
Nondestructive Imaging and Diagnosis of 
Concrete Structures with Ground 
Penetrating Radar and Infrared 
Thermography

Ir Dr. Wallace Wai-Lok LAI1,2 and Dr. Janet Fung-Chu SHAM1

1The Hong Kong Polytechnic University
2 Federal Institute of Materials Research and Testing (BAM), Berlin



Medical Imaging for more than 100 years

The Hand of Mrs. Wilhelm 
Röntgen by X-ray (1895)

A Foot by Magnetic Resonance 
Imaging (MRI) (2017)



From Medical to Infrastructure Imaging: 
Are you ready?

> Why image?
> What to image?
> How to image? 
> How to make use of the images?
> Who can do it in daily basis?
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Why image?

Wallace Wai-Lok Lai, Xavier Dérobert, Peter Annan. A review of  Ground Penetrating Radar application in 
civil engineering: A 30-year journey from Locating and Testing to Imaging and Diagnosis. NDT & E 
International, Volume 96, June 2018, Pages 58-78.



Two Examples for Nondestructive Imaging
and Diagnosis of Concrete Structures

Corrosion diagnosis of 
concrete structures via 
Ground Penetrating Radar 
(GPR) Imaging

Water seepage and 
delamination diagnosis in 
gravity sewer pipes by 
active and passive Infrared 
Thermography (IR) aided 
with in-house automatic 
size estimation algorithm
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Corrosion diagnosis of ground 
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Motivation
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> The client (CEDD) 
suspects that a large part of 
the FRP-wrapped concrete 
slabs in Hong Kong-Macau 
Ferry Terminal is 
delaminated.

>The slab is subject to tide 
and is constantly exposed 
to seawater.

>There is no other NDT 
method….how to diagnose??



Site description
(Macau Ferry Terminal, MFT)
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Surveyed area: 9m x 4m Surveyed area: 8m x 1.5m x 0.35m depth 

Location 1: Slab soffit Location 2: Beam side and soffit



Method of data collection, processing and 
presentation
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GSSI Control Unit and 2GHz Antenna



Method of data collection, processing and 
presentation
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Findings: Signatures of abnormal GPR signals (C-scan slices)
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Abnormal Signals

Location 1
Location 2

Location 3
Location 4



Method of data collection, processing and 
presentation
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Findings: Signatures of abnormal GPR 
signals (B-scans) – Location 1 & 2
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Region A Region B Region C
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Findings: Open-up by coring
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K1: Failed to core, open-up survey, water 
seepage

C1: Failed to core, open-up survey, water 
seepage

C2: Cored successfully, 53.5MPa 

K2: Cored, no defect

C3: Partially cored, internal 
micro-cracks

C4: Cored successfully, 
47MPa 

K4: Cored, no 
defect

C5: Cored 
successfully, 

57MPa 

Repaired area

BK1: 
Cored, no 

defect

BC1: Cored 
successfully, 

62MPa

BC4: Partially, cored, 
internal micro-cracks

BC2: Failed to 
core, open-up 

survey, 
delamination

BK2: Partially cored, delamination 
between existing and repairing 

materials

BC3: Partially cored, 
honeycomb

BK3: Partially cored, 
delamination

BC3     BK3 BK2   BC2 BC4 BC1   BK1

BC1(1.8m, 0.2m) BK1(1.2m, 0.2m)BC2(5.5m, 0.2m)
BK2(6m, 
0.2m)

BC3(7.5m, 0.2m)

BK3(6.8m, 0.2m)
BC4(4.5m, 0.2m)



Findings: Open-up by hacking off 
surface concrete

>Reinforced concrete slab
>> 30 years old ferry pier

The delamination 
confirmed by open-up

Abnormal high
signal amplitude






Health model



Health model

Healthy

Unhealthy

Unhealthy
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Janet F.C. Sham and Wallace W.L. Lai (2017) Diagnosis of Reinforced 
Concrete Structures by GPR Survey, IWAGPR 2017, Edinburgh.



21

Extended readings



Some 
changes



Water seepage and delamination 
diagnosis of composite materials by 
Infrared Thermography (IR) aided with 
in-house automatic size estimation 
algorithm
Ir Dr. Wallace Wai-Lok LAI and 
Dr. Janet Fung-Chu Sham

The Hong Kong Polytechnic University

With the support of Lian Shing Construction Co. Pte Ltd.
PASCO Pipeline Assessment and Services Company, and
Public Utilities Board, Singapore.
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Motivation

>Composite materials always 
suffer delamination due to 
material degradation and/or 
poor workmanship….how do 
we know the severity??

>We discuss three cases here:
- liner defects in sewer/drain 

pipes in Singapore
- external wall debond, and 
- water seepage
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UAV/drone system with thermo-
camera FLIR Tau 640

Ground-based IR system 
with thermo-camera 

FLIR T630

The airborne and ground-based 
thermo-camera systems
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Applications in Civil Works
Source: Thermalstare, USA
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Iowa: Bridge Deck Measurement



“Professional” judgement an ‘optimum’ 
color scale?

24.5-27.9 degC 24.7-38.4 degC24.5-26.3 degC

Estimated 
debond = 
3.6 m2

Estimated 
debond = 
1.2 m2

Estimated 
debond = ??? 
m2



Steps for IR image analysis:

Raw IR image

Spatial filtering -
convolution

Smoothing- median filtering

Lowpass filter



In-house program for image analysis

Raw Image 
Infrared Image 

(CSV)

Binary Image 
(Post-processing)

Debonds identified by post-processing 
and indicated on the raw infrared image



30
 

In-pipe Infrared 
Thermographic 
System (IPITS)

Case 1: Size estimation on sewer 
pipe composite’s diagnosis



Image analysis
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Suspected defects with certain 
size can be identified 
automatically by the IPITS 
program.

Selection of interested 
defects:
E.g. defective area > 2% of 

the overall image size will be 
identified.



Case 2: Size estimation on 
external wall debond diagnosis

8mm 15mm 17mm

5mm 5mm

Thanks to Mr. K.K. Lee 
building the wall



Case 3: Size estimation of 
water seepage diagnosis

Specify region of 
interest (ROI)

Automatic size 
estimation by 
image processing

Suspected water 
seepage areas and 
their estimated size 
are indicated 
automatically in the 
IR image

ROI



From Medical to Infrastructure Imaging: 
Are you ready?

> Why image?
> What to image?
> How to image? 
> How to make use of the images?
> Who can do it in daily basis?



Who can do it in daily basis?

> Someone claims they 
are capable? 

>Someone producing ten 
inches of job reference?

> Someone licensed and 
company accredited?



The Hong Kong Laboratory 
Accreditation Scheme (HOKLAS)

Source: Hong Kong Accreditation 
Services, Innovation Technology 
Commission, HKSARG
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Conclusion (Are you ready?)
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