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Project Location

• Add small scale map
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Location



Site Geology

• Epler Formation –
(“Engineering 
Characteristics of the 
Rocks of Pennsylvania” ):
– Limestone 

interbedded with 
dolomite

– Common 
Characteristics
• Bedrock pinnacles
• Sinkholes and 

caves
• Cavernous areas



Site History

• Long history of sinkhole activity at site
• 1950’s – Sinkholes documented
• 1979 – Sinkhole closed center lane
• 1982 – Sinkholes along shoulder
• 1992 – Sinkhole at S. Green Street Int.

(Repair: concrete and aggregate)
• 1993 – Sinkholes adjacent to SR 422
• 2009 – Sinkholes closed SR 422

(Repair: concrete and aggregate)
• 2014 – Sinkholes closed SR 422

(Repair: Land bridge)
• 2017 – Sinkholes in shoulder

(Repair: Sinkhole Safety Net)
• 2019 – Sinkholes closed SR 422



SR422 Sinkhole Safety Net

Palmyra Bowling/  
Sinkhole Saloon

2014 Sinkhole Repair – Land Bridge



2014 Sinkhole Repair – Land Bridge

• Concrete Slab with Edge Beams • Drilled Shaft Supports

Encountered sinkhole 
during installation



2017 Sinkhole Repair – Safety Net (i.e., layers of geosynthetics)

• PennDOT considered many conceptual designs:
– “Buried Bridge”, similar to 2014 repair
– Structural Concrete Slab
– Unreinforced Concrete Slab

• PennDOT not comfortable with closing SR 422 for long duration. Developed 
Sinkhole Safety Net concept

• Intention is to mitigate and minimize the impact of future sinkholes
• Not intended to prevent future sinkhole events
• Provides means to better manage future events



SR 422 Emergency Sinkhole Repair Project (District 8-0)
Approximate Limits 

of Quarry

Quarry Pit Elev.
–52 ft

N
Quarry Inflow Zone
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of Quarry
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2017 Sinkhole Repair – Safety Net Typical Section

30 inches



SR422 Sinkhole Safety Net
2017 Sinkhole Safety Net

2014 Repair –
Structural Slab on 
Drilled Shafts

2017 Repair –
Geosynthetic Reinforced 

Sinkhole Safety Net

Active Sinkhole 
Zone



2017 Sinkhole Repair - Safety Net Construction

Excavation for Safety Net (2014 Land Bridge Exposed)



2019 Sinkhole Repair

• Depression in westbound 
lane of S.R. 422

• Steadily increased in depth
• PennDOT forced to close 

the roadway in June 2019
• Gannett Fleming, Inc. 

contacted by PennDOT to 
assist in a “long-term” 
repair solution

• “Safety Net” was good, 
but required immediate 
maintenance when 
depressions formed



2019 Sinkhole Repair - Timeline

• S.R. 422 closed in early June 2019
– Occurred within 2017 Safety Net Repair (adjacent to 2014 Land Bridge)

• PennDOT contacts Gannett Fleming on July 2, 2019
• PennDOT and Gannett Fleming meet on July 3, 2019 to discuss the issue and 

develop a repair strategy
• PennDOT and Gannett Fleming work through the July 4th holiday and 

following weekend to assess the site conditions and develop solutions to 
repair the road

• Within 5 days, the project team determined that the safest solution for the 
traveling public was a structural concrete slab supported by micropiles



2019 Sinkhole Repair - Timeline (Cont’d.)

• Proposed repair is a “robust” design
– Micropile supported structural slab

• Provides redundancy
• Ease of installation
• Low likelihood of catastrophic failure if future sinkhole develops

– Design to account for unsupported pile length and 1 pile/row being “lost”

• Final Plans delivered on July 17, 2019
• Micropile construction started August 7, 2019
• Micropile construction completed September 13, 2019
• Construction completed/road re-opened November 2019



Design of Micropiles – Geotechnical Data

• Sinkhole repair needed ASAP…no time for exploration
• Historic data available

– Quality and reliability was a concern
– Most of the data was not linked to common baseline

• Exact locations of data was unknown
• Air track borings – 1960’s through 2019
• Electrical resistivity survey (geophysical technique)

– Limited value due to location/quality of data



Plan of Existing Subsurface Data



2019 Sinkhole Repair – Micropile Basics

• What are they?
– Small diameter (≤9 5/8” O.D.), drilled and grouted pile, with steel 

reinforcement
• How do they obtain capacity?

– Grout-to-ground bond (typically in rock)
• How are they constructed? 

– Multiple ways to construct, but typically….
– Drill a cased borehole using percussion drilling methods to 

design depth (Duplex drilling)
– Tremie grout hole
– Place steel reinforcement with centralizers



2019 Sinkhole Repair – Micropile Design

• Micropiles are in compression and founded in rock
• Design per AASHTO and PennDOT LRFD design 

standards
• Design must account for:

– Geotechnical Bond Resistance
– Structural Resistance of cased portion of micropile
– Structural Resistance of uncased portion of micropile

• Typically, either Geotechnical or Uncased Resistance 
control design!



2019 Sinkhole Repair – Micropile Resistance

• What is factored axial resistance to compression 
loads?
– Geotechnical Resistance, Qr = 363 Kips
– Structural Resistance, Cased Length, Qcc = 701 Kips
– Structural Resistance, Uncased Length, Qcu = 327 kips

Uncased Structural Resistance 
Controls Design



2019 Sinkhole Repair – Micropile Design Summary

• Bond Zone:
– 5’ of continuous limestone bedrock
– Install micropile casing 1’ into bedrock (i.e., 6’ of bedrock required)

• Purpose - to limit grout loss at soil/rock interface 
• Materials:

– Micropile Casing
• API N80 Steel Casing Pipe
• 9.625” O.D.
• 0.472” Wall Thickness
• Fy = 80 ksi

– Micropile Reinforcing Bar
• Grade 75 Rebar (Fy = 75 ksi)
• #18 Bar (As = 4.00 in2)
• #24 Bar (As = 6.82 in2) for test micropiles



2019 Sinkhole Repair – Micropile Design Summary (Cont’d.)

• Materials:
– Grout

• f’c = 2 ksi @ 3 days
• f’c = 5 ksi @ 28 days

• Load Test
– 2 Verification load tests required due to short bond length 

and high grout-to ground bond resistance factor
• OK to use production piles as load test reaction piles

– Maximum test load = 2 x design load / 2 reaction piles



2019 Sinkhole Repair – Micropile Design Details



2019 Sinkhole Repair – Repair Area

• Micropile supported slab starts at 2014 land bridge
• Extend new slab 280 feet (i.e., limits of 2017 safety net repair)
• Total Width = 38 feet

2017 Safety Net 
Repair Area

2014 Land Bridge 
Repair Area



2014 Through 2019 Repairs – Profile Section



2019 Sinkhole Repair – Structural Design

• Redundancy in design…assume the loss of 1 pile per row
• Micropile unsupported length = 25 feet 

– i.e., Micropiles will support slab if future sinkhole(s) occur provided the 
unsupported pile length is less than 25 feet

• Slab thickness controlled by punching shear
• Future monitoring capability provided…

– “Manholes” provided in slab for future monitoring of ground conditions below 
slab

– Provide access to fill voids
– 45 ft. maximum spacing
– 7” minimum diameter
– Installed more in “problem” areas



2019 Sinkhole Repair – Structural Design

• Plan View…

84 Total Micropiles:
4 piles/row
21 rows

30 Monitoring Locations
2 Test Piles



SR 422 Emergency Sinkhole Repair Project – Structural Design

• Typical Section…



2019 Sinkhole Repair – Micropile Inspection

• GF inspected micropile installation – Developed workflow plan….



2019 Sinkhole Repair – Micropile Inspection

• Grouting Procedure:
– Determine theoretical volume of the drill hole
– Verify tremie grout tube is at the bottom of the drill hole
– Monitor and record volume of grout placed in the drill hole
– Proceed with grouting until…

• Full return of uncontaminated grout to the surface, or
• 2 times the theoretical volume of grout is placed in the drill hole

– If 2 times theoretical is placed – stop grouting and allow grout to set for 12 hours
– After a minimum of 12 hours, measure the depth of grout in hole and redrill hole 

to the tip elevation
– Proceed with grouting
– If 2nd grouting attempt is unsuccessful, GF and Contractor to determine 

appropriate next steps



SR 422 Emergency Sinkhole Repair Project – Micropile Construction



SR 422 Emergency Sinkhole Repair Project – Micropile Construction



SR 422 Emergency Sinkhole Repair Project – Micropile Construction



SR 422 Emergency Sinkhole Repair Project – Micropile Construction



2019 Sinkhole Repair – Grouting

• Add a picture that shows the tremie tube!



2019 Sinkhole Repair – Grout Testing

• Mud Balance (API RP-13B-1)
– Used to determine unit weight

• Flow Cone (ASTM C939)
– Used to determine flowability

• Compressive Strength (AASHTO T106)
– 2-inch square cubes



2019 Sinkhole Repair – Grout Testing (Cont’d.)

Required grout 
compressive strength = 
2,000 psi @ 3 days and 
5,000 psi @ 28 days



2019 Sinkhole Repair – Micropile Reinforcement



SR 422 Emergency Sinkhole Repair Project – Grouting



2019 Sinkhole Repair – Micropile Logging and Record Keeping



2019 Sinkhole Repair – Inspection



2019 Sinkhole Repair – Micropile Load Testing

• Why do load tests?
– Verify design assumptions concerning bond zone strength
– Adequacy of Contractor’s installation methods 

• Criteria for passing?
– Pile must sustain the design load (i.e., service load) with no 

more than 0.75 inches of vertical movement
– Failure does not occur at 2 times the design load
– Creep rate requirements!



Load Test Plan



2019 Sinkhole Repair - Load Test Setup



2019 Sinkhole Repair - Load Test Gauges



2019 Sinkhole Repair - Load Test Jack and Recording Equipment



Loat Test Graph



2019 Sinkhole Repair – 3D Model

• Developed to assist with replacing piles that were 
abandoned



2019 Sinkhole Repair – Completed Micropile Stats

• 89 Micropiles Installed
• (84 production piles + 2 test piles + 3 abandoned piles)

– 86 planned (84 production + 2 test piles)
• Total Length = 4,436.5 feet (Estimated 4,957 feet)
• Minimum length = 17.5 feet
• Maximum length = 179.5 feet
• Average ~ 50 feet



2019 Sinkhole Repair - Bottom Rebar Mat and Inspection Ports



2019 Sinkhole Repair - Top Rebar Mat and Inspection Ports



2019 Sinkhole Repair – Concrete Placement



2019 Sinkhole Repair – Screeding and Finishing Concrete



2019 Sinkhole Repair – Construction Complete!



Questions?

Thank you to the 2020 Mid‐Atlantic QAW 
and PennDOT!


