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Limitations of GPR for Concrete Scanning and
Structural Imaging

As part of our continued commitment to safety, accuracy, and client transparency, this
memorandum outlines the known limitations and critical considerations associated with
Ground Penetrating Radar (GPR) for concrete scanning and structural imaging. While
GPR is a powerful, non-invasive tool for detecting embedded features within concrete, it
is important to understand that its performance and data interpretation are highly
dependent on site conditions, construction variables, and physical material properties.

Overview of GPR for Structural Imaging Capabilities

Ground Penetrating Radar (GPR) uses high-frequency electromagnetic pulses to detect
objects, voids, and reinforcement materials within concrete slabs and structures. It is the
preferred method for scanning concrete due to its non-destructive nature, portability, and
real-time results. GPR is often used to locate:

Rebar and post-tension (PT) cables

Conduits (metallic and non-metallic)

Voids, cracks, and delamination

Slab thickness and layering

Embedded junction boxes, beams, and columns

General Limitations of GPR in Concrete Scanning

1. Signal Attenuation



Materials with high electrical conductivity (e.g., wet concrete, clay) and high dielectric
constants (e.g., saturated environments) significantly attenuate radar signals, limiting
penetration depth and reducing image quality.

2. Metallic Interference

Metals are complete reflectors of GPR signals. Features beneath metal decking, rebar
mats, wire mesh, or metal conduits cannot be detected. Pan decking and closely spaced
rebar can mask deeper objects.

3. Depth Accuracy Constraints

GPR does not inherently measure depth. Depth is calculated using estimated dielectric
values, which vary with moisture content, material composition, and temperature. A
mismatch in dielectric values results in inaccurate depth readings.

4. One Dielectric Limitation

GPR systems accept only a single average dielectric value per scan. Layered or
heterogeneous materials with varying dielectrics (e.g., stone base under slab-on-grade)
affect depth accuracy and interpretation.

5. Operator Interpretation Required

GPR data is not self-explanatory and requires skilled interpretation. Hyperbolas, voids,
and reflections can be misidentified by untrained operators.

6. No Visual Through Certain Slabs
GPR cannot "see" through:

o Steel decking/pan decking

Dense mesh overlap

Embedded metals or shielding

Extremely wet, fresh, or highly conductive concrete

Hollow core slabs

Structural Slab-Specific Limitations



A. Rebar Slabs

¢ Dual rebar mats must be confirmed; wire mesh alone is non-structural and
insufficient for bottom-of-slab verification.

¢ Incorrect diagnosis may result in marking a topping slab instead of structural slab.
B. Post-Tension (PT) Slabs

o PT cables are high-stress structural components. Striking them can cause
catastrophic failure.

o PT cables reflect as dipping hyperbolas or bands but are often encased in low-
dielectric sheaths, making them difficult to identify without expert interpretation.

C. Hollow-Core Slabs

o Cables are pre-installed between hollows and cannot be directly seen with GPR.

e Marking is based on pattern recognition—cables should be marked at the
intersections between hollow core reflections, not the hollows themselves.

« Bottom of slab cannot be confirmed via GPR due to signal disruption in hollow voids.
D. Ribbed and Waffle Slabs

o Thin slabs (2"-6") rely structurally on embedded joists (beams), which must be
identified and avoided during coring or cutting.

o Cross-polarized scans are essential to distinguish joists from conduits or rebar.
E. Decking Slabs (Pan Decking)

o Signal is reflected by metal decking—GPR cannot detect objects below the deck.
¢ Only the upper portion of the slab can be imaged.

e Conduits in valleys are particularly difficult to detect and carry risk during saw cutting.
F. Slabs on Grade & PT Slabs on Grade

» Reflection at the slab's bottom may be weak or indistinct due to low dielectric
contrast with the soil or stone base.

e Variance in slab thickness, use of wire mesh, and presence of voids complicate
depth readings.



+ Conduits may lie just beneath the slab and are harder to distinguish from soil
reflections.

Marking & Scanning Protocol Limitations

e Scan Angle Matters: Cross-polarization and multi-angle scans improve visibility but
are time-consuming.

o Time Zero Errors: Automatic surface calibration may misinterpret the slab surface,
especially when initialized over dense metals, leading to incorrect depth
measurements.

¢ Mesh Overlap Confusion: Mesh overlap may mimic conduit signals and vice versa.
Confirmation via spacing, cross-polarization, and depth alignment is essential.

« Embedded Electrical Boxes and Smurf Tubes: These features may present
unique reflection patterns requiring additional scan analysis and site marking.

o Conduit Detection: Non-metallic conduits may be invisible without cross-
polarization. Power mode on an EM locator may not detect inactive or low-voltage
lines.

Depth Accuracy Challenges

* Velocity Dependency: GPR measures time, not distance. Velocity is estimated via
dielectric constants, which vary with moisture and material changes.

* Hyperbola Matching & Ground Truthing: Ideal for depth calibration but not always
feasible on every site.

» Slab Consistency Assumptions: Depth accuracy improves in uniform materials like
dry concrete. Soil, especially with moisture, has unpredictable variability.

Summary of Site and Material Considerations

| Material/Condition | Impact on GPR | | | | | Wet Concrete |
Severe signal attenuation | | Pan Decking | Reflective surface — no penetration | | Metal

Rebar Mat | Limits view to deeper layers | | Wire Mesh Only | May prevent seeing slab
bottom | | Mixed Dielectrics | Depth distortion and false positives | | Hollow Voids | Signal
distortion and reflection scatter | | Dense Soil/Clay | High attenuation and reduced range |



Final Notes on Limitations

The client shall assume all liability for any damages incurred while working within 3.5
inches of CNI Locates Ltd. markings on post-tension structures, within 2 inches of
markings on buildings with only rebar, and within 2.5 inches of any wall or objects
obstructing our scan.

We are only able to mark the center point (+/- ¥4") of any object (e.g., rebar, post tension,
conduits, etc.)

GPR does not identify what the objects are (e.g., rebar, post tension, conduits, etc.)

While GPR is one of the most advanced and flexible tools available for concrete and
structural imaging, it is not without limitations. These limitations stem from:

Physical material properties

Environmental variables

Construction methods

Technological constraints of radar physics

Limited access

Proper scanning technique, equipment calibration, slab-type identification, and
interpretation are critical for accurate results. C-N-I Locates employs NUCLA Certified
Technicians and adheres to rigorous SOPs to ensure the best outcomes possible within
the limitations of the technology.

For high-risk applications, complementary methods such as ferroscan, cover meters, or
even X-ray may be recommended. However, GPR remains the most efficient and non-
invasive option for most scenarios when properly understood and applied.



