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Section 1

INTRODUCTION TO GPR
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&1 Introduction to NDT

Lab & Testing for diagnosis by ‘building doctors’
A2CK @ Nondestructive testing (NDT)

Heritage diagnosis

Direct current electric method — IP

Electrical prospecting — 1 ductive method ~ SIP
i _ —— Controlled source —{
(A.C. electric method)

N

Seismic prospecting o~ P-wave

. . - _<
( (ultra)sonic/mechanical wave) = \. S wave (BE)

NDT methods
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i Infrared thermography

Radiography As-built detection
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&1 1 Seeing through concrete
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Lab & Inside of reinforced concrete JR#E1:

oK = Rebar §XE5
= Connectors 1&E#54
 Aggregate &1/
= Pipes (with air, water, cable)
® Surveying / testing for concrete defects /corrosion SFEES ph

= [Destructive] Penetrating / probe ZF%l. &+, IR

@ [Non-destructive] Ultra-sonic pulse &/ 5

@ [Non-destructive] Ground-penetrating-radar (GPR) $R#BEE1X
o Polarized high-frequency 10 MHz to 2.6 GHz radio wave
o E.g., a pipe conductor return a hyperbola in radar image

= Radioactive (say, X-ray) XJ%

%

Xue: Sharing



iLab
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GPR: Ground Penetrating Radar (cont.)

iLab
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iLab
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B 1 GPR signals
® GPR signal property

= electromagnetic signals
= signal amplitude decays with depth
= dependent on relative permittivity (or dielectric constant) (e,)

o insulator to store electric energy in an electrical field

Material Common DCR
Reinforced (LR s
concrete Wall Rebar Near ideal conductor
Sand (Dry) 2.5-3
Clay (Wet) 8-15
Granite 5-8
Geological Limestone 7-9
Materials
Dolomite 6.8-8
Sandstone (Wet) 6
Mudstone (Wet) 7

Interface model Mathematical Pulse
model
: - e =]
.K <

Representation of GPR signals



B 1. Traditional GPR image

" ®GPR image /C-scans

A mLight = conductor H=54&
= Dark = insulator

=Gray = between

B =

C-thrue Visualisation ’
(Sources: Authors; Leica)
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1 Limitations and our development

tab & Limitations in traditional GPR processing

AoCHK = Noise from reflections/ringing by steel/rebar/power lines.
= Ambiguity in target identification: Similar pattern of root/pipe
= Depth estimation errors:

o Relies on assumed or measured EM wave velocity

o errors in velocity lead to incorrect depth calculations.
= Clutter and multiple reflections

o Complex subsurface leads overlapping signals that are
difficult to read/separate.

© We design a web AR tool to partly solve these
= Noise filtering, 3D measurement, clutter filtering
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nscg XGPR-AR

1 Interface functions

GPR-AR (gprar.netlify.app) is a visualization platform for GPR scanning results

Tools:

* to measure length and area

Scanresult:

* the blue plane is the
scanning plane normally

* controlling the mouse to
move and zoom to realize
the 3D visualization
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A -GPR See-through App (HKU TDG/KE)
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Control panel:

to choose the mode and
example
to adjust the reference plane

AdjustmentBar:

the visualization is displayed
by the logarithm of reflection
intensity

large difference values
indicate different materials
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1 Introduction to device and our GPR-AR

iLab
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Section 2

A CASE OF CONCRETE
HERITAGE BUILDING
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2.1 The Watchtower, Luk Tei Tong

Lab - & Watchtower #
Aok = Luk Tei Tong (EEitEHE) Village, Mei Wo, Lantau
= Around 1942 by the Tsangs (&) villagers T
= Defense against pirates, bandits and the Japanese. » f, "~ 2%

= Grade of historic buildings: 11
= Converted for residential use in the 1950s

The object ,- Site scanning - -~ 2D B/C-scan - B 3D reconstruction on GPR-AR .
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Depth<0.15m
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Lab & Muiwo-1, Ground
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2.3 Result 1 on the ground

i

= A rebar grid can be found at depth<0.15m; clearly visible.

= A beam can be detected at a depth range of [0.6,0.75]m. 0.1

0.75m

Cross-sectional schematic diagram

Depth<0.15
P m [0.6,0.75]m

site 3D visualization of the rebar grid 3D visualization of the beam
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Lab & Muiwo-2, Wall
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Result 2 on wall

e

= No visible rebar, and the void between the stone is seen.
= Site: 2/F (here)

59 Ln(Reflection Intensity)*100 100
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https://lumalabs.ai/embed/40d5322a-a82b-44f1-9cbc-28a214fb7465?mode=sparkles&background=%23ffffff&color=%23000000&showTitle=true&loadBg=true&logoPosition=bottom-left&infoPosition=bottom-right&cinematicVideo=undefined&showMenu=false
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Result 3 on stairs
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Lab & Muiwo-3, Stairs
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= A rebar grid can be measured at depth= 0.06m.

Xue:%nal'mg

Scanning site

64 Ln(Reflection Intensity)* 100

100

3D visualization of the rebar grid
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1 Result 3 on stairs 2
Lab - & Muiwo-4, Stair #2
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= A rebar grid can be observed at depth=0.06m
= but the scan signal is a little worse than that of Muiwo-3.
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Ln(Reflection Intensity)* 100

100

Scanning site 3D visualization of the rebar grid
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7 3 Summary

=
A a
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iLab @ GPR

AoCkK = An NDT technology
= But has many limitations
© We designed a web AR tool in post-processing GPR data
® Piloted in a concrete heritage building
= Confirmed depth estimation
= Detect objects

< Limitations include poor registration in some scans
® Future work

= Data cleansing/fine-registration before AR measurement
= Al method for auto detection
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