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Texas Bridge Inventory

• +56,000 bridges in Texas
• +20,000 locally owned
• +7,000 with unknown foundations



Bridge Scour Risk

• Bridges with known 
foundations vs bridges 
unknown foundations 
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Texas’ Next Steps for Unknown Foundations

• Complete scour risk 
assessments.

• Prioritize bridges  based 
on scour risk.
• Scour coding of 1, 2, or 3

• < 400 bridges



Nondestructive Testing and Evaluation
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• Background

• Methods of Testing and Analysis

• Validation



NCHRP 21-5

Credit: NCHRP 21-5



NDT-E Primary Methods
• Sonic Echo / Impulse Response

• Designated by ASTM D5882 – Standard Method for Low Strain Impact 
Integrity Testing of Deep Foundations

• Ultraseismic Vertical Profiling
• Developed as part of NCHRP 21-5, “Determination of Unknown Subsurface 

Bridge Foundations.”

• Parallel Seismic Survey
• One of the oldest, most reliable methods for determining the embedded 

depth of unknown foundations.
• Typically used for foundations where access to the pile is restricted (pile 

caps).
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Sonic Echo / Impulse Response (SE/IR) 
• ASTM D5882

• Standard Method for Low 
Strain Impact Integrity 
Testing of Deep Foundations

• Requires access to the top 
of the pile or a method to 
induce compression (P) 
waves.

Credit: NCHRP 21-5



SE/IR Analysis
• Data is analyzed in the 

time domain to 
identify the impulse 
and echo of the wave 
generated.

• With wave speeds 
measured in the field, 
the depth is 
calculated.

Credit: Rashidyan et al., 2016



BDI Automated Unknown 
Foundation Examiner



Pile Inspection
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• Not all piles are 
perfectly uniform.

• Multiple boundary 
conditions exist that 
can cause the 
reflection analysis to 
be difficult.

Credit: Olson Instruments, Inc.



Potentially Difficult Analysis Cases
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Credit: Olson Instruments, Inc.



Ultraseismic Vertical Profiling
• Developed during NCHRP 

21-05 as an improved 
method for depth 
determination when piles 
are accessible

• Multiple vertical and 
lateral transducers 
mounted

• Vertical and lateral 
impacts to pile

Credit: Jalinoos et al., 2017



Ultraseismic Vertical Profiling Setup
• BDI US setup typically uses 12 

mounting locations with 24 total 
accelerometers with a spacing of 1’ or 
less.

• Multiple instrumented hammers are 
utilized to generate dynamic impacts 
into the pile vertically and laterally.



Ultraseismic Vertical Profiling
• Multiple wave reflections 

allow for the identification 
of the bottom of the pile

• Typically analyze 
compression (P) waves as 
flexural waves have been 
found to be unreliable 
(difficult) to analyze in soil 
of varying strata.



Parallel Seismic Survey

• Typically utilized when access to the pile is 
not available (pile caps, etc.)

• One of the oldest and most reliable methods 
to determine embedded depth of unknown 
foundations.
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Figure 9 - Parallel Seismic Test Method

Preferably all borings for the Parallel Seismic (PS) test should be cased (either with plastic

or steel) with inside diameter 50 mm (2-in.) or larger.  Open hole PS test is also acceptable

but this requires mechanical clamping geophones and the user runs the risk of losing the

tool due to soil caving.  The casing and boring must be filled with water before testing if

hydrophones are to be used.  The casing should be dry if geophones are to be used (the

preferred method).  Borings should be drilled with as little deviation from vertical as

possible.  The void between the soil and casing should ideally be cement-grouted for

obtaining the best PS results with geophones.  Grouting must be done in compliance to

ASTM D 4428/D 4428M standard for Crosshole Seismic Testing.

For fully saturated sites below the water-table, the use of geophones and grouting is not

as critical; a number of PS tests have been performed with hydrophones in slotted plastic

casing and no grouting at these sites.  The water couples the compressional wave energy

through the soils to the hydrophones in the water-filled boring and casing.  In partially

saturated soils, loose sand has been used to fill the void between the soil and the casing

Credit: NCHRP 21-5



Parallel Seismic Survey

• Hydrophone lowered in 1’ increments 
into a grout cased borehole.

• Instrumented hammer records time of 
impact and hydrophone records travel 
time.



Parallel Seismic Survey
• A change in slope of the wave arrival indicates the bottom of the pile.

Credit: Rybak and 
Schamowicz, 2008



Validation Efforts
• Blind validation study as part of LADOTD Retainer Contract for Determination 

of Unknown Foundations Statewide
• 6 bridges; 18 piles tested and recorded within +/- 10%

• ~165 bridges (3 piles each typ.) tested subsequently that have been found to 
have known depths
• US methodology within 5%
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Validation

• Boring to validate 
cracking / lack of 
consolidation.

• Borescope utilized to 
identify exact cause of 
integrity issue.
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Thank You

Steven Austin, TxDOT 
Shane Boone, BDI
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