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Introduction

> Drilled shaft construction is vulnerable to formation of foundation defects. They are caused
by soil inclusion, concrete weakening (segregation, mixing with slurry, or not flowing
through rebar cage), or soft tip condition (poor cleaning).

> A study of 2986 drilled shafts in California found that more than 20% of drilled shafts
contained serious defects that could affect the piles’ structural integrity and thus could
jeopardize the load capacity (O’Neill and Farhan, 2004)

> Defects can cause a large reduction of foundation capacity and compromise long-term
durability due to exposure of rebars to groundwater and corrosion due to soil pH, sulfate
and chloride concentrations.

> Problem is critical for foundation elements that are large diameter and non-redundant (e.g.,
in case of limited space, right of way). The insufficient foundations could cause structural
distress/failure. Thus, requiring detailed diagnostic imaging of entire shaft for remediation
actions.

> Prior to this research, no existing NDT methods that can image drilled shafts in 2D/3D
pixels at inch scales.

Shafts with defects
(Mullins and Winters,
2011) that lead to
compromised durability
and the loss of capacity




Crosshole sonic logging (CSL)

Standard CSL setup and test configuration
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Thermal integrity profiling (TIP)

data acquisition system Temperature (°C)
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In field analysis (standardized under ASTM D7949), measured s
temperatures are proportional to local concrete volume and
radius. The local effective radius R, at a specific sensor depth is
estimated by relating the measured temperature T, to the
average baseline temperature T, calibrated against the
theoretical total volume from the concrete placement pouring
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Ultrasonic full-waveform inversion (FWI)

Delamination

» Mechanical wave
propagation is an
excellent approach for
diagnostic imaging,
because of the direct
physical connection to
mechanical properties
and defects.

Rebar
debonding
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Signal matching S-wave image by ultrasonic FWI

Chen R., Tran K.T., La H., Rawlinson T. and Dinh K., (2022), “Detection of delamination and rebar debonding

in concrete structures with ultrasonic SH-waveform tomography” Automation in Construction, 104004 6
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Challenges in drilled shaft imaging

al
-

> Inherent challenges
- large objects with limited access

- highly complex waveforms due to curved
shaft boundaries and defects

- discontinuity in parameter distribution such
as concrete-soil or concrete-defect
interfaces

> This project is to address these challenges
for the development of an advanced
ultrasonic method that enables new
capabilities of foundation imaging in terms
of resolution and accuracy.
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Project objective

» The project objective is to develop a new ultrasonic
technique for full-volume imaging of drilled shafts.

» The technique will enable to characterize the whole drilled
shaft at high-resolution (cm-pixels) for assessment of
concrete and defects both inside and outside the rebar
cage.



/"_'3" UNIVERSITY OQF ! -
E-.‘...-_jFLORIDAI |

a
-

Research approach

This project develops a new 2D ultrasonic full
waveform inversion (2D UFWI) method of
ultrasonic waves and verify the method with
synthetic and field experiments.

y-axis (m)

The ultrasonic waves are acquired from the
standard Crosshole Sonic Logging (CSL), using a
transmitter and a receiver moving along water-
filled access tubes.

0 0.5 1 15 2 2.5
x-axis (m)

Data collected from individual pairs of tubes at

each depth are combined for multi-channel shot 2 ]
gathers and then inverted to extract the shaft’s 2D .,/ S

P-wave velocity (Vp) image at the depth.
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Individual 2D images at depths (feet intervals 05
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Task1: Development of 2D UFWI algorithm

CSL testing
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2D UFWI algorithm

W
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» Forward modelling
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p: pressure field
v=1(X,y)=P-wave velocity

f: source function
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2D UFWI algorithm

» Model update
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Synthetic experiment with inner defect
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Synthetic experiment with inner defect

True model inverted model
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Synthetic experiment with outer defect
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Task 2: Optimization of test configurations

4000

» Conduct parametric studies with 0
synthetic models to determine 05

optimal test configurations, or the . D
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Test configurations for 8 ft diameter shaft
with internal defect
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Test configurations for 8 ft diameter shaft

with external defect
8 tubes 7 tubes
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Task 3: Verification of 2D UFWI algorithm on
drilled shaft with defects

A drilled shaft of 6-ft diameter and 40-ft
length with defects was used for validation.
The shaft was constructed at the FDOT Ly
Hawthorne test pit by Reliable Construction. . 1
Common defects were embedded in the shaft
both inside and outside the rebar cage. They
include soil inclusion, concrete segregation,
slurry inclusion, and soft bottom.

N\ (R=285T

Six access tubes were installed in accordance
with the ASTM CSL guideline of one tube per
foot of shaft diameter.

_A=B-Stesl @2 in @ 50
{R=2B.375", tied
.'I inside caga)

Analyzed results are compared to the as-built
information of shaft boundary and defects for
verification of the UFWI method capabilities. 20



Field experiment: defect fabrication
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Three defect levels (L1-L3) were sl
at 3.0 m (10 ft) intervals along the 2.
shaft length, together with a soft it
bottom at the base ¢
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i £ -,Lz
» concrete segregation at L1 3
(gravel bags) °
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» slurry inclusions at L3 (two 5- e SN
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» soft-bottom condition
(sandbags)
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Field experiment: rebar cage
with instruments and defects
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Drilled shaft construction
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CSL field experiment

TT‘>{ R

Field CSL test setup

CSL data were acquired three days after concrete
placement. A transmitter and receiver were deployed in
paired access tubes to collect crosshole ultrasonic
measurements.

Measurements were obtained for 15 tube pairs at 2-cm
depth intervals over the usable testing length, yielding 576

depth levels (approximately 38 ft).

CSL systerﬁ manufactured by Piletest
24
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Field experiment: sample CSL data
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Field experiment: data conditioning
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Field experiment: data analysis
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Field experiment: no-defect slice
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Comparison of L1 concrete-segregation / aggregate-rich defect: (a) field photograph, (b) as-
built defect, and (c) UFWI result. The dash line denotes the designed shaft boundary
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Field experiment: soil-inclusion defect
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Comparison of L2 necking / soil-inclusion defect: (a) field photograph, (b) as-built defect, and
(c) UFWI result. The dash line denotes the designed shaft boundary
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Field experiment: Slurry-inclusion defect
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Comparison of L3 slurry-inclusion defect: (a) field photograph, (b) design schematic, and (c)
UFWI result.
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Comparison of soft bottom: (a) field photograph, (b) as-built defect, and (c) UFWI inversion
result. The dash line denotes the designed shaft boundary
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3D comparison of as-built defects, field
installation, and UFWI reconstruction
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Field experiment: 3D boundary contours
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Comparison of UFWI with standard CSL results
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Comparison of UFWI with standard CSL results
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Comparison of UFWI with Thermal profiling

UFWI Temperature by fiber optic sensing
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Conclusion

2
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» The new ultrasonic full-waveform inversion method has been developed and
demonstrated excellent results in both computational and field experiments. The
method can characterize the entire cross section of drilled shafts at
centimeter-scale resolution, including concrete conditions both inside and
outside the rebar cage.

» The method provides quantitative information on shaft diameter, concrete
properties (e.g., P-wave velocity and elastic moduli), and defects, including
their location, size, shape, and severity, to support QA/QC of drilled-shaft
construction.

» The method can generate 2D cross-sectional images at closely spaced depth
intervals and reconstruct a 3D representation of the entire drilled shaft,
providing a more comprehensive assessment than conventional CSL
interpretation.

» The technology can improve drilled-shaft QA/QC by providing more accurate and
quantitative information for foundation acceptance and remediation
decisions, potentially reducing construction uncertainty, unnecessary corrective
work, and long-term risks to transportation infrastructure.

38



Project qualitative benefits

2
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» Improved foundation quality assurance and safety

Provides a nondestructive, full-volume imaging capability
for drilled shafts, including regions outside the rebar cage
where conventional CSL has limited ability to detect
defects, enabling more reliable identification of construction
anomalies and as-built conditions.

» More informed construction and asset-management
decisions

Produces high-resolution 2D/3D images of shaft geometry
and material conditions without requiring prior knowledge of
the shaft diameter or casting concrete volume, supporting
more confident acceptance, troubleshooting, and long-term
management of critical deep foundations.

39
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Project quantitative benefits

2
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» Reduce the risk of accepting defective foundations

The method provides centimeter-scale imaging of shaft geometry and
defects. It can identify defects inside the reinforcement cage, outside
the cage, and near the shaft boundary, providing substantially more
quantitative information for foundation acceptance and remediation
decisions.

» Reduce costly uncertainty and potential future
repair/replacement:

Field validation on a 6-ft-diameter, 40 ft-long drilled shaft successfully
detected four representative construction anomalies and generated a 3D
representation of the shaft. By identifying defect location, depth,
extent, and boundary geometry, the technology can help to target
remediation when necessary and avoid unnecessary rejection or costly
corrective work when the foundation is demonstrably sound.
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Future implementation

GUI software
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