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EARTH & 
ENVIRONMENT
Subhead goes here

EARTH & 
ENVIRONMENT

Subhead goes here

Geotechnical Design and Construction  
NCDOT Rodanthe Bridge Design-Build 

Project

Bon Lien, PE, PhD, Sr. Vice President / Principal Geotechnical Engineer
Chien-Ting Tang, PE, PhD, Sr. Geotechnical Engineer
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NCDOT – N.C. 12 Rodanthe ‘Jug Handle’ 
Bridge

https://www.ncdot.gov/news/press-releases/Pages/2022/2022-07-28-rodanthe-bridge-opens.aspx

A 2.4-mile bridge over Pamlico Sound between the southern end of the 
Pea Island National Wildlife Refuge and the village of Rodanthe, 
bypassing a section of N.C. 12 that is vulnerable to ocean overwash; 
which was damaged in 2011 by Hurricane Irene and in 2012 by Hurricane 
Sandy.
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NCDOT – N.C. 12 Rodanthe ‘Jug Handle’ Bridge

NCDOT – Alligator River Bridge
 Design-Bid/CMGC (Ongoing 2023)
 Geotechnical: WSP
 Structural: Modjeski and Masters, Inc. 
 Contractor: Skanska
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Project Information

• Construction Began in July 2015
• Open to Traffic on July 28, 2022
• Construction Cost: $155 M

• Contractor: Flatiron Construction Company
• Structural/Civil Engineer: RK&K
• Geotechnical Engineer: WSP USA (Formally Wood)
• PDA (Pile Dynamic Testing): Atlantic Coast Engineering
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Project Site Subsurface Conditions

UPPER 
DENSE 
LAYER

LOWER
DENSE 
LAYER

Existing Mudline
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Pile Design Scour Elevations

 Design Scour Elevations
 Transition Spans: -30 ft-NAVD
 Main Bridge Spans: -52 ft-NAVD (…. Approx. near 

the Top of Upper Dense Sand Layer) 
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Pile Design Scour Elevations

 Design Scour Elevations
 Transition Spans: -30 ft-NAVD
 Main Bridge Spans: -52 ft-NAVD (…. Approx. near 

the Top of Upper Dense Sand Layer) 

QUESTION:
w/ Mudline @ EL. 0 ft; Waterline @ +2 ft; Why Design 

Scour Elevation was established so deep @ -52 ft?

 A critical design requirement for pile foundation 
Later Stability
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Pile Axial Resistance
 Design Soil Shear 

Strength Parameters
 Based on SPT-N 

Correlations
 Calculations of Axial 

Nominal Bearing 
Resistance
  Run Ensoft APILE; 

using API Method
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Pile Axial Resistance
 Design Soil Shear 

Strength Parameters
 Based on SPT-N 

Correlations
 Calculations of Axial 

Nominal Bearing 
Resistance
  Run Ensoft APILE; 

using API Method
Question: 

Shear Strength 
Parameters of 
Jetted Soils? 
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``

Pile Axial Resistance
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Pile Lateral Stability 
Collaboration w/ Structural Engineer

 Provided Design Soil Parameters to Structural 
Engineer for performing FB-Multipier Analyses 
and determining Point of Fixity & Minimum Pile 
Tip Elevations.

 Design Soil Subgrade Modulus
 Adopted Default Values in FB-Multipier
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Pile Lateral Stability 
Collaboration w/ Structural Engineer

 Provided Design Soil Parameters to Structural 
Engineer for performing FB-Multipier Analyses 
and determining Point of Fixity & Minimum Pile 
Tip Elevations.

 Design Soil Subgrade Modulus
 Adopted Default Values in FB-Multipier

QUESTION: What is the Tolerable Foundation Pile 
Lateral Deflection (… and Settlements)? 
Always a Challenging Question to both 

Geotechnical & Structural Engineers!
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 Along Bridge Spans – OK!
 At End Bents – Differential to Approach 

Slab/Embankments (Bumps)
 Practically, Not Possible;  Due to Variabilities of 

Soil Profiles/Properties, Loading, etc.
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 Considering Reliability of Estimation of Movements, Duncan and Tan (1991) 
suggest the following:
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Tolerable Horizontal Bridge Foundation Movement

 Referring to FHWA (1985) –
 Conventionally, ≤ 1-inch (Tolerable)
    > 2 inches (Intolerable)
 Recommendation - 1.5 inches

 Actual Design Analysis – Consult with Structural 
Engineer, which could be greater than 2 inches.
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`

DOUBLE-ROW 
30-IN battered SQUARE 
PILE FOOTING

SINGLE-ROW 
54-IN O.D. CONC.
CYLINDER PILE

PRELIMINARY DESIGN – OPTION #1

Pile Lateral Stability 
Collaboration w/ Structural Engineer
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PRELIMINARY DESIGN – OPTION #2

SINGLE-ROW 
w/ BATTERED 54-IN O.D. 
CONC. CYLINDER PILE

DOUBLE-ROW 
BATTERED 54-IN O.D.
CONC. CYLINDER PILE

Pile Lateral Stability 
Collaboration w/ Structural Engineer
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`

FINAL DESIGN

Pile Lateral Stability 
Collaboration w/ Structural Engineer

SINGLE-ROW 
w/ BATTERED 54-IN O.D. 
CONC. CYLINDER PILE
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Final Design:  54-inch OD
 Open-Ended Concrete Cylinder Pile
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Final Design
 Main Bridge Spans: Bents B-4 thru B-101

 Transition Spans: Bents B-1 thru B-4 & B-101 thru B-106

 End Bents: EB-1 & EB-2

 Bents B-4 thru B-101: 54” OD Open-Ended Conc. Cylinder 
Pile

 Pile Length 140 to 165 feet; penetrating approx. 1 to 2 ft 
into Lower Dense Sand Layer)

 Design Axial Factored Load = 815 Tons/pile 

 Transition Bents: 30” Sq. Concrete Piles
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Final Design
 Main Bridge Spans: Bents B-4 thru B-101

 Transition Spans: Bents B-1 thru B-4 & B-101 thru B-106

 End Bents: EB-1 & EB-2

 Bents B-4 thru B-101: 54” OD Open-Ended Conc. Cylinder 
Pile

 Pile Length 140 to 165 feet; penetrating approx. 1 to 2 ft 
into Lower Dense Sand Layer)

 Design Axial Factored Load = 815 Tons/pile 

 Transition Bents: 30” Sq. Concrete Piles

What’s NEXT?
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Challenge in Constructability
Driving Piles through Upper Dense Sand Layer

 Pre-Excavation/Pre-Drilling ... Feasible, but Not Considered
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Challenge in Constructability
Driving Piles through Upper Dense Sand Layer

 Pre-Excavation/Pre-Drilling ... Feasible, but Not Considered

 Jetting
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Jetting During Pile Installatrion
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Consideration of Jetting 
During Pile Installation
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Challenge in Constructability
Driving Piles through Upper Dense Sand Layer

 Pre-Excavation/Pre-Drilling ... Feasible, but Not Considered

 Jetting … Field Trial; Did Not Work due to difficulties in 
managing spoils
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Challenge in Constructability
Driving Piles through Upper Dense Sand Layer

 Pre-Excavation/Pre-Drilling ... Feasible, but Not Considered

 Jetting … Field Trial; Did Not Work due to difficulties in 
managing spoils

 Eventually, driving thorough directly by using a heavy-
duty hammer
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Pileco D180-32 Diesel Hammer; 
Max. Rated Energy 443.5 kip-ft
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Construction from Both Ends 
Simultaneously towards the Center



33

ST
G

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

ob
er

 17
-2

0
, 2

0
22

Advancing Rail System
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Challenge during the Construction

 Piles subject to potential damage during pile driving

 Subject to Unsymmetric Hoop Stresses (Alignment 
Control) 
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Challenge during the Construction

 Piles subject to potential damage during pile driving

 Subject to Unsymmetric Hoop Stresses (Alignment 
Control) 

 Into & Through Upper Dense Sand Layer (Driveability)
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Challenge during the Construction

 Piles subject to potential damage during pile driving

 Subject to Unsymmetric Hoop Stresses (Alignment 
Control) 

 Into & Through Upper Dense Sand Layer (Driveability)

 Passing Upper Dense Layer into underlying loose soils 
(Subject to Tension)
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Challenge during the Construction

 Piles subject to potential damage during pile driving

 Subject to Unsymmetric Hoop Stresses (Alignment 
Control) 

 Into & Through Upper Dense Sand Layer (Driveability)

 Passing Upper Dense Layer into underlying loose soils 
(Subject to Tension)

 Into Lower Dense Sand Layer to achieve the Required 
Pile Driving Resistance (Hard Driving Stresses)



45

ST
G

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

ob
er

 17
-2

0
, 2

0
22

Challenge during the Construction

Complications “ALWAYS” Happened!



46

ST
G

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

ob
er

 17
-2

0
, 2

0
22



47

ST
G

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

ob
er

 17
-2

0
, 2

0
22



48

ST
G

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

ob
er

 17
-2

0
, 2

0
22



49

ST
G

E
C

 2
0

22
D

ay
to

n
a 

B
ea

ch
, F

lo
ri

d
a

O
ct

ob
er

 17
-2

0
, 2

0
22

What to do if pile is damaged? 

`

 Evaluated the Axial Resistance and 
lateral Stability based on the As-Built 
along with the damage
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What to do if pile is damaged? 

`

 Evaluated the Axial Resistance and 
lateral Stability based on the As-Built 
along with the damage

 Installed a smaller diameter (48”) open-
ended pipe pile through inside of the 
54” Conc. Cylinder Pile; followed by 
grouting the annulus.
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How to proactively mitigate potential pile 
damage due significant driving stresses? 
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Establishing pile set up factors based 
on Results of Re-Strikes w/  

PDA/CAPWAP

 Requiring that pile cushion should have at least 
500 blows prior to the end of drive to ensure that 
pile driving energy is efficiently transferred to the 
pile and the pile cushion not be changed within 10 
feet of the anticipated tip elevation. 

 Pile should be driven to the lower dense sand 
layer to achieve a substantial amount of tip 
resistance. 

 Performed restrikes ranging from 1 hour to 360 
hours after initial drive on several production 
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Establishing Pile Set Up Factors
- Recommendations - 

 A setup factor value of 2.2 is applicable to the 
nominal (ultimate) bearing resistance, if EOID 
(End of Initial Drive) pile resistance equal or 
less than 1700 kips.

 A setup factor value of 2.0 is applicable to the 
nominal (ultimate) bearing resistance, if EOID 
pile resistance is greater than 1700 kips
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Establishing Pile Set Up Factors
- Recommendations - 

 Required Driving Resistance should consider 
compensation due to that Setup would occur 
within sections both above & below the Design 
Scour Elevation. 
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Establishing Pile Set Up Factors
- Applications/Benefits -

 Decrease Production Pile EOID Requirement
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Establishing Pile Set Up Factors
- Applications/Benefits -

 Decrease Production Pile EOID Requirement

 Mitigate potential of damaging piles due to final 
hard driving/re-strike into lower dense, end-
bearing sand layer 
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Establishing Pile Set Up Factors
- Applications/Benefits -

 Decrease Production Pile EOID Requirement

 Mitigate potential of damaging piles due to final 
hard driving/re-strike into lower dense, end-
bearing sand layer 

 Schedule Saving
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Lessons Learned

 DESIGN
 Engineering Tools (Practically  Sufficient; FB-Multipier, 

LPILE, APILE, ASSHTO LRFD/FHWA GECs, etc.)
 Sufficient Subsurface Data & Reliable Design Soil 

Parameters (… We Wish!)
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Lessons Learned

 DESIGN
 Engineering Tools (Practically  Sufficient; FB-Multipier, 

LPILE, APILE, ASSHTO LRFD/FHWA GECs, etc.)
 Sufficient Subsurface Data & Reliable Design Soil 

Parameters (… We Wish!)
 CONSTRUCTION
 Goal is CLEAR
 Challenge is HOW TO GET THERE (Effectively & 

Efficiently)
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Lessons Learned

 DESIGN
 Engineering Tools (Practically  Sufficient; FB-Multipier, 

LPILE, APILE, ASSHTO LRFD/FHWA GECs, etc.)
 Sufficient Subsurface Data & Reliable Design Soil 

Parameters (… We Wish)
 CONSTRUCTION
 Goal is CLEAR
 Challenge is HOW TO GET THERE (Effectively & 

Efficiently)
 COLLABORATION
 Among Geotechnical, Structural, hydraulic Engineers, 

Contractors (General & Specialty), PDA Testing, and ….. 
DOTs
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We Understand Better/Could Handle Better & 
“Worry/Risk Less” in terms of STRESS/MOMENT 
than DEFORMATION; because …..
 STRESS/MOMENT; Based on Strength Limit 

Design (Inherent Factor of Safety)
DEFORMATION 

(Settlements/Deflections/Movements); 
Based on Service Limit Analysis (Unfactored)

 Knowledge of fundamental Stress-Strain 
relationships and soil-structural interactions. 

…..

Lessons “To-Learn”
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We Understand Better/Could Handle Better & 
“Worry/Risk Less” in terms of STRESS/MOMENT 
than DEFORMATION; because …..
 STRESS/MOMENT; Based on Strength Limit 

Design (Inherent Factor of Safety)
DEFORMATION 

(Settlements/Deflections/Movements); 
Based on Service Limit Analysis (Unfactored)

 Knowledge of fundamental Stress-Strain 
relationships and soil-structural interactions. 

…..

Lessons “To-Learn”

Why do we worry what we could not see 
less than what we could see?
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Thank you

wsp.com

http://www.linkedin.com/company/WSP
https://twitter.com/wsp
https://www.facebook.com/WSPglobal/
https://www.instagram.com/wspglobal/
https://www.youtube.com/c/WSPGlobal
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