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Figure 1

SITE LOCATION
Highway 73 Slide Repair
North Dakota Dept. of Transportation
McKenzie County, North Dakota
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June 2011

Emergency Declaration

Phase 1 — Emergency Bypass

Cost Estimate - $184,900
Actual Cost - $218,650 — Lump Sum Bid




Phase 1 — Emergency Bypass
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Phase 1 — Emergency Bypass

Project Started June 30, 2011
Project Completed September 9,2011

12/29/2011




Phase 2
Roadway Realignment/Slide
Stabilization

Project: SER-7-073(009)124 PCN:19321
Final Cost: $1,850,000
Project Dates:
Stability Recommendation: 11/18/2011 (Consultant)
Plans Complete: 3/26/2012
Bid Opening: 5/04/2012
Construction Completed: Summer/Fall 2012



Phase 2
Roadway Realignment/Slide
Stabilization
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Phase 2
Roadway Realignment/Slide

Proflle Elevatlon of Subgrade Correction
|s Shown on the Plan and Proflle shests;
However, the Actual Profile Elevatlon May
Vary Depending on Solls Informatlon Discovered
Durlng Excavatlon, As A Result, The
"Commaon ExcavationsSubeut” Quantity May Vary,
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Phase 2
Roadway Realignment/Slide
Stabilization
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Highway 73 RP 8 Spring 2013

Tension Cracks

Picture Taken 5/21/13
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Highway 73 RP 8 March 2014




July 2014

Emergency Declaration - Continuation

« Something Bigger is going on here
« Pay for Contractor Patching — $18,650
 Allow Time for Larger Geotechnical Investigation



February 2015

Emergency Declaration - Continuation

* FHWA Meeting to Discuss Options
* Split Project into 2 Phases
1.)Phase 1 — Maintenance
Drainage Improvements
Estimated Cost - $415,000
2.) Phase 2 — Permanent Realignment
Estimated Cost - $15,000,000
« Two-phase approach signed off by FHWA in
March 2015



March 2015

Phase 1 — Drainage and Roadway Improvements

NDDOT Developed Plans to Remove Free
Standing Water and Restore Roadway Profile
Plans Completed July 2015

Project Bid September 2015

Project Completed November 2015

Total Cost for Project - $352,000




Phase 1 Plan

Phase 1 — Drainage and Roadway Improvement
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Phase 1 Completed

Phase 1 — Drainage and Roadway Improvements
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This Project — Barr & SRF

Phase I: Scoping (to define scope of work in
Phase |l
Phase II: Geotechnical Investigation and
Recommendation (characterize problem and
select recommended alternative)

Phase Ill: Environmental Documentation and
Preliminary Engineering (of recommended
alternative)

Phase IV: Plans & Specs

Phase V: EOR — Construction
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Landslide
Characteristics

e i e i

Landslide area = 85 acres
Landslide volume = 10 million CY

Landslide length
= 3,100 ft

Landslide width
= 1,500 ft

McKenzie
Coimty,

Road length
impacted = 1,500 ft

103
g:—.';ﬂ'.'_'\-.ﬂ-rv Plovember M 025




Landslide
Monitoring — \ \

‘electric

garden hose”

Cinsireg Depetic 1
SA4 Location




Deformation
Measurements
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Movement Along Failure Surface (in)

Deformation Measurements
(near real-time basis)

15-16 Absolute Incremental Displacement
Elevations 1963.4 ft and 1976.4 ft
NDDOT, Hwy 73 Slide Repair
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Geotechnical Modeling — existing
conditions

» Seepage calibration with GeoStudio to match

observed porewater pressures

Slope stability and deformation calibration with
finite difference modeling to match ongoing
deformation

Parameters calibrated were consistent with
laboratory testing results, but also reflected scale
of area analyzed, including variations of geo-
materials



Cross Section for Geotechnical
Modeling

Stratigraphy based on SB15-12, 3R030A, 3L058A, and 3L125A Materials

M 01 - Lignite

[ 03 - Slump Material (CL/CH/SC)

[] 04 - Road Fill (CL/CH)

M 05 - Fat Clay (Shear Zone, Residual)

M 06 - Fat Clay (Below Shear Zone, Impenetrable)
[ 08 - Fat Clay (Above Shear Zone, Fully Softened)
B 10 - Fat Clay (Shear Zone, Residual, Backslope)
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Cumulative Resultant Inclinometer Displacement (in)

Deformation Modeling
Calibration

1.2
Figure A-33. Inclinometer Displacement vs Time Since Early January 2016
NDDOT, Hwy 73 Slide Repair
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Three Alternatives

Do nothing

Highway realignment

Repairs within current alignment of highway



Do Nothing

 Effects
» reduced speed

» ongoing maintenance, potentially including
temporary shutdown

» permanent shutdown

* Does NOT meet the purpose of the project



Restricted Access to Properties

2011 landslide

I Start/End Closure Cb Cultural Resource
e Full Highway Closure MNon-residence

West Access Road Residence using
(Local Traffic Only) West Access

- East Access Road Residence using
" = ™ ocal Traffic Only) East Access

TR S Ty T

“ :ﬂ = Figure A - Highway 73 Closure Scenario

Camsulling Group, Inc.
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Highway Realignment
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Highway Realignment Profile
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Recommended Alternative

* One interceptor trench within ROW + two-three
rows of drilled shafts

* Cost in the order of $13.5M - $18.5M (scoping
level accuracy)

* Overall timeline through Phase IV: Plans & Specs
on the order of 9 months



Plan View of

Interceptor
Trench and
Rows of

Drilled
Shafts



Elevation [ft]

Maintain Current Alignmen

Materials

M 01 - Lignite

[ 03 - Slump Material (CL/CH/SC)
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Interceptor trenc




Groundwater Control

Water Elevation Below Ground (Ft)
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2,050

2,045

'

2,040

2,035

'

2,030

Highway 73 R.P. 8 Piezometer Level - South (1853R30) - Installed 6/11/14
NDDOT, Hwy 73 Slide Repair

water level dropped below
transducer elevation

2,025
2,020 ‘ i T T
4/10/18 6/9/18 8/8/18 10/7/18 12/6/18
Date
—e—NDDOT 1835R30 el. 20227 —=—PZ-1Ael. 2017.1 PZ-1B e. 20371
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2/4/19




Drilled Shaft Design Concept
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Plan View Loading
Configuration



Drilled Shaft Details from Bid
Documents

 5-foot-diameter

—— —— :
VVVVVV T | [ E— sspL100 — oo drilled shafts
1and 112 SN EE i 4
RS e el - AT
i - * 2% steel by area
CHEE total length based
Dt iF 21 ifm on depth to failure
g i £ M surface, minimum
I i6c 21 g ] 20 feet of shaft
=~ below failure
. « A larger diameter
oo /ﬁ+ﬁ- ' shaft would exceed

Inglinemeter Casing (See Note T —7 _— :
o i Sraft et S — moment capacity

Caslng (S2e Note 10)

(7 secrion: oRlLLED saeT as designed

o




Repair Layout
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Construction

* Contract Highlights

« Trench Drain Installation
- Trench Installation Procedures
- Challenges
- Techniques to Address Challenges

* Drilled Shaft Installation

- Typical Construction

- Challenges

- Techniques to Address Challenges
- Inspection and Testing

- Remediation



Contract Highlights

Engineer’s Cost Estimate ($13,705,449)
Seven Submitted Bids

Bid Range from $9,329,039 to $14,827,210
Awarded to Veit Construction

Schedule

« Trench Drain Required First
 Followed by Drilled Shafts
+ Followed by Repaving



Trench Drain



Trenching Operations







Encountering Groundwater







Water Flow During Installation




Water Flow Post Installation







Challenges

» Specialty Sub Schedule
 Pulling Trencher Uphill



Pulling Trencher Uphill




Drilled Shafts



iIng Shafts

Dr




inforcement Cage

INg Re

Ty

L B
w

Wi

Y L#
wVaR"Y

C T ————




Picking up the
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Setting up to Place Concrete




Placing Concrete via Free Fall




Completed Drilled Shatt




First Challenge — Groundwater
and Caving Soll



Cuttings Below Groundwater
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Caving in Presence of Groundwater







Addressing Caving and
Groundwater by Casing

» Typically first method used to address caving
« May or may not seal-off groundwater

* If groundwater not sealed off then tremie pours
required



Typical Casing Used




out Bucket

Clean




iInd Casing

Water Trapped Beh




Pump and Bail Water and
Contaminated Concrete




Casing, Often Stuck




Telescoping Casing

* Means to extend casing deeper

* Results in larger diameter temporary casing,
which may alter requirements for reinforcement



Telescoping Casing




Polymer Slurry

* Reduces or eliminates need for casing by
providing viscous fluid in hole that supports
excavation

 Specialized equipment and field technicians

* Messy



Mixing up the Slurry




Slurry Tent with Ground Defrosters




Drilling with Polymer Slurry




Slurry Testing

T




DriIIig Bucket




Second Challenge - Placing
Concrete Underwater



Pump Truck and Tremie Pipe




Pump Truck and Tremie Pipe




Pumping out Slurry and
Measuring Tremie Embedment




Pulling Casing with Slurr




Third Challenge — Cold Weather
Construction









Dealing with the Cold

#




Hi-Low Thermometer to Measure
Temperatures under Concrete Blanket




(0]

Importance of Inspect




Instrumentation
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=[]} SHANNON &WILSON, INC. DRILLED SHAFT INSTALLATION LOG
JOBNAME:  ND-T3 Landside Repalr SHAFT ND.- Ii !
JOB NUMBER: 23-1-01674-002 DATE EXCAVATION STARTED: /192018 16:58 PM
CONTRACTOR:  Velt & Company, Inc DATE SHAFT FINISHED: TRU2018 1345 PM
COBSERVED BY: ALL SPECIAL ITEMS: Nome J=-
REVIEWED BY: GRF WEATHER: _Parfly Cloudy, 60' to 0’6
DESIGN AND AS-BUILT SUMMARY B5-BUILT SHAFT PROFILE SOIL PROFILE.
mmﬂ
§ STATION B4+ES B+35 HO.G.E Eev. 2028.80 =153 2[] 4
<|[oFFseT FromDEsIGNCLFT) | 75 75 Top Srat Eev. nrn — | Eﬁ Scll Desceiption Summary
5lc.G.s. ELEVATION (FT) wa | 20283 R [T e e
SHAFT DIA_ (FT) 50 50
TOR SHAFT ELEV. (FT) 70 | 20270 |
g TOR SOCKET ELEV. (FT) WA MiA Burtase Casing I+
TIP ELEVATION (FT) 19150 | 19150 | [repBex. T maE 14 | Blue-gray, maist, Sandy Ciay,
SOCKET LENGTH (FT) Y M, Bot. Exev. (FT) 2021 massive
SHAFT LENGTH (FT) 120 | 1120 | |eemen [
PLUMBNESS % | <2% | [oeeromomm T3 a4
GROUNDWATER ELEV. (FT) NiA T e s 24 | Boulder encountered, swiiched
VERT. REBAR SIZE T T —H o core bamed to keeg shatt plumb
VERT. REBAR LENGTH (FT) 110 111 Eoond Cacing [ ead)
VERT. REBAR QTY. 3 36 Deotn b et (FT) g1
REBAR PROJECTION (FT) iA NA | froeBem =
PRO.J. REBAR ELEV. (FT) iA N, ol Eiev. (FT) 44 | E-inch Iigrite seam, camying small s
MEX. UNREINF. BOTTOM (FT) 05 05 Leng® (7T) amount of water &
HORIZ. REBAR SIZE 5 5 Cuter D, (FT)
HORIZ. REBAR SPACING (FT) Spiral Spiral [ Thickness (BCH] il B I S
SPRIRAL PITCH (INCH), (IF USED)| 7 7 —————— §
TYPE OF SLURRY [IF USED) Mone Third Cacing (I weed) g i
TEST ND. 1 2 Degth & Ref. [FT) 3 g :
e saupLED Tor Bev. FT) at ol A
I | 0EFTH SLURRY SAMPLED ot v (FT)
DENSITY Lengm (7T 75 | Sandstone encountersd, switch to
pH Cuter D, (FT) core bamel io keep shaft plumb
VISCOSITY ickreess cH) :
SAMD CONTENT a4
CONDITION OF BASE Ciay, Cleaned 50 | Black, moist Lignie. Alemate
WATER INFLOW QTY. (GALMIN 1 betwean core bamel and auger
i [WATER INFLOW DERTH [FT) 108 10 KBS SNaN UMD and Favance
Kl CONC. PLACEMENT METHOD | Wet TremiaiFreatall || excavanon Wl
[ TIME CONC. START 15:04 [ Rt Elev. w2 | TG | Biue-gray. moisL, Sandy Ciay.
bi| TME conc. Enp 17:30 massive
5 | THEORETICAL VoL (T.Y.) B15 shatt Tip
o |AcTUAL VoL [CY) a3 Denth b Ref. (FT) 1175 "068] Black, moist, Lignie. Abie io :
N Ll —— premp auger through mL R
REMARKS: (e.g., driling eguipment, communication, out of B |excaw. Depi (777 1138 113 Gray, maist, Sandy Clay X
Foundness, change In cage elevabion, CSL fubes, ete ) P —— Bottom of Excavation at 113.3 s {i
ol Rig: C2M EK 160 : .
Ot cuity placing concrets with tremie pipe. Remaoved o L e e
ITremie pipe about 60 feet below e fop of drlied shatt and f f
placed via freefall untll the top of shaft. See FAR for more 0 100 200 300 400 00
fetalls. SHAFT: A3 |sHEET 1 oF 1

Arrival Time [ps)



Coring Shaft for Defect




Core Recovery at Defect




Conclusions

Drilled shafts relatively new to NDDOT

Special provisions written and used on two (soon
to be three) projects

Requires specialty contractors
Requires inspection
Testing can be used to verify integrity

Drilled shafts should be considered as another
tool in your foundation option box
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