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Using Ground Penetrating Radar Techniques
in Forensic Structural Engineering

By Chakradhar Gondi, PE (NAFE #13294), J. Vincent Barnes 11l, PE, and Michael J. Wightman

Abstract

One of the most powerful non-destructive testing methods in forensic structural engineering is ground
penetrating radar (GPR). It is utilized to detect subsurface features such as rebar, voids, and corrosion in con-
crete. It is also helpful in investigating differential settlements in structures by identifying voids and anomalies
in sub-surface soils that can cause structural instability. GPR works by emitting electromagnetic waves that
reflect off materials with varying electrical properties, producing 2-dimensional images or profiles of the sub-
surface. This paper explores the application of GPR techniques in gathering important structural data and
identifying subsurface anomalies and defects. Additionally, it also presents case studies from real-world fo-
rensic engineering investigations that demonstrate the use of GPR to diagnose structural defects and prepare
repair solutions while minimizing project costs. The challenges and limitations of GPR are also discussed. In
summary, GPR is an invaluable tool engineers can use to assess the structural integrity and design without

damaging the structure.
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Introduction

In forensic structural engineering, accurately diagnos-
ing structural issues without damaging the structure is an
important initial step of investigation. Non-destructive
testing (NDT) methods allow engineers to assess a struc-
ture’s internal condition, construction, and placement of
reinforcement. This information can be obtained non-in-
trusively, thus avoiding any partial demolitions that can
further damage the structure and increase costs associ-
ated with the examination. Among these NDT methods
to evaluate non-visible components, ground penetrating
radar (GPR) has gained prominence for its ability to detect
subsurface features and anomalies, providing crucial data
on structural performance.

GPR is particularly useful in concrete investigations.
It is able to detect internal features such as rebar placement
configuration, internal and/or underlying voids, reductions
in underlying soil support, and rebar corrosion'. These
findings can determine structural integrity when used to
predict the inherent strength and overall conditions of ex-
isting material and support conditions. This paper explores
the applications of GPR in forensic engineering, highlight-
ing real-world cases where it has been instrumental in

detecting structural findings and guiding repair strategies.
GPR’s technical principles, practical applications, and in-
herent limitations are discussed to provide a comprehen-
sive understanding of this powerful NDT tool.

The use of GPR in forensic structural engineering is
guided by several well-established standards that ensure
consistency and reliability in data collection and interpre-
tation. ASTM D6432-19 is the primary guide for surface
GPR methods'. It describes how to calibrate equipment,
collect signals, and interpret subsurface data. ASTM
D6087-22 provides a specific method for evaluating as-
phalt-covered concrete bridge decks using GPR?. This is
especially useful for detecting delamination or deteriora-
tion beneath the asphalt overlay.

The results from GPR methods are often validated
by other testing methods. For example, ASTM C1383-23
provides a standard method for measuring the thickness
of concrete members using impact echo testing’. This is
another NDT method often used to complement GPR find-
ings and confirm concrete member dimensions. For cor-
rosion assessment, ASTM C876-22 defines the standard
method for measuring corrosion potentials of uncoated
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reinforcing steel in concrete®. This method is often used
alongside GPR to help predict the extent of corrosion in
the reinforcing.

Ground Penetrating Radar (GPR):
Technical Background

GPR operates by transmitting electromagnetic waves
into a material that reflect back when encountering objects
or interfaces with contrasting dielectric properties®. These
dielectric properties are primarily controlled by electrical
conductance, material density, and moisture content. GPR
consists of a set of integrated electronic components that
transmits high-frequency electromagnetic waves and re-
cords the energy reflected back to the material surface. The
typical frequency range used for forensic studies ranges
from 800 megahertz (MHz) to 2.6 gigahertz (GHz). The
GPR system consists of an antenna, which serves as both a
transmitter/receiver and a profiling recorder that both pro-
cesses the incoming signal and provides a graphic digital
display of the data. The GPR data can be reviewed and
analyzed in real time or recorded for later review using
specialized analysis software.

A GPR survey provides a graphic cross-sectional view
of subsurface conditions. This cross-sectional view is cre-
ated from the reflections of repetitive short-duration elec-
tromagnetic (EM) waves that are generated as the antenna
is moved across the surface. The reflections occur at the
subsurface boundary contacts between materials with dif-
fering electrical properties. The GPR method is common-
ly used to identify such targets as thickness of concrete,
configuration and placement of rebar, internal or external
voids, underground utilities, underground storage tanks or
drums, buried debris, or geological features.

A GPR survey is conducted along survey lines (tran-
sects), which are measured paths along which the GPR
antenna is moved. Horizontal and vertical scale are inte-
grated into the GPR graphic output along with an elec-
tronic marker to indicate the current antenna position. This
electronic marker and scales allow for a correlation be-
tween the GPR data and the position of the GPR antenna
on the surface along with an estimated depth of any target
of interest.

The greater the electrical contrast between the sur-
rounding materials (earth or concrete) and target of inter-
est, the greater the amplitude of the reflected return signal.
Unless the buried object is metal, only part of the signal
energy will be reflected back to the antenna. The remain-
ing portion of the signal continues to propagate downward

to be reflected by deeper features. When the GPR signal
encounters metal, the high electrical conductivity and per-
mittivity of the material cause all of the signal energy to be
reflected back to the antenna, resulting in a strong, high-
amplitude response that is easily identifiable in the GPR
data.

It is noted that because of the 100% reflection that it is
not possible to identify any objects that are directly below
the metallic object. However, if there is little or no elec-
trical contrast between the target and surrounding earth
materials, it will be very difficult (if not impossible) to
identify the object using GPR. For example, steel rebar
surrounded by concrete is very easily detected, but a PVC
conduit that is filled with water that is below the water
table may be very difficult to detect. This is because both
the PVC water pipe and the surrounding saturated soils
would have similar dielectric properties, resulting in low
electrical contrast and a very weak or non-existent signal
reflection. In contrast, steel rebar in concrete creates strong
reflections due to the distinct contrast in dielectric proper-
ties between concrete and rebar.

The depth of penetration of the GPR signal is also
reduced as the antenna frequency is increased. However,
as antenna frequency is increased, the resolution of the
GPR data is improved. Therefore, when designing a GPR
survey, a tradeoff is made between the required depth of
penetration and desired resolution of the data. As a rule,
the highest frequency antenna that will still provide the
desired maximum depth of penetration should be used.

For many void studies focused on detecting voids in
soils beneath structures, an antenna frequency of 800 to
900 MHz is often used. Most rebar and concrete charac-
terization studies are completed using antennas with a fre-
quency of above 1.5 GHz. Depending on the objectives of
an investigation, multiple frequency antennas may need
to be used for the same project area. For example, a void
study might also require that the thickness of the concrete
slab and design of the reinforcement be determined.

It should be noted that the penetration depth of the
GPR signal can be greatly impacted by the age of the con-
crete. While newly poured concrete is going through the
initial curing process, the signal penetration depth will be
significantly reduced due to the elevated conductivity of
the concrete that is caused by the high moisture content.
It is the author’s experience that a minimum of two weeks
be allowed before attempting a GPR study for a concrete
structure.
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Application of GPR in Concrete Rebar
Mapping and Corrosion Evaluation

In structural investigations, verifying rebar place-
ment configuration and in-place condition is essential to
ensure compliance with design specifications and assess
structural safety. GPR can accurately map rebar depth and
configuration, identify missing reinforcements, and evalu-
ate corrosion®.

GPR can be integrated with other complementary
NDT tools to extend its capabilities and also help confirm
the GPR results’. Some of these complementary NDT
tools include impact echo (IE), electromagnetic (EM) me-
ters, and half-cell corrosion potential testing.

The IE method is used for thickness evaluations
and to assess the condition of concrete slabs, walls, and
beams®. The method requires access to only one surface
of the target area. The concrete thickness accuracy of the
IE method is +/- 2% when it is possible to calibrate the
instrument to a known concrete thickness at the site. The
IE equipment consists of a portable hand-held unit with an
electro-mechanical solenoid that generates acoustic com-
pressional waves that reflect back from the bottom or back
of the tested member or from a discontinuity or debonding
surface within the concrete. The response of the IE system
is then measured by the acoustic receiver mounted next to
the solenoid impact point and analyzed. The instrument
produces a real-time waveform display while testing. For
each data point collected, multiple waveform “stacks” are
recorded and used to produce the final estimated thickness.
The data can also be recorded for further analysis.

EM devices consist of a set of integrated electronic
components that can detect the presence of metallic objects
within concrete. The system operates on the principle of
pulse induction where a primary EM field is created by the
equipment. Any metallic objects within the equipment’s
sensitivity range will have created within them a second-
ary EM field that is sensed by the equipment. Modern EM
devices can also provide an estimate of cover depth and
rebar size for simple rebar configurations and where the
bars are sufficiently spaced far enough apart.

It should be noted that while GPR is effective for
locating reinforcement in concrete and estimating cover
depth, it is not typically reliable for accurately determin-
ing rebar diameter — particularly for smaller bar sizes’.
Although GPR can detect rebar and provide an approxi-
mate indication of bar size based on using advanced pro-
cessing techniques, more precise estimation often requires

complementary tools, such as EM devices. In most stud-
ies, the estimated rebar diameter is reported as plus/mi-
nus one bar size. The rebar survey results obtained from
GPR and EM systems are best validated through destruc-
tive testing methods such as coring, which provide direct
physical confirmation of the reinforcement size.

The half-cell potential method is used to monitor the
corrosion of steel rebar in concrete. Half-cell testing is per-
formed by connecting one electrode (the base electrode) to
an exposed piece of rebar within the concrete and placing
a second electrode (roving electrode) at testing locations
across the concrete surface. The potential response be-
tween the two electrodes is measured in millivolts (mV).
This test may involve selective chipping of concrete at
test locations to expose the rebar. Using the rebar layout
from GPR data, half-cell tests can focus on specific re-
gions where moisture or concrete anomalies are detected,
allowing for a more targeted and efficient corrosion as-
sessment'®. Based on the ASTM C876-09 standards, half-
cell measurements of less than -350 mV are considered
to indicate with a greater than 90% probability of rebar
corrosion. Values between -200 to -349 mV are considered
to indicate uncertain conditions, and values greater than
-200 mV and above are considered to have less than 10%
probability of rebar corrosion®.

Figure 1 and Figure 2 show GPR data samples from
a geophysical investigation performed by the authors for
a warehouse metal frame building in Clearwater, Florida.
This geophysical investigation was performed at multiple
locations throughout the concrete first floor slab, exterior
wall foundations, and interior column foundations of the
building. The existing building foundations were required
to be analyzed for increase in loading due to new proposed
additions on the roof. Since original as-built drawings of
the building were not available, a GPR survey was per-
formed to document foundation size and location of steel
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Figure 1
GPR data sample at concrete slab.
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Figure 2
GPR data sample at interior column foundation.

reinforcement. To validate the results, the GPR survey
was supplemented with additional NDT methods, includ-
ing EM and IE techniques. The IE testing was conducted
in accordance with ASTM C1383 to determine the thick-
ness of concrete elements. The EM survey was performed
using the Proceq 650 Al, which is capable of identifying
rebar to a maximum depth of 5 to 7 inches. The features
observed on GPR data that are most commonly associated
with rebar are:

* The occurrence of high-amplitude parabolic-
shaped GPR reflectors.

» If the reinforcing is continuous, the associated
GPR reflectors should match in both estimated
depth below surface and lateral position on paral-
lel GPR transect lines.

The horizontal scale in the sample two-dimensional
GPR scans shown in Figure 1 and Figure 2 represents lon-
gitudinal distance in feet, while the vertical scale denotes
the depth within the concrete member in inches. The peaks
of the hyperbola in Figure 1 and Figure 2 clearly define
the position of the rebars, while the distance between the
peaks represents the spacing between each rebar®.

Based on the scan data, a single layer of reinforcement
was identified near the bottom of the slab. Reinforcement
was present in both orthogonal directions; one direction is
visible in the figures, and the perpendicular direction was
confirmed from a separate set of GPR transects performed
orthogonal to those shown and correlated with typical

construction practices. The GPR data also identified the
transition boundary between the concrete and supporting
soil, allowing for the thickness of the concrete slab to be
estimated.

The GPR investigation determined that the concrete
slab for the main building ranges in thickness from 5.5 to
6.5 inches (Figure 1) and is reinforced with a rebar mat on
6-inch spacing. Using EM, the rebar size is estimated to be
either #4 or #5 , with a cover depth ranging from approxi-
mately 4.5 to 5.5 inches (Figure 1). The interior column
foundation does not appear to be a separate pad, but rather
an excavated thickening of the floor slab (Figure 2). The
foundation width at the bottom is approximately 3-foot by
3-foot, and the maximum thickness at center of foundation
is approximately 10 to 12 inches. No additional reinforce-
ment — besides what is present in overall slab — is ob-
served within the foundations.

Application of GPR in Identifying Possible Voids

Voids in soils beneath a structure can lead to differen-
tial settlement and instability of foundations and floor slab
systems. GPR assists in detecting such voids, particularly
in areas where soil erosion, poor compaction, or subsur-
face water flow have occurred. Identifying these voids
helps engineers devise solutions to stabilize foundations,
protecting against future settlement and structural damage.
The features observed on GPR data that are most com-
monly associated with void formation are:

* A downwarping of GPR reflector sets that is asso-
ciated with suspected lithological contacts toward
a common center. Such features typically have a
bowl or funnel-shaped configuration and can be
associated with a deflection of overlying sediment
horizons caused by the migration of sediments
into underlying voids. If the GPR reflector sets
are sharply downwarping and intersect, they can
create a “bow-tie”-shaped GPR reflection feature,
which often designates the apparent center of the
GPR anomaly.

* Alocalized significant increase in the depth of the
penetration and/or amplitude of the GPR signal
response. The increase in GPR signal penetration
depth or amplitude is often associated with void
formation.

* An increase in the amplitude of horizontal reflec-
tor sets below the concrete slab indicating an air
space void.
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The case study in the next section is a real-life project
example that demonstrates how GPR was used effectively
to identify anomalies in subsurface soils to prepare solu-
tions for a loading dock slab repair.

Case Study — Loading Dock Slab
Settlement Investigation

A loading dock slab for an office facility located in
Tampa, Florida began exhibiting signs of settlement, in-
cluding noticeable cracks and uneven surfaces that disrupt-
ed operations (Figures 3, 4, and 5). The building served by
the loading dock is a seven-story office building built ap-
proximately in 2007. The loading dock area consists of an
elevated concrete slab that rises about 4 ft from the ground
surface and a concrete retaining stem wall. This area is
being used for loading/unloading the shipping supplies of

ROOF DRAIN
DOWNSPUT

CRACKING AND
SETTLEMENT IN
CONCRETE SLAB

LOADING DOCK
STEM WALL

st

. | ROOF DRAIN
| DiscHARGE

e

Figure 3
Loading dock area.

Figure 4
Up to Ys-inch-wide crack across the slab.

various businesses in the building. The slab and retaining
wall itself are independent structures and not connected to
the main building. The slab is tied into the retaining wall
with rebar dowels.

A forensic investigation using GPR survey was per-
formed across the loading dock area to identify and locate
any possible voids or heterogeneities (e.g., buried debris)
in the soil underneath the concrete slab that could be asso-
ciated with the differential settlement and concrete crack-
ing. The GPR survey was conducted along a grid series
of GPR transects that were spaced 2 ft apart, as shown
in Figure 6. The GPR data was collected using two GPR
systems.

A high-resolution imaging of soil conditions directly
below the slab was obtained using GSSI Mini Structure
Scan with a 2.6 GHz antenna with a time range setting
of 10 nanoseconds. This provided a very high-resolution
imaging of soil conditions directly below the slab to a
depth of approximately 1.5 ft below land surface (bls). The

Figure 5
Up to 2 inches of slab drop in the eastern edge.
‘ROOF DRAIN
DISCHARGE cracks /JOINT ROOF DRAIN 3'-4" DEEP VOID
/_(TYF’ICAL) DISCHARGE OBSERVED AT JOINT
! ] HYDRAULIC PUMP
T ‘ll H ' FOR COMPACTOR
o | i
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@l 2 oes )
=] / BORING#3 Z
] L =
AT 2 - E
\ N SLAB TOWARDS X
Sl Ny somoncanter, TR L
\ EXTERIOR BUILDING WALL \
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DOWN SPOUT BUILDING DOWN SPOUTS
EXPLANATION
GPR T LINES WITH
AREAS OF SUSPECTED SHALLOW VOIDS DIRECTLY
) BELOW BOTTOM OF SLAB (TYPE 1)
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I oEvELOPMENT AT 2.5' TO &' BELOW SURFACE (TYPE 2) [
O L BORINGS FOR TESTING
Figure 6

Site map showing results of GPR investigation.
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assessment of deeper soil conditions was completed using
a GSSI SIR 3000 with a 900 MHz antenna and a time
range setting of 30 nanoseconds. This equipment configu-
ration provided an estimated depth of investigation of 2 to
3 ftbls.

The results of the geophysical investigation are pre-
sented in Figures 6, 7, and 8. Based on the GPR results,
the authors identified two types of anomalous subsurface
conditions. Type 1 anomalies are suspected shallow voids
directly below the bottom of the slab. For the majority of
the anomaly areas, these voids appear to be less than 0.25
inches in height. However, in some areas, they could be up
to 3 to 4 inches in height — as was observed at the north-
ern end of the slab joint in the eastern portion of the site.
Type 2 anomalies are characterized by a localized increase
in the amplitude of the GPR signal response at a depth
range of 2.5 to 4 ft bls. Examples of the GPR data col-
lected across each of the Type 1 and Type 2 anomaly areas
are provided in Figure 7 and Figure 8. The coloration of
the interpreted voids in Figures 7 and 8 was produced by
the equipment software, which offers options for selecting

Area of Thin Void
Directly Below Bottom
of Slab (Type 1)

Figure 7
GPR data collected with 900 Mhz antenna.

I oy | iy
) / f
Y h.fc,dﬁ'l'. ( A
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0 als 4 VIS
{PRa| Area of Thin Void
& Directly Below Bottom |
o of Slab (Type 1)
Figure 8
GPR data collected with 2.6 GHz antenna.

both the color palette and how the amplitudes of the re-
turns are displayed. Further evaluation of these GPR study
results indicated the following:

*  Type 1 and Type 2 anomalies are present in the
majority of the area where the concrete slab is
sloping to a common center in the western portion
of the slab.

e Type | and Type 2 anomalies are present along the
entire route of the eastern roof drain but are only
present in a portion of the western roof drain.

*  Type 2 (deep) anomalies are present within the en-
tire lateral extent of the Type 1 (shallow) anoma-
lies.

* The original building structural drawings indi-
cated that the slab construction is 5 inches thick
with 6x6-W2.9xW2.9 welded wire reinforcement
(WWR). The GPR results, as shown in Figure 8,
determined that the concrete slab thickness ranged
from approximately 2.5 to 5 inches, based on the
depth of the last consistent horizontal reflector be-
fore signal attenuation. The regular spacing and
consistent pattern of low-amplitude hyperbolic re-
flections observed near the bottom of the slab sug-
gested a rebar or mesh pattern with a 6-inch grid
spacing. However, as previously discussed, GPR
has limitations in distinguishing fine mesh ele-
ments from closely spaced small-diameter rebar,
particularly when the wire is of a smaller gauge.

It was considered that the GPR anomalies were as-
sociated with voids or low-density soils/buried debris.
Hence, a follow-up shallow geotechnical soil testing was
performed in this area to evaluate the soil profile and con-
firm the GPR findings of any suspected voids. A total of
three hand auger borings were drilled into existing con-
crete slab and soil fill to a depth of about 5 ft below top of
slab or auger refusal. A dynamic cone penetrometer (DCP)
test was performed at each hand auger location to evaluate
soil density in the upper approximate 4 to 5 ft of the soil
profile!!. The soil samples were also visually classified soil
samples in the laboratory using the Unified Soil Classifica-
tion System'2.

The results of soil profiles from hand auger borings
is shown in Figure 9. The summary of lime rock bear-
ing ratio (LBR) results obtained from DCP tests at each
hand auger location is presented in Figure 10. The LBR is
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Fi:th 'fei;] Material Description
HA-01
0.5 2 inches of void below 4 inches thick slab core
0.5 15 Gray fine sand (SP) with rock fragments and clay clods
15 25 Gray fine sand (SP) with rock fragments, plastic sheet, burnt wood, and
clay clods
2.5 35 Gray fine sand (SP) with roots and metal debris
35 5.0 Gray fine sand (SP) with rock fragments and clay clods
HA-02
o 0.75 4.75 inches of void below 4.25 inches thick slab core
0.75 25 Gray fine sand (5P) with clay clods
25 45 Gray fine sand with fragments of old cast iron pipe
HA-03
] 05 3 inches of void below 3 inches thick slab core
0.5 45 Gray fine sand (5P) with clay clods and limerock fragments
4.5 5.0 Gray fine sand (SP) with fragments of shells and limerock

Figure 9
Summary of hand auger boring results.

ot

VANV
+

A

Depth (in

Figure 10
Relative subgrades density vs depth at hand auger boring results.

a measure of soil strength commonly used in Florida for
evaluating roadway subgrades. It is a variation of the Cali-
fornia Bearing Ratio (CBR), which is used outside of Flor-
ida with the conversion LBR = 1.25 x CBR". The DCP
test was conducted in accordance with ASTM D6951,
where the number of blows over a specific depth interval
was converted to an equivalent CBR or LBR percentage.

Essentially, LBR quantifies the relative strength of a
material as a percentage of lime rock strength, with higher
values representing greater compaction and lower values
indicating looser material. Different materials have char-
acteristic maximum LBR values when properly compact-
ed. For instance, crushed concrete typically has an LBR of
around 150%. Lime rock (limestone) has a standard LBR
of 100%, meaning an LBR of 100% represents material
strength equivalent to that of lime rock. Clean fine sand,
when well-compacted, typically has an LBR of 20% to
22%".

Further evaluation of the geotechnical testing results
from Figures 9 and 10 indicated:

* Hand auger borings and DCP soundings indicat-
ed that the supporting soil is very loose and filled
with buried debris, which confirmed the Type 2
(deep) anomalies depicted in the GPR survey re-
sults shown in Figures 6 through 8.

* In Figure 10, all recorded LBR values were be-
low 5%, indicating that the soil beneath the load-
ing dock slab is extremely loose. If the soil had
been properly compacted or had not experienced
degradation due to material loss, the LBR should
have been at least 15 to 20%'. Additionally, the
DCP data for hand auger #3 showed a few outli-
ers corresponding to higher LBR percentages at
greater depths, which likely indicate obstructions
or very hard materials within the soil profile.

* These results indicated that the soil underneath
the loading dock slab contained debris (burnt
wood, debris and other unsuitable material) pri-
or to filling the area for the construction of the
dock. Debris inherently contained void spaces,
and, over time, soil gradually migrated into these
openings. This soil migration loosened the soil
and caused settlement, which resulted in the set-
tlement of the slab itself.

*  Since the loading dock was constructed as a soil-
supported slab, the supporting soil settlement led
to distress in the concrete slab through differen-
tial settlement and concrete cracking.

Based on the results of the GPR survey and geotechni-
cal soil testing, recommendations were provided for the
complete removal of all existing loading dock slab and the
underlying fill soil to a depth of at least 4 ft below the
top of the slab. Subsequently, the forensic team designed
a new replacement slab and new compacted fill under the
slab in loading dock area. The new slab was tied into the
existing 4-ft-tall concrete stemwall with rebar dowels.
Additionally, existing roof drain downspout pipes, which
pass under the loading dock slab and discharge at the bot-
tom of the concrete stem wall, were examined during the
excavation and removal of the existing slab and soil fill.
The existing roof drain pipes were found to be intact, free
from debris, and without leaks. As a result, the existing
drain pipes were salvaged and reused with the new slab
and soil fill.
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Challenges and Limitations of GPR
in Structural Investigations

While GPR is a valuable tool in forensic investiga-
tions, it does have limitations that engineers must consider.
The analysis and collection of GPR data is both a technical
and interpretative skill. Misinterpretation of the findings
can lead to unnecessary repairs or overlooked issues. The
technical aspects of GPR investigations are learned from
both training and experience. Having the opportunity to
compare GPR data collected in numerous settings to the
results from geotechnical and structural studies performed
at the same locations allows the forensic engineer to de-
velop interpretative skills for soil and concrete character-
ization studies.

The penetration depth of GPR is limited by the fre-
quency of the electromagnetic waves and the material’s
properties. For instance, highly conductive materials (like
wet clay or metal-reinforced concrete) can significantly
reduce depth penetration. Selecting the appropriate fre-
quency is critical but often involves trade-offs between
resolution and depth.

The ability of GPR to collect interpretable information
at a project site is limited by the attenuation (absorption) of
the GPR signal by underlying soils. Once the GPR signal
has been attenuated at a particular depth, information re-
garding deeper geological conditions will not be obtained.
GPR data can only resolve subsurface features that have a
sufficient electrical contrast between the feature in question
and surrounding earth materials. If an insufficient contrast
is present, the subsurface feature will not be identified.

Environmental factors, such as moisture, metal inclu-
sions, and closely spaced rebar, can interfere with GPR
signals, creating noise that complicates data interpretation.
Thus, the forensic engineer should consider complemen-
tary NDT or destructive methods necessary to confirm
findings or improve accuracy.

Conclusion

GPR has proven to be an indispensable tool in fo-
rensic structural engineering, offering non-destructive
insights into subsurface conditions that are critical for
structural assessment. Through case studies, this paper has
demonstrated GPR’s application in rebar mapping, void
detection, and corrosion assessment, highlighting its cost-
effectiveness and diagnostic precision. While GPR has
limitations, such as depth restrictions and sensitivity to
environmental conditions, its advantages make it a valu-
able resource for engineers seeking to preserve structural

integrity without invasive testing. Pairing the GPR tech-
nology with other complementary NDT tools like impact
echo, electromagnetics, and half-cell potential tests — or
with limited destructive testing or borings — will further
enhance its applications and accuracy in forensic investi-
gations.
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