18th Annual Technical Forum
Geohazards Impacting Transportation in Appalachia

Working Against Gravity: Mitigating Rock
Slopes and Landslides in Westernport, MD




Presentation Overview

* Introduction to Geologic Setting

* Introduction to Geohazards Impacting Route 135
 Recommended Mitigative Treatments

e Design Overview

e Conclusion
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Physiographic Map of MD

Appalachian Blue
Plateaus Ridge and Valley Ridge
Province Piedmont Plateau Province - A”egheny Mountain

Province Province

Fall "% | Section
= Characterized By Wide

Folded Iachian Great § . .:;CS Western Shore B
Mountains Section / Valley 3 e Lowdands ndges separated by
Section /5 Region b d ” . I
Westernport road vall€ys, plunge
Gy direction on broad folds
Physiographic Provinces Parkmde produces topographic
and Their « baS|nS
Subdivisions in Maryland Atlantic
Continental
e —_— M Shal
0 miles 50 <

| Province

Coastal Plain Province
Embayed Section

Province Boundary
Subdivision Boundary

Maryland Geological Survey
January, 2001

http:/Awww.mgs.md.gov




Geologic Map of MD
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Site Development History

= Roadway Construction
= Constructed in Stages in Early 1900’s
= Roadway Improved From 1929 Through 1940
= Additional Rock Slope Cut in 1950's
= Historic Slope Instability
= Large Slide in 1939 resulting in 60,000 CY of Debris
= Large Slide in 1996
= Activation of Historic Slide (450’ Long; Extends 160" Upslope)

= Multiple Rockfalls and Landslides Each Generating Hundreds of Yards of Debris
Occurred Over Past 15 Years

= Large Rockfall Event in January of 2016 Prompted Emergency Stabilization at Western
End of Project Limits
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Previous Investigation Activities

= 2017 Geologic Assessment Report
= Completed By EA Engineering/Schnabel Engineering Joint Venture
= Provided Geologic Overview and History of Site and Slope Instability
= Developed a Topographic Site Plan Using LIDAR
= Conducted Field Mapping to Identify Current and Past Hazards
= Conducted a Geophysical Investigation of Select Sections
= Slope Stability Assessment
= Resulted in the Identification of 20 Discrete Slope Sections for Risk Assessment
= |dentified Two Sections as High Risk and 5 Sections as Medium-High Risk
= Developed Mitigation Concepts for Each of the 7 Sections
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Current Design Activities

= Review of 2017 Geologic Assessment
Report

= Conduct Field Reconnaissance
= Verify Conditions of Assessment Report

= Select Final Mitigation Scheme for 6 Slope
Sections; One Section Was Not Included in &
Current Scope

= Drone Survey of Slope Sections

= Produced Digital Surface Model;
Orthoimages, 3D Photorealistic Model;
Oblique Photos For Use in Design and
Plan Presentation

= Prepare Final Design and Plans,
Specifications, and Estimates for Each
Section
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Slope Section Map
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Slope Section 2
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Slope Section 7

Rockfall Hazards Due To Erosion of Fines
Allowing Boulders to Roll Out of Slope

Limited Rockfall
Collection Area
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Slope Section 9
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Slope Section 14
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Slope Section 16
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Slope Section 18
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Section 2 Design Details
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Section 7 Plan View
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Section 7 Typical Cut Section

. — i CHECE TREMCH EVERT
SEE hHCHCE IETE Y
TRENTR nEﬂJL_\ VETEIL [ 38 i VERTLEALL
—T T }
iEE TrP[taL AncHER b a
l||'_T'~"='ﬂl: all 1" o MAK, § o b
. CENTER OF THEWCH 1o
., _! & n & - N n 1" =6" [MAN, ]
1000 —+ S i LONER BOUMDART
L N
) a1 KR
1 1
5 LA a a 5
ARCHO# THERCH - Tl
TRENE :vlgrs Ic. 1L STABILIZATIGN - EH o
SPECLFICATION SECTION 0.0, Y a "
1 1 1
R [ - |
1 1 1
PREFANE SLCPE SURFACE AMy SEED mp"g'm}.."p'fifw' Lo * I * !
1M AECERGSREE WITH ‘r‘ [ % hex
SPECIFICATION SECTION 109, - A .l A
[ |II 1
)
| nown SLOPE
FABRIC PIWS (TR0 Fasnc Fln —
PER SECTION 92c. 0% 021 1 1TYR.2 SOIL STABILIZATION WAT
mo - VP, n i
mOT To SCALE
ErLSTING GRomD
REGRADED SLOPE FACE
oo -+
.,‘ﬂ-‘;"ﬁﬁﬁ’,.':", PREPARE SLOFE SURFACE AKED SEET
ur SLOPE 18 _ACCOROAKCE WIT|
\ SPECIFICATION SECTION 703,
17 E N
1 TPE © - ROLLED SOIL TEE L - N
¥ STAILL[ZATION WAT WhT s aEEibinE R
20 Wl |~ FROIUCT [M ACCORDARCE WITH e, SFECIFICATION SECTION S20.05.
SPEC[F[CATIONS SECTION 520,05
®Wo -+ FABRLC FIN
AT nvERLar N
BN Wl 1.5 (N}
] 11 AEARLE PIN ITTE
\ acconiascE wlTH SECTLON
—1— 920080211
15 AR
VAT [0 S0IL STASILIZATION WAT
OVERL AM™1MG ERD
2 { UPSLOFE POATLON DN TOR) Pen secriow ol (ELegs [ VE]CAL AMCHOR TH DETA
w T g WOT TO SCALE
- YA AN AT AT AT ROLL ENCE
= AT ',./_
m
l 4
¥ .,
AEILITATION b S MO 135 =T T
Y - -—- —t .
MO T p
HOT T SCALE .
,
"
y y y y y y \ \ \ \ \ y y y )
t t t t t t t t t t t t t t |
-1 100 -80 -fo -G B -an -0 =20 -1 a a mn 0




Section 9 Plan View
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Section 9 Design Details

.
WINGLET ROPES,
BATTER AS_NEEDEQ
TO ANCHOR INTO ROCK\, -
-
—~ — EXISTING GROUND
1005 T APESOXIMATE CHANNEL WIDTH AT TOP OF FLEXIBLE FENCE #73' -1 SURF ACE
. - -
j"n\_‘ UPPER SUPPORT RUPES—\' - - e
. _ -
1000 + \ -
995 T
£l \
: SANDSTONE
APPROXIMATE CHANNEL WIDTH AT BOTOM OF FENCE *32' | DUTCAOP
290 +
/ Rt B SRR T 3
R .
%8s T SOIL AND ROCK WATRIX BOTTOM SUPPORT ROPES
EXISTING EROSION
CHANNELS
980 } } } } } } } } } |
-50 -a0 -30 -20 -10 o 10 20 30 40 50
WINGLET SUPPORT
ROPES ABRASSION
UPPER SUPPORT PROTECTION
! ROPES
“ SUPPORT POSTS ]
p R i i i i - -
f___f:__d___ﬂ - ':J.' \v SUFFORT POST ""-::::“-q.h_
= ~—RETALNING ROPES T
-— B . n -
— ROCK QUTCROF BORDER ROPES IANCHORED) ROCK OUTCROP =
A OLE SUPPORT ROPES
= O /C €
— T
T RING NET — BRAKE -~
- RINGS —
] ROPE ANCHORS 115'- 20' TYP.)
] [ . SEE MOTE 3.
— T —_—— T
5 ~ e ——
L T
T— T
TITLE PLACEHOLDER — -

BOTTOM SUPPORT ROPES OFEN CHANMEL



Section 14 Photomosaic Design Layout
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Section 14 Design Details
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Section 16 Photomosaic Design Layout
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Section 16 Design Details
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Section 18 Design Details
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Section 18 Design Details
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Mitigation Summary

Major Mitigation Items

Slope Section

7 9 14 16 18 Total
Rock Dowels (Each) 74 26 52 112 48 312
Wire Mesh (Square Yards) 600 400 1,100 840 2,940
Shotcrete (Cubic Yards) 74 46 100 220
Excavation (Cubic Yards) 149 3,700 74 192 650 4,765
Scaling (Hours) 32 32 32 96
Turf Reinforcement Mat (Square Yards) 489 200 315 840 1,844
Flexible Debris Flow Barrier (Square Feet) 489 600 200 315 840 2,444




Conclusions

= The Topography, Geology, and Urban Development of the Appalachian
Region Creates Numerous Geohazards Impacting Transportation
Corridors

= Traditional Methods of Rock and Solil Slope Stabilization, such as
Flattening Slopes, Often Resulted in Significant Environmental and
Property Impacts

= New Technology Such as LIDAR and Unmanned Aerial Vehicles Allow
Designers to Collect and Quickly Assess Data and Design “Right-Sized”
Mitigative Solutions

= New Construction Techniques and Materials Often Allow for In-Situ
Stabilization, Reducing Property and Environmental Impacts



Acknowledgements:

Maryland Department of Transportation
Eric Dougherty
Karen Kalbaugh

EA Engineering/Schnabel Engineering

Thank you!



	Slide Number 1
	Presentation Overview
	Project Location
	Physiographic Map of MD
	Geologic Map of MD
	Site Development History
	Previous Investigation Activities
	Current Design Activities
	Slope Section Map
	Slope Section 2
	Slope Section 7
	Slope Section 9
	Slope Section 14
	Slope Section 16
	Slope Section 18
	Section 2 Photomosaic Design Layout
	Section 2 Design Details
	Section 7 Plan View
	Section 7 Typical Cut Section
	Section 9 Plan View
	Section 9 Design Details
	Section 14 Photomosaic Design Layout
	Section 14 Design Details
	Section 16 Photomosaic Design Layout
	Section 16 Design Details
	Section 18 Design Details
	Section 18 Design Details
	Mitigation Summary
	Conclusions
	Acknowledgements:��Maryland Department of Transportation�	Eric Dougherty�	Karen Kalbaugh�EA Engineering/Schnabel Engineering���Thank you!

