEREONET ANALYSIS

= i Toppling Block Failure
/ < ._0\ e poles to planes
L] ’ ..g‘.\. ®
o . + 20° from
i strike of slope
] . Discontinuity
.ﬂg..:\.
{ C i
area of concern
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HOEK-BRAY STEREONET ANALYSIS
Sliding Wedge Failure

s intersections of planes

Intersection of
discontinuities

» . .
®) e, (vl

area of concern.

.
‘.‘.'.l

friction envelope
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SR885 - BOULEVARD OF THE - |
ALLIES - DUQUESNE BLUFF... T
ROCKBOLT INVENTORY AND i;gf e

ASSESSMENT 1. '_ fmmwm

1
| [8*PIN FILE (1TEM $000-0003)

BOLT (TYPE Bl
S000-0011)
INTERIOR & EXTERIOR CENTRALIZER

« Change our focus from the
performance of an
engineered rock slope
above a major roadway to
the performance of
engineered improvements
below a major roadway

ELEY. B52.00 OR ELEV. B43.00
(SEE ROCK BOLT SCHEDULE, SHEET 1)

[

LIMIT OF 174"

(ITEM 9000-0012)

15-0*

2
TER1OR IZER




B82.14% 882.19% 8R2,15¥ 882.02% 881.78%

{

;

J / .:‘
oo : Sl isi : Vs dinsiusilioden el
G113 14 T8 AT 18Lﬂ:! 1972021 [T 2228 T
;l_l; : 1 ; 4 P LU
:ﬂ’ ® o ; € ® il @ ® ﬂ:
||{ ® e F: . ® "_ ® . |_]-§
i e ool e [N o 1
0. ? = | 1%
NZZiizs A 1 850.0p
! —

.

N g
s o
H
H
- .

- ROCK BOLTS EXHIBITING DEFECTS

DIGIOIAGRAY

CONSULTING ENGINEERS & SCIENTISTS

pennsylvania A Gannett




Og—

1.39%¢ 81.74% _B81.99% 882,14 882.19¥ B8B2.15¥ 882.02% BB1.78¥

25000 &

- ROCK BOLTS EXHIBITING DEFECTS

DIGIOIAGRAY

CONSULTING ENGINEERS & SCIENTISTS

pennsylvanta PA] Sarmett RIS




D I G I O |AG R AY P_F,-nngyLva nia |'f_i‘j ,E:annett'

leming

CONSULTING ENGINEERS & SCIENTISTS DERANTVERT O ToAME7 CITATR



» » ) :. 4 .
AR AL IV LY
w.-,’ . "y ”‘.DJJ. MQ-M.L
- WO A

JINT,
NVA

.
-

Fannett
Fleming

Nsd... ,.?JA..

" . Wi ks ,. ..
; (e

A
vania [7AJ

ennsyl
ANTYEhTON T

L
e

CONSULTING ENGINEERS & SCIENTISTS



DIGIOIAGRAY

CONSULTING ENGINEERS & SCIENTISTS

pennsylania 7A Gannett S ERRNGIS




=7

E
1

= el .d - >
- .-——Z, - 0. T
. -—— - ”
R &3
- o < - s . -
: ‘. ) - qf-
s
-7 -
o e <.
_—
- l..
\ ‘._c
t‘ .
)

~ r———
ok,

‘¢

vy

FPIER UNDERCUT

]

e

.'-:v“\* il. '

DIGIOIAGRAY

CONSULTING ENGINEERS & SCIENTISTS

E

Wy pernsyvanie 7S Sarmett S RIGIS



DIGIOIAG RAY' ennsylvania [‘['ij,@annett'"

lerming

CONSULTING ENGINEERS & SCIENTISTS



STRUCTURE | ROCK BOLT ID MINOR DEFECT
1A Small Void to Right of Bolt. Appeards to Be Weathered Bedding in Sandstone
7C Bolt Located Near Vertical Jointl Small Rockfall May Expose Bolt in Future
70 Plate Showing Surface Corrosion
11C Spalling Concrete to Right of Bolt
‘; E 124 Void Behind Plate, Possible Abandoned Drill Hole . . .
53 14D Dental Concrete Undercut A Slmple actlonable IlSt Of
g : 15D Dental Concrete Undercut ]
i T 17D Tight Vertical Crack in Dental Concrete; Dental Concrete Undercut . -
180 - Dental Concrete Undercut defeCtS that reqUIre attentlon
15D Dental Concrete Undercut . . .
20D Dental Concrete Undercut IS the Optl mu m del Iverable
21D Dental Concrete Undercut . .
247 Debris Collecting on Plate f t d y I k t h
25A Undercutting of Plate r o m a S u I e I S e
32A Corrosion on Plate
33A Corrosion on Plate
368 Corrosion on Bolt . - . .
prioritize and provide to the
43A Corrosion Around Plate .
43B Caorrosion at Top of Plate I t t t f
43C Significant Corrsion on Plate C I e n O r a C O n r aC O r O r
44C Corrosion at Top of Plate .
458 Void Nearby r e p al r "
AaC Corrosion at Top of Plate
o — 478 Corrosion at Top of Plate
E 't§ 53C Corrosion on Plate
E n 57C Plate is Undercut
5 @9 58C Plate is Undercut
61A Corrosion Around Plate
65A Plate is Undercut
668 Drillhole Adjacent to Bolt
678 Drillhole Adjacent to Bolt
688 Drillhole Adjacent to Bolt
748 Plate is Undercut
778 Plate is Undercut
78B Significant Corrsion on Plate & Bolt I I I
82B Corrosion at Top of Plate e
838 Corrosion at Top of Plate
858 Caorrosion at Top of Plate
868 Dental Concrete is in Poor Condition; Void Adjacent to Bolt
90B Large Void Below Bolt; Bolt is Exposed Behind Plate —

Table 1: Tabulation of Rock Bolt Defects. Highlighted Bolts are Exhibiting Major Defects. D I G I o IAG R AY ' E'EL*ESEL"E‘“E:[@] ﬁgﬁﬁg ,}-u"’" E'ITI' IHISE
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CONCLUSIONS
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CONCLUSIONS

« What did we learn?

1.

o 0k wh

~

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

UAVs are only a tool for data collection...

...but you do get an immense amount of data that would be otherwise inaccessible.
Plan and program your UAV flights meticulously...

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

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

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

 How can we improve the workflow?

1.
2.

3.

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

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

Practice makes perfect...thank you to PennDOT and Gannett for these opportunities.
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QUESTIONS AND
COMMENTS

THANK YOU!



