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Micropile Supported Slab for Sinkhole Mitigation on S.R. 422

« Site Location

« Site Geology

* Sinkhole History

* Available Geotechnical Data
« 2019 Repair Strategy

* Design Details

* Micropile Inspection

* Load Testing

« Construction

@ Gannett Fleming

Excellence Delivered As Promised






Site Location

Sinkhole
Location

Googlc darth




Site Geology

Epler Formation —

("Engineering

Characteristics of the

Rocks of Pennsylvania” ):
— Limestone

interbedded with
dolomite

— Common
Characteristics

» Bedrock pinnacles

* Sinkholes and
caves

e Cavernous areas

@ Gannett Fleming

~
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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 (& Gannett Fleming

Excellence Delivered As Promised
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2014 Sinkhole Repair — Land Bridge

Concrete Slab with Edge Beams
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2017 Sinkhole Repair — Safety Net (i.e., layers of geosynthetics)

« PennDOQOT 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

@ Gannett Fleming
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2017 Sinkhole Repair — Safety Net Typical Section

Bituminous Concrete Pavement:
2 inches wearing
2.5 inches Binder
6 inches BCBC

Bituminous Concrete Pavement

Geosynthetic Layer Number
(Numbered from Bottom-Up)
8 — :
- — 10 e ] | Bmm mmm ! PET 1000/100 Geotextile — Layer 8B

8A Class 4A Geotextile— Layer 8A

No. 2A Subbase

4 inches
E O EEE B EEN § EEE § EEE F EEm 5 Emm " mmm = mmm B 4XT Geogrid - Layer 7
4 inches

7 —————— > =m

6 — > unmmasn

22XT Geogrid — Layer 6
4 inches

5B

24XT Geogrid — Layer 58
S5A _

Transverse 24XT Geogrid — Layer 5A
4inches
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RN
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ST S .
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:

A e e T2 T answerse 24T Geogrid - Layer 1A
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Typical Section — Flexible Sinkhole Safety Net — Roadway
(N.T.S.)

30 inches

[jﬂﬁﬁinwnettFQEnrﬁrqj

Excellence Delivered As Promised



TOR WUT FIRE Hr ORANT.

OISTRIET

COUNTY ROUTE | SECTLON

T o T T o TSl S L M, S — — — D
L0 CUT SW COR G VAULT B %& s01s 25. 76" 4 T LoqunEun:E:vi;n;ZEg & PALYRA- 4AG oy ,
E2s R T -
° o0 o NSThog
2t ow
— 2017 Sinkhole Safety Net " e L
— g
r‘_ = e ExTary
'T ER rim
; =7
£ |
2
| | i .
| & . 2017 Repair —
: | 2014 Repai = |
epair — —— Loh A . i
! E . : F;I b . 3 Geosynthetic Reinforced 4
| GLEW F. WARNER AND Ve tructu ra a on E — BUTLDING Wa o W
CORINNE J. WASNER ul i " % JS. 3 =Tl
| ;8 ; = TRV Sinkhole Safety Net -
i it Drilled Shafts
i
| g - T
| |_ BUILOING ] B % CONERETE [ 5 g ER: 5
—_— _an\ﬂ' E 5 & PAVED - § : Tl 2
—LEGAL SLOPE EASE = i E] -1 bl s . .
& + . LESAL RIGHT-OF-WAY LINE |E§:" | o g o & Be 2 312 %]
g | u CONERETE & FEoaor 25 | ?a T I = i ®
T E % eso.00 = 1| e g =3 3
2 ™ = 30.00 & ! E‘"ﬁ ' — L8 r
£ | 45000 ‘349 3! -~ -
Al S W WER OO P e Wi TR prmp———— 5
5 e e 52
= —v
—T 788
22 - -
———— i SURVEY & CONSTH O
| e == = .
=8 — ! . - — o seor E FMI; BIRAR o
A . LEGAL SuapE EASEENT, el R S A P T T fices
; 2 . ~ Yk ] 4 S* Tx.
—— : - o ° G e Al garmonr. § Byl T gmaraggd® 7 Ko ld
o i [ g EACAYATE ANy [ g SEED ARD WLLEH M (GHT-0r - D88 | rag P & =3
- 5 @ FENAINING FAY' T, +20 2253 4 & . - B w3 »s ) 5
= 8 e SEES g o =)l 55k £ T T LA S E T P
Faves 2 5’ = SEED AKD WLLC ! \55 ] =) ’ B e / ,' i i fls *—d_%—\‘,\ 00 P
-} H 1 3 =~ F I a &
ol | J N oy I | I TEMPORARY CONSTRUETLON EASEVENT 3 2 !L o = & [ngf:u’ # ;./?\ 3 o
5 — A ————— | i R CE - i g INTINE F F=
— W N— \! Eag I8 1 i - 4 I Jlugs: 11 ¥] & P
| 2k || s ILOINE 5 ; i ®icorg g L P I . F
B | g S e S Ty R B e
Ba'rw.llﬁ‘l | 3 §|§ + 3 + " L g i i i l [—.J.
=] %\ s
— + '"lp,: YORDY ENTERPRISES LP | l:: i ”?-_ 357 ‘" g
S S 2 - o . IS S
2, : a
G ]| e e | Active Sinkhole e
DATHWEST SAYINGS BANS | F | - ®
|4 I 2 Zone
D |
18

—_—

FNR '—?IZIZIZRIZT\IF‘IZl AN Y

SCALE
] 5 S0 FT
I —




2017 Sinkhole Repair - Safety Net Construction

Excavation for Safety Net (2014 Land Bridge Exposed)

@ Gannett Fleming
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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

@ Gannett Fleming

Excellence Delivered As Promised



2019 Sinkhole Repair - Timeline

* S.R. 422 closed in early June 2019
— Occurred within 2017 Safety Net Repair (adjacent to 2014 Land Bridge)
* PennDOQOT 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 4t 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

@ Gannett Fleming

Excellence Delivered As Promised



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
@ Gannett Fleming
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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

@ Gannett Fleming

Excellence Delivered As Promised



Plan of Existing Subsurface Data I
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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
@ Gannett Fleming
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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!

@ Gannett Fleming

Excellence Delivered As Promised



2019 Sinkhole Repair — Micropile Resistance

« What is factored axial resistance to compression
loads?

— Geotechnical Resistance, Q, = 363 Kips

— Structural Resistance, Cased Length, Q.. = 701 Kip

— Structural Resistance, Uncased Lengt @

Uncased Structural Resistance
Controls Design

@ Gannett Fleming

Excellence Delivered As Promised



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
* F, = 80ksi

— Micropile Reinforcing Bar
e Grade 75 Rebar (F, =75 ksi)
« #18 Bar (A, = 4.00 in?)
« #24 Bar (A, = 6.82 in?) for test micropiles

@ Gannett Fleming

Excellence Delivered As Promised



2019 Sinkhole Repair — Micropile Design Summary (Cont'd.)

 Materials:

— Grout
« f'.=2ksi @ 3 days
« f'. = 5ksi @ 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

@ Gannett Fleming

Excellence Delivered As Promised



2019 Sinkhole Repair — Micropile Design Details

CONCRETE SLAB—-]

A——ri
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T |
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(=]
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x ELEVATION

l
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BOND ZONE

¥18 BAR

GROUT
(f'c = 5.0 KSI MIN}

SECTION A-A

NQ SCALE

= 5.0 KSI MIN)

PILE LOADS (KIPS/PILE)

ITEM LOAD
FACTORED AXIAL COMPRESSIVE RESISTANCE, STRUCTURAL (PH[ = 0.85) 327K
FACTORED AXIAL COMPRESSIVE RESISTANCE, GROUT TC ROCK BOND (PHI = Q. 80) 327k
FACTORED AXIAL COMFRESSIVE LOAD 327K
LIMIT STATE STR-1
DESIGN LOAD (UNFACTORED) 220K
VERIFICATION TEST LOAD 440K




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

STATE ROUTE 422, PALMYRA, LEBANON COUNTY
Pavement on Multi-Level 280 Foot

Underground High Strength Reinforced

Reinforced Concrete Mesh (2017) Concrete Slab

Slab Bridge (2014) (2019 Proposed
\ Repair)

@ Gannett Fleming
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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

— Provide access to fill voids Monhorng Wel arfcies.
— 45 ft. maximum spacing o

— 7" minimum diameter

— Installed more in “problem” areas

$ 43.50

- 1+ EEEINTNE ©
A




2019 Sinkhole Repair — Structural Design
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SR 422 Emergency Sinkhole Repair Project — Structural Design

Typical Section...

frevs

e

38'-0" OUT TO ouT

—on | . 127 ~g" pr— g =gn PR
’ WESTBOUND LANE TURN LANE EASTBOUND LANE
VARIES ) 4}

L\ 7°-0" : 12 -0" 12°-0" 1 -0 INSPECTION

: | PORT SPACING
! SR_0422_SURV VARIES
| & R C
]

€ INSPECTION

[ FoRT ( TYP) /‘TUP OF SLAB

il h B

s 2A COARSE
i AGGREG TE !

| 9% " |
1 MICROFILE
| ({TYP)

e

SR 0422 SURVEY
r-_ CONSTR €

TYPICAL SECTION

1" 0

20 g

8’

Li

1 -g"
(TYP)

PILE SPACING

@ Gannett Fleming

Excellence Delivered As Promised



2019 Sinkhole Repair — Micropile Inspection

« GF inspected micropile installation — Developed workflow plan....

Micropile Inpection Guidance Document
Install every other pile in Rows B and D initally to determine the subsurface conditions within the work area.

The initial goal is to advance micropile hole a minimum of 6 feet into competent rock™. Alternate Criteria only to be considered after multiple adjacent piles do not achieve 6 feet of competent rock criteria.

6 feet competent rock obtained within 200 feet™

YES| NO
Begin micropile grouting and rebar installation'” Go to STEP 2 AND consider STEP 1A on replacement piles (if two failed attempts to achieve STEP 1 on adjacent micropiles) |
STEP 2 STEP 1A (ALTERNATE CRITERIA) |
|Abandon micropile and grout inplace |6feet competent rock not obtained within 150 feat™ |
|Direct contractor to the next micropile location I8 feet of intermittent rock® from 150 to 200 feet |
1 OR |
|Dri|\ micropile locations adjacent to abandoned location to gather rock info | |4 feet of continuous rock, soil seam < 1 foot , and seated in rock 2 feet below soil seam from 150 to 200 feet (6 rock total)
|Instal| a 2H:12V max. battered micropile within 3 feet of the abandoned micmpile(a) | YES| NO|
[Begin micropile grouting and rebar installation™ I Consult with Department and Contractor to determine next step

|Consult with Department regarding need for proof test

[Proof test micropile (if determined to be necessary) |

Notes:

1) Competent rock is defined as 6 feet of continuous rock without soil/clay seams, voids, or highly weathered, broken rock. 1' plunge length and 5' bond zone.
2) See micropile grouting work flow chart.
3) Intermittent rock with a combined total of soil seams < 2 feet with no one soil seam > 1 foot and seated in rock (2' min). If soil seam >1 foot, reset criteria.
4) The location and direction of the battered replacement micropile shall be in the direction of the known best quality of rock.

This will be determined on a case by case basis using previously obtained subsurface information as guidance.

The location and direction of other previously completed vertical and battered piles will also be considered as to limit concentrated loads in any one location.
5) If open void, as evidenced by sudden tool drop > 6 inches is encountered, reset criteria.




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

@ Gannett Fleming

Excellence Delivered As Promised
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2019 Sinkhole Repair — Grouting

@ Gannett Fleming
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2019 Sinkhole Repair — Grout Testing

* Mud Balance (APl RP-13B-1)

— Used to determine unit weight

*  Flow Cone (ASTM C939)
— Used to determine flowability

« Compressive Strength (AASHTO T106)
— 2-inch square cubes
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@ Gannett Fleming
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2019 Sinkhole Repair — Grout Testing (Cont'd.)

Office: (717) 569-0488

ATL Project No.:
Project:
Contractor:
Reported To:
Attention:

Pour Location:
Date Poured:
Grout Class, PSI:

AMERICAN TESTING LABORATORIES, INC.
784 FLORY MILL ROAD
LANCASTER, PA 17601-2734

Fax: (717) 569-3429

Grout Cube Compression Test Report

172229

8R 422 Palmyra Sinkhole

J D Eckman

J D Eckman

Mr. Justin Orient

TP2

08-08-19 Date Received: 08-12-19
2000 Supplier: None Reported

P.0.No.: PONo. 18:34
Report Date(s): 08-12-19

Date(s) To Be Tested: 08-12-19

Slump, in.: Air Content, %: Temperature, °F:
Compressive Strength Test Resul
Cylinder Size, in.:

Cylinder Cross Sectional Maximum Load, Unit Load, Age At Test,
Number Area, 8q In Pounds PsI Days

1 40 24,300 6080 4

2 40 24,000 6000 4

3 40 24,000 6000 4

Specification Requirements at: 1500 at 7 days age, 2000 at 28 days age,

Cylinders Molded By: Client

Tested By: Erk

Remarks:

CC via Fax

Mr. Justin Crient

Jorient@|deckmanine. com

Respectfully Submitted,
AMERICAN TESTING LABORATORIES, INC.

M. Jerry Miler jmiller@jdeckmanine.com

Conldertaty Wetice

Keith J. Kassees, PE
Chief Engineer
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Required grout
compressive strength =
2,000 psi @ 3 days and
5,000 psi @ 28 days

@ Gannett Fleming

Excellence Delivered As Promised



2019 Sinkhole Repair — Micropile Reinforcement







2019 Sinkhole Repair — Micropile Logging and Record Keeping

@ Gannett Fleming

Excellence Delivered As Promised



IE] Gannett Flermning EGMS No. 111832 & Gannett Fleming ECMS No. 111832

Micropile Drilling Log Micropile Installation & Grouting Log
Project. SR 0422 SEC 041 - Palmyra Si GF Pre i 2
) y oject No: 65830 = O Project: SR 0422 SEC 041 - Paimyra Sinkhole GF Project No: 5830
Location: Lebancn Co. Contractor.  JD Eckman - Redstone International & 1D Eck et | damaiks,
Client: PennDOT - Dist. -0 Inspector. _[* H.l/ Lncation:. Labianoni Go, : man -\ sens ot o
Dlion (omplote Cllent: PennDOT - Dist. 8-0 inspector: (.. Hallabon
__Pile No. B Graund Surface (GE) Flev. EFERL “Lostall Complete
Station / Ofiset | 700, 11.01 Pile Cutoff (CO) Elev. | 727.62 Pieno. | A& ] instatter | Horled Plloeiahd
Driling Date | &/22 /9 Botiom of Slab Elev. Ha1. 3R 5 =) Gl 08 s/slla 1o b= i
Drill Rig/Drill Method |Commacchia MC1200IDwex Time Driling Started 1[: 50 AM, Station / Offset /, 1D + 1.09 Time Installation Started ; A3 /D05 Ar
Dirill Rig Operator | Tifluc [ ofrall Time Drilling Ended | /: 75 pm Installation Dale H3/23 /19 Time Installation Ended | 8/2¢//9 /) o
Drill Bit Type and Size | f.353" Cased Length {frem CO Elev.) H47.95 ft Theoretical Grout Volume
Casing Diameter/Wiall Thickness |6.625 in / 0.472 in Piunge Length 10 ff Bepthi:  Msasurements Elyation = - P 7R
Hole Inclination O ° from vertical Uncased (Bond) Length 50 ft - S e mponent Volfft {ft*/ft) eng
Hale Bearing — Total Length {rom GO Elev.) |54, 45 R "30m casing ~— @ |A CasedHole 04 | x| 4745 [=] /95D &
B. Uncased Hole 0585 | x 5.0 =| 2935 #
Drilling Observations = =
TP o ] — (1) Slickupsher driting — @ |C.Rebar Volume 0028 | x = == )
from [ _ | D. Theoretical Grout Volume (A+B-C)| = | 22,43 &
El 7
- gl’.‘:;’;: .5 .45 (@) Sickup stercuting E. Theoretical Graut Volume (7.48 gallit x0)| = | / %‘5 al
e & F 2 hearetical Grout Volume (2 x =| 33¢
Elev. {ft) (ft) B2 -E' Soil/Rock Cuttings/Materials Description/Groudwater Observations IF 2 x Thearet @xB ©__ gal
G- 3.5 Y [P YS ) L S, B oo s 1) m Final Pile Cutoff
S Browe. May. 2 521 Boitom of Siab Pile Casing Langth (ft)
X : : A RenTime. 20092 i After Drilling | After Initial futting | After Final Cutting
. ¥ DOroken fleatheced ropl tsail eufings Th - z28= 7739
} (rard Borks, { Dz, Jieakent) BEBaTime s 1215 S — 5
X Brpwn flay  $eil euing Ang 23
Browo. flast seil. oo . Grout = Sounded Depths (ft)
& Giaken. ltatna eliag j st Dats Afl Driing | Afler Casing Raise | After Grou! Sat
£ cams Un’ & spil. ce = Jd R Time= 4:40 pile Casing ~ - W - - e e ——————]
Pessibiz. veudl (o o andril i 1" Driling 8/aahia = B3.0'pg |16.2
X Boeken/wsatbeced oo wHinga Cased Hole —— Redil 1 [72°747. 1519 —I |
; i —
37548 X "{m{\ ok Lt agay Lome: J .H s Adnteme= 2 Ik Rz
EQB ! At Bun. Tine. 5. (07245, o
TopofBar 291.8% m
Bar vorgn - 10,7 1 Grouting
Centralizer ] Injected Volume
Press
Reinforcing Steel——4 Date Time {psi) Gallons
i T Topaf Rock & /g 1| jecosm — 33.3
_47Dim Topof Bond Zone 8/atlia l:oaPm] — /8o
Bottom of Plle Casing —
Vol, over Ay thep = 34 eF
Open Hole {10.353" Bit) Mateds] Properties .
Grout Neat cement, min 2,000 psi @ 3 days, 5,000 psi @ 28 days
)iy Bottom of Pita Tip Pile Casing [9.625” OD, 8.861" D, 0.472" wall thickness, 80 ksi steel
it C Reinforcing [#18, 75 ksi steel, 10' min, fully threaded, 3 centralizers (min)
Additional Notes: {.5. Cheple @ 2nd o€ Arilling & pasing taise - Sl pa T 2 S
= 3 [ degth B

Notes: 2¢.due-7p18 OF: 073

0907 ¢

DE: ] Eegan [Py 1er 004G O

2018-08-05-REVO1 Page: 1of2 2019.08-08-REVD2 Page: 20f2 Reviewed by:



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!

PILE LOADS (KIPS/PILE)

ITEM

LOAD

FACTORED AXIAL COMPRESSIVE RESISTANCE, STRUCTURAL (PHI = 0.85) 327 KIPS
FACTORED AXIAL COMPRESSIVE RESISTANCE, GROUT TO ROCK BOND (PHI = 0.80) 327 KIPS
FACTORED AXIAL COMPRESSIVE LOAD 327 KIPS
LIMIT STATE STR-1

DESIGN LOAD, DL (UNFACTORED) 220 KIPS
VERIFICATION TEST LOAD (2 X DL) 440 KIPS
PROOF TEST LOAD (1.6 X DL) 352 KIPS




Load Test Plan

- l . gD
FOUNDATION TEST | friocon st oo o
GROUP, INC. e o

11408 Cronridge Drive, Suite K, Owings Mﬁs, Maryland 21117 Figure No.: 1
Phone: (410)517-07 15 e Fax: (410)517-0716




2019 Sinkhole Repair - Load Test Setup




Load Test Gauges

Ir -

inkhole Repa
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2019 Sinkhole Repair - Load Test Jack and Recording Equipment




Load - Movement Curve
Load (kips)

0 50 100 150 200 250 300 350 400
0.30

0.25

0.20
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o
o
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0.05 o
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| —a&—Top of Pile |

o Load Movement Curve — Verification Test TP-2
N F F O U N DATI 0 N TEST RT422 SEC041 — Sinkhole Remediation

i Palmyra, Lebanon County, Pennsylvania
frrverersres | G RO U P ] I N C . FTG Project No.: F19051

11408 Cronridge Drive, Suite K, Owings Mills, Maryland 21117 Graph No.: 1
Fhone: (410}517-0715 « Fax: (410)517-0716
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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

@ Gannett Fleming

Excellence Delivered As Promise

d



2019 Sinkhole Repair - Bottom Rebar Mat and Inspection Ports

WL e

@ Gannett Fleming

Excellence Delivered As Promised




2019 Sinkhole Repair - Top Rebar Mat and Inspection Ports

@ Gannett Fleming

Excellence Delivered As Promised




2019 Sinkhole Repair — Concrete Placement

@ Gannett Fleming

Excellence Delivered As Promised




2019 Sinkhole Repair — Screeding and Finishing Concrete

@ Gannett Fleming

Excellence Delivered As Promised




2019 Sinkhole Repair — Construction Complete!

.
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