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Mike Batten, PE
Beth Howey, LG, PE

VERIFY POST-SCOUR RESISTANCE OF 
JETTED AND DRIVEN PILE FOUNDATIONS

February 9, 2018

OUTER BANKS OF NORTH CAROLINA

PROJECT LOCATION EXISTING BONNER 
BRIDGE

BONNER BRIDGE TIMELINE

Opened to Traffic in Nov. 1963
Total Bridge Length = 12,864.74’

28.0’ Clear Roadway with 2’7” side walls

204 Spans

201 @ 61’6”, 

2 @ ~ 161’

Channel Span (#145) = 180’

Minimum Under Clearance at Channel = 66.8’

BONNER BRIDGE FACTS:
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Existing Bridge’s 
Navigation Span

HURRICANE IRENE IN 2011 OPENED THIS NEW INLET

 Scour studies and physical model scour 
tests were performed by OEI

 Conservative RFP values were used for the 
design.

 100 year design scour elevation of -84 feet 
was incorporated over a large portion of the 
bridge.

SCOUR WAS A HUGE 
CHALLENGE

PROFILE OF BONNER BRIDGE WITH SUBSURFACE 
INFORMATION 
82 SPANS OVER 5 REGIONS

36” Pre-stressed Concrete Piles

SUBSURFACE PROFILE OF NAVIGATION UNIT

(-40 ft, CSE)

(-84 ft, DSE)

(-62 ft)

Bridge closed October 26, 1990 when dredge Northerly Island slammed into the bridge 
overnight during a Nor’easter, destroying 370 feet of the bridge

SHIP IMPACT IS A LARGE COMPONENT OF THE DESIGN
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Due to this catastrophic event, our design ship impact loads were as high as 2151 kips 
in the navigation unit

REPAIR WORK AHEAD!
Bridge reopened Feb 12, 1991
REPAIR TOOK APPROXIMATELY 3-1/2 MONTHS

DRIVE. TRANSCON2013

TWO FOUNDATION ELEMENTS USED
 36” Prestressed Concrete Square Piles 

 532 Piles Totaling 12 Miles in Length!

 Used under large footings constructed at 
the water surface in navigation and 
transition zones

 Installed in battered configuration for 
increased bent stability

 6 to 30 piles under each footing

DRIVE. TRANSCON2013

TWO FOUNDATION ELEMENTS USED
 54” Prestressed Concrete Cylinder Piles in 

the Approaches

 137 Cylinder Piles totaling 3.4 Miles in 
Length!

 Installed in approaches where scour and 
ship impact are significantly less

 Piles extend all the way up to the bent 
caps

 3 or 4 piles support each cap

JETTING 36” SQUARE PILE DRIVING 36” SQUARE PILE
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 AASHTO 10.7.3.3 states that scour resistance should not be 
factored soscour = 1.0

 resistance should be in accordance with AASHTO or NCDOT policy

REQUIRED NOMINAL DRIVING RESISTANCE (RNDR)

𝑅𝑛𝑑𝑟 =
𝐹𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝐴𝑥𝑖𝑎𝑙 𝐿𝑜𝑎𝑑 + 𝐹𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝐷𝑒𝑎𝑑 𝐿𝑜𝑎𝑑

𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒

+
𝑈𝑛𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑆𝑐𝑜𝑢𝑟 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑈𝑆𝑅)

𝑠𝑐𝑜𝑢𝑟

-120

-100

-80

-60

-40

-20

0

0 200 400 600 800 1000

El
ev

at
io

n 
(ft

)

Skin Friction (kips)

Mud Line Elevation -33

CSE -40

DSE -84

USR

Overview of Rndr Calculation Including Scour

Q Skin-Installation

Q Skin-Long Term

Reference NHI Course Nos. 132021 and 132022 Design and Construction of Driven Pile 
Foundations

EFFECTIVE STRESS METHOD TO DETERMINE BETA

𝑓𝑠 =  × 𝜎ᇱ
𝑣

Where:

Fs = Unit skin friction
 = Bjerrum Burland beta coefficient = Kstan
’v = Average effective stress along the pile shaft
Ks = Earth stress coefficient
 = Interface friction angle between pile and soil

qୱ୩୧୬ି୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬ =  × σ′୴ି୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬ ….

 =
୯౩ౡ౟౤ష౟౤౩౪౗ౢౢ౗౪౟౥౤

஢ᇱ౬ష౟౤౩౪౗ౢౢ౗౪౟౥౤
….

qୱ୩୧୬ି୪୭୬୥ ୲ୣ୰୫ =  × σ′୴ିୱୡ୭

CALCULATE LONG TERM SKIN RESISTANCE

EFFECTIVE STRESS AT TIME OF 
INSTALLATION

-84’ (DSE)

-33’ (Existing Mud line)

-120’ (PTE)

’v-Installation = 
69 ft x 57.6 pcf = 3,974 psf

69 ft to midpoint b/w DSE 
and PTE



GEO-Omaha 2018 2/9/2018

Batten and Howey 5

qୱ୩୧୬ି୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬ =  × σ′୴ି୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬ ….

 =
୯౩ౡ౟౤ష౟౤౩౪౗ౢౢ౗౪౟

஢ᇱ౬ష౟౤౩౪౗ౢౢ౗౪౟౥౤
….

qୱ୩୧୬ି୪୭୬୥ ୲ୣ୰୫ =  × σ′୴ିୱୡ୭୳୰

CALCULATE LONG TERM SKIN RESISTANCE

For this Pile, calculated Beta was 0.394
CAPWAP OUTPUT

qୱ୩୧୬ି୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬ =  × σ′୴ି୧୬ୱ୲ୟ୪୪ୟ୲ ….

 =
୯౩ౡ౟౤ష౟౤౩౪౗ౢౢ౗౪౟౥౤

஢ᇱ౬ష౟౤౩౪౗ౢౢ౗౪౟
….

qୱ୩୧୬ି୪୭୬  ୲ୣ୰୫ =  × σ′୴ିୱୡ୭୳୰

CALCULATE LONG TERM SKIN RESISTANCE

Reference NHI Course No. 132014  Drilled Shafts: Construction Procedures and LRFD 
Design Methods

MODELED LONG TERM SCOUR USING FHWA DRILLED 
SHAFT METHODOLOGY

-40’ (CSE)

-84’ (DSE)

-33’ (Existing Mud line)

PTE

Scour 
Prism

ys

W = 2ys

Pile 
embedment 
after scour

Long Term Scour

C

B

A

Local scour

Vary stress from zero at C to stress 
controlled by streambed elevation B at 
depth = 1.5ys

1.5ys

Below this depth, compute stresses based on mud line elevation B

2
1

qୱ୩୧୬ି୧୬ୱ୲ୟ୪ =  × σ′୴ି୧୬ୱ୲ୟ୪୪ୟ୲୧୭ ….

 =
୯౩ౡ౟౤ష౟౤౩౪౗ౢౢ౗౪౟౥౤

஢ᇱ౬ష౟౤౩౪౗ౢౢ౗౪౟౥౤
….

qୱ୩୧୬ି୪୭୬୥ ୲ୣ୰୫ =  × σ′୴ିୱୡ୭୳୰

CALCULATE LONG TERM SKIN RESISTANCE

 Unfactored Scour Resistance (USR) is the difference between long term 
post-scour skin friction and measured skin friction during pile installation.

USR = Qskin-installation - qskin-long term x A

Where:

qskin-long term = Unit skin friction after scour event

A = Surface area of pile between DSE and PTE

Qskin-installation = Skin friction resistance from CAPWAP

CALCULATE UNFACTORED SCOUR RESISTANCE
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THEORETICAL AND MEASURED SKIN FRICTION
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Rndr = 4,198 kips

Rndr = 2,473 kips

Rndr = 1,963 kips

RNDR AND MEASURED SKIN FRICTION
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MEASURED SKIN FRICTION AND 
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MEASURED SKIN FRICTION AND 
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0.3 <  < 0.6
Per FHWA

MEASURED SKIN FRICTION AND 
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USR AND MEASURED SKIN FRICTION
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RNDR AND TOTAL MEASURED RESISTANCE
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RNDR AND TOTAL MEASURED RESISTANCE
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D/C > 1, not OK

D/C < 1, OK

RNDR AND TOTAL MEASURED RESISTANCE
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CONSTRUCTION 
LESSONS LEARNED

OFFSHORE HAMMER 
LEADS WITH BATTERED 
PILES

OFFSHORE HAMMER 
LEADS – PILE DAMAGE

SWINGING / PINNED 
LEADS WITH BATTERED 
PILES

GROUP 
DENSIFICATION 
DURING PILE DRIVING
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QUESTIONS?


