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Southeastern Kentucky

Approximately 8 miles 

North of Harlan, KY

on US 421

2



3

On February 12, 1923 the world's record for 

coal production in a single 9 hour shift was 

achieved when miners produced 12,820 tons 

of coal, filling 256 railcars.



05/19/2020 

• Slope failed following a February 2019 storm event for which

Kentucky received a Presidential Disaster Declaration.

• The Kentucky Transportation Cabinet (KYTC) worked with the

Federal Highway Administration (FHWA) to use a repair

eligible for FHWA Emergency Relief (ER) Funding.

• KYTC and FHWA agreed that a permanent rock-anchored

tieback wall with soldier piles embedded into bedrock was

acceptable for ER funding.
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• Two ~11 ft. lanes with 1 ft. shoulders
• ~ 6% Profile Grade & Curvy

04/15/2020
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Maintenance of Traffic Challenges

12/07/2021

Ditch Filled in with 
Crushed Limestone

+/- 10 ft.



Project 

Site

Harlan

NORTH

General Direction

of Slope Displacement
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Overburden 
• Colluvium

Bedrock Formations
• Grainger

• Chattanooga Shale

Project Site 

on Northwest Slope 

of Mountain

Pine Mountain 

Overthrust Fault

Cross Section from 

United States Geological Survey Map



09/01/2020 

• Overburden generally described as brown and gray moist clay 

with  rock fragments, cobbles, floaters and boulders

• Bedrock Consists of Chattanooga & Grainger Shale Formations

▪ Compressive Strength  - 50 to 6000 psi (Avg ≈ 2000 psi)

▪ KY Modified Rock Quality Designation  - 0 to 94 (Avg ≈ 12)

▪ Slake Durability Index  - 7 to 100 (Avg ≈ 74)
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• 9 Soil Sample and Rock Core Borings

• 23 Rock Core Borings

• 27 Rock Line Soundings

• 8 Slope Inclinometers

• 4 Groundwater Observation Wells 
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Upper 
Slope Roadway

Lower 
Slope
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Average

Groundwater

Depth

Generally

≈ 7 to 8 ft.
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≈9 ft. Above Bedrock

≈3 in. Displacement 

9/28/2020 to 6/16/2021
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6/16/2021

To

6/22/2022

≈2 in. Displacement 

≈5 in. Displacement

Total 

≈9 ft. Above

Bedrock



Measured Slope Displacements

• Measured Displacements (before letting)

o ≈ 2 to 4 inches 

o Varied from ≈ 4 to 15 ft. above bedrock

• Size of arrows approximately proportional to displacement magnitude

• Direction of arrows approximately in resultant direction of movement
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≈ 300 ft. Elevation Change

≈ 800 ft. Lateral Distance

≈ 700 ft. Longitudinal Distance

Rock Quarry

US 421

NORTH
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Cross Section – Station 12+00

Rock Line
≈ 300 ft.

≈ 800 ft.

90 ft. R/W

≈24 ft. Roadway

Back-Calculated Parameters
For Existing Conditions

Factor of Safety = 1.0

γ = 120 pcf

γ sat = 125 pcf

φ’ = 22o 

c’ = 100 psf

Tieback Wall Stabilization
Factor of Safety = 1.3

Sliding Mass

2-D Limit Equilibrium Analyses 
Janbu Method (Force Equilibrium)

Slope 
Inclinometer

Locations

81 kips per
linear foot of wall
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Station Design 

Height 

(Hd)

ft

Factored 

Earth Pressure

[Rectangular]

(FEP)

psf

Factored 

Earth Load

(FEL)

kips/ft

Limit

Equilibrium

Factor of 

Safety

(FOS)

12+00 45.0 1800 81.0 1.3

14+00 26.0 1040 27.0 1.3

15+00 46.0 1840 84.6 1.4
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• Varied Design Earth Loads/Pressures to achieve acceptable FOS

• FEP  =  40 Hd ► ► FOS ~ 1.3 - 1.4 ► ► 40 Hd used throughout

• FEL  =  
𝐅𝐄𝐏 𝐱 𝐇𝐝

𝟏𝟎𝟎𝟎 𝐥𝐛/𝐤𝐢𝐩



Maximum Soldier Pile Spacing Constraints:

17



Design Top 
of Bedrock 

Projected Top of 
Bedrock at Approximate 
Wall Location

Bottom of 
Facing 

Design 
Base of Loading
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Contract procured using conventional Design/Bid/Build method.

Tieback Wall was a “Pseudo Design Build” component. 

• Contract Documents Included: 

➢ Geotechnical data

➢ Wall geometry, loadings & design criteria

➢ Performance-based specifications

• Specialty Contractor Responsible for:  

➢ Performing detailed wall & anchor design 

➢ Constructing the wall & testing anchors
04/30/2020
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Bid Item Unit Quantity Unit Price
Extended 

Price

Retaining Wall SF 18,612.5 $200 $3,722,500

Horizontal Drains LF 9,600  $15 $144,000

Bridge Chain Link Fence -6 ft. LF 650 $99 $64,350

Foundation Preparation LS 1 $325,000 $325,000

Instrumentation LS 1 $50,000 $50,000

Quality Control LS 1 $73,000 $73,000

Wall & Related Items Total $4,378,850

Incidental Items (Paving, Guardrail, MOT etc.) Total $1,479,150

Total Contract Bid Price $5,858,000

Engineer’s Estimate $5,957,578
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03/29/2022

Pre-Bid Surveying, Engineering, Drilling, Lab Testing & Instrumentation

Construction Contractor

Contractor’s Tieback Wall 
Design Consultant

Contractor’s Quality Control Consultant 
for Anchor Installation & Testing

Project Team
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Emergency Relief Funding



Min. Rock Embedment = 18 ft. 

• 2 – W27x102 Beams 

• B = 3.5 ft.

• CTC Space = 8.5 ft.

• 8.5/ 3.5 = 2.4  < 3.0 Specified

Wall Design Schematic – Station 15+00

Arching Considered 
Over  ≈18 ft. 

Design Height = 46 ft.
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≈ 84.6 kips per
linear foot of wall

Factored Earth Pressure 

= 
𝟖𝟒,𝟔𝟎𝟎 𝐥𝐛/𝐟𝐭

𝟒𝟔 𝐟𝐭
≈ 1840 psf



Anchor Design Schematic – Station 15+00

20 o Inclination
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Two 12-Strand Anchors

• Bond Length = 50 ft.

• 8-inch Diameter Holes

• Factored Design Load (FDL) ≈ 395 kips

• Factored Design Bond Stress ≈ 26 psi

• Max Test Load = 1.25 x FDL ≈ 494 kips



Construction Totals

• Total of 78 piles installed

• Pile spacing stayed consistent (8.5’ CTC), used 6 different pile sizes throughout wall

• Maximum pile length 76’

• Average pile length 56’

• Maximum rock socket length 42’

• Average rock socket length 18’

• 78 upper row anchors installed

• 65 lower row anchors installed

• Total of 143 anchors installed
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08/22/2022
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Thank You 
for Listening!

09/09/2022
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