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The Project – Quick Facts
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• Existing bridge:
• Built in 1930, out of service since 2008 due to age and 

structural deficiency.
• 960 feet long w/ 15 conventional concrete beam spans 

over land and 4 steel truss spans over the river.
• All foundations are spread footings on IGM/Rock 

• New bridge:
• 975 feet long w/ 8 spans
• Piers are column extensions of drilled shafts
• 2 drilled shafts per pier, 5 drilled shafts per abutment
• Schedule - NTP Sept 2024, est complete Aug 2027
• Cost $22 million
• Designed by Lynchburg District S&B/CO S&B Geotech



Project Location
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Project Location
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Bridge Site



Existing Bridge Plans
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Note: all foundations are spread footings



Existing Bridge Photos
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Existing Bridge Demolition
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VR0 So how, there is no audio when I emailed it to myself.  I think it is ok without audio.
Vester, Robert (VDOT), 2025-09-05T15:09:54.931



New Bridge Plans
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Geology

• Carolina Slate Belt (Piedmont Physiographic Province)

• Site underlain primarily by the Aaron Formation and the 
Hyco Formation on Halifax County (north) side.

• Upper Aaron: phyllite & slate 

• Lower Aaron: primarily metaconglomerate
& metasandstone.

• Hyco: primarily schist, metatuff and greenstone.
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VR0 This statement is confusing.  Are we trying to say the Aaron formation is on the Charlotte County side (south 
side)?
Vester, Robert (VDOT), 2025-09-05T14:43:04.723

VR1 Metastuff?
Vester, Robert (VDOT), 2025-09-05T14:43:15.645



Geology
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Approx Site 
Location

Hyco

Aaron 
Slate

Red Oak 
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Subsurface Exploration
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• 2 to 4 borings per substructure unit

• Abutments: Depths 73 ft to 103 ft (avg 87 ft)

• Piers: Depths 35 ft to 95 ft (avg 56 ft). 

• Rock coring length of 15 to 50 ft (avg 35 ft).

• Some discrepancies with differentiation of IGM and 
highly fractured rock were observed.

• Several supplemental borings were conducted to clarify 
this discrepancy.
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VR0 As an aside during the presentation, may want to further discuss how drilling technique is important in 
exploration of this type of rock.  Fast drilling with large crowd can break down the material into an IGM.  Slower, 
less crowd tends to produce more fragmented rock.  The inclusion of water has an effect as well.
Vester, Robert (VDOT), 2025-09-05T14:50:22.028



Subsurface Exploration
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Subsurface Exploration – Rock Quality
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• Upper 20 to 30 feet (Abutments and Pier 1, 4, 5, 6, and 7):

• highly fractured

• RQDs ranging 0 to ~40%, predominantly zero RQD in 
this upper zone indicating poor quality rock.  

• Below 20 to 30 feet:

• Rock quality improvement

• RQDs generally >40%. 
• Pier 2 and 3 borings

• RQDs predominantly >50% below 5 feet depth of rock.
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Subsurface Exploration – Sample Fence Diagrams
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Subsurface Exploration – Sample Fence Diagrams



Subsurface Exploration - representative rock cores
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Geology – GDR comments
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From GDR (consultant):

• The IGM/rock is highly fragmented with interbedded 
strata that are more or less susceptible to wash out 
during coring.

• This can be attributed to: presence of phyllite (relatively 
soft and susceptible to washout); fracturing and 
differential weathering in metasandstone.

• We have differentiated IGM and rock using core recovery 
and RQD rather than auger/sampler refusal.
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VR0 If this is directly from the GDR then these statements should have quotes around them.
Vester, Robert (VDOT), 2025-09-05T14:46:19.885



Design - general considerations 

• Due to relatively high loads, the presence of rock, the 
anticipated scour depths and the desired column extension 
pier design, drilled shafts were determined to be the most 
appropriate foundation type.

• Scour and the highly fractured rock were the major drivers in 
drilled shaft design.

• Only side resistance was used for axial resistance. Design 
required 30 ft rock socket length for all except Pier 2 and 3 
that required 22 ft rock socket length. Rock socket diameter is 
5.5 ft for all shafts.

• Permanent steel casing specified for all drilled shafts in river 
per design requirement (Piers 2,3,4 added for Pier 1 during CN)
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VR0 We may be asked whether we considered a combination of side and end bearing.  My answer for that is that you
can't maintain a clean bottom to count on mobilizing the end bearing due to the highly fragmented rock.
Vester, Robert (VDOT), 2025-09-05T15:13:49.763



Design - parameters for highly fractured rock and rock

Highly fractured rock parameters for all substructures except 
Pier 2 and 3:

• RQD = 0 (Joint Modification Factor, αE = 0.3) (AASHTO 10.8.3.5.4b) 

• Rock Compressive Strength = 2,900 psi (lab tests)

• Rock Unit Weight = 140 pcf (lab tests, all substructures)

• Rock Mass Elastic Modulus = 1758 ksi (lab tests, all substructures)

Rock parameters for Pier 2 and Pier 3:

• RQD = 50 (Joint Modification Factor, αE = 0.55) (AASHTO 10.8.3.5.4b) 

• Rock Compressive Strength = 7,400 psi (5,000 psi A5 concrete controls)
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• Unit Skin Friction (qs) is based on RQD and joint conditions 
(AASHTO LRFD 8th Ed. Section 10.8.3.5.4b)

• AASHTO Table 10.8.3.5.4b-1 used to determine value of αE

• For RQD of zero, αE = 0.3 based on graphical extrapolation  
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Design - skin friction in highly fractured rock



Design - scour considerations
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• Current VDOT scour policy is per HEC-18 and assumes rock 
with RQD<50% is scourable.

• Total design scour depths (100 yr flood): 

• Abut A = 29 ft

• Piers 2,3,4 = 23 to 42 ft

• All others = 8 to 12 ft



Drilled Shaft Plans (North half of bridge)
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Drilled Shaft Details - Piers
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Drilled Shaft Special Provision (including CSL testing)
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Defined in VDOT Special Provision by penetration rate:
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Criteria for Top of Rock Socket Determination



TIP testing Special Provisions 
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TIP photos courtesy of PDI



Bid Phase 
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• Language in contract required bidders to visually inspect 
the rock core boxes at the Lynchburg District office prior 
to bidding. 



Construction - Installation Plan 
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Construction - Access causeway 
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Construction - Access Causeway
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Construction - Trial Shaft 
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• Contractor requested to make trial shaft the first 
production shaft at an abutment. This was agreed to at 
the contractor’s risk.

• Trial shaft was at Abut B, did not have permanent casing.

• Initial pour issues with concrete mix design and 
admixtures. First 5 trucks were not accepted due to being 
out of spec for slump flow and air content. 

• Second attempt to pour was successful with only a minor 
issue at the very top of the trial shaft starting to set. 

• Contractor performed PIT to evaluate top 1-2 feet of trial 
shaft. 



Construction – Trial Shaft Installation

Virginia Department of Transportation 32



Construction - CSL and TIP testing – typical layout
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Construction - CSL test results - trial shaft
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Construction – TIP testing results - trial shaft
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Construction - CSL test results - production shafts
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Construction - TIP testing results – production shafts
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RV0 Note that this drilled shaft shows evidence of bulging below the casing.  Rock socket is designed to be narrower 
by 6 inches but we lose concrete into the fractured rock.
Vester, Robert (VDOT), 2025-09-10T19:52:44.362



Construction - Production Shafts
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Construction - Production Shafts
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Lessons learned 
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• Require contractors to view rock cores in person pre-bid

• Rock penetration rate in SP is key. Highly fractured hard 
rock behaves similar to unfractured rock 

• Highly fractured rock characterization/investigation - in-
situ testing - rock borehole shear test (RBST)??

• Consider MWD and/or sonic drilling

• Specify load test (bi-directional load cell or similar) in 
contract??



Construction - Collaboration
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• Close coordination/collaboration was key between:

• Lynchburg District (S&B, Materials, CN, Environmental)

• CO S&B Geotechnical

• Contractor

• Drilled shaft Subcontractor

• Mother Earth



Questions??? 
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"In theory there is no difference between theory and 
practice. In practice there is." Yogi Berra 





Geology
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From GER:

• We have differentiated IGM and rock using core recovery 
and RQD rather than auger/sampler refusal.

• We have characterized the materials below refusal but 
above interpreted TOR as non-friable IGM.

• Non-friable IGM descriptions should be used with caution 
as they only represent the more competent, recovered 
core and do not represent the strata washed out during 
coring.



Current VDOT Scour Policy
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• Current VDOT scour policy is to assume rock with    
RQD<50% is scourable (very conservative).

• Scour design is per HEC-18.

• Consideration is being given to allowing the use of the 
Erodibility Index Method (Annandale method) for scour in 
fractured rock (at piers only) on future projects. EIM was 
not used for this project.



Design - scour considerations
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• Current VDOT scour policy is per 
HEC-18 and assumes rock with 
RQD<50% is scourable.

• Total design scour depths (100 yr 
flood): 29 ft in Abut A, 23 to 42 ft 
in Piers 2 to 4 and 8 to 12 ft in all 
other substructures. (Depths referenced from 

bottom of pile cap for abutments and top of drilled shaft for piers)



Drilled Shaft Details - Abutments
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TIP testing Special Provisions 
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TIP testing Special Provisions 
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TIP photos courtesy of PDI



Subsurface Exploration – Sample Boring Logs
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Construction - Access Causeway
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Construction - Trial Shaft Installation
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Construction - Production Shafts
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Construction - Production Shafts
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Construction - Production Shafts
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Construction 
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