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NON-DESTRUCTIVE TESTING BY A NEW GENERATION GEORADAR SYSTEM 

TESTS NON-DESTRUCTIFS PAR UN SYSTEME NOUVELLE GENERATION DE 

RADAR STRATIGRAPHIQUE

Fan-Nian Kong Tore Lasse By Harald Westerdahl
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SYNOPSIS : A short discussion of the georadar principle and application, together with a discussion of the advantages of the radar system using frequency 

synthesised signals, is presented in this paper. Case studies of non-destructive testing: of Cathedral stone pillars, of the stone quality in a natural stone quarry 

and of asphalt layer thickness show that the NGI georadar is suitable for these applications.

BACKGROUND

The use of electromagnetic waves to detect targets in sub-surface media has 

been an attractive concept for many decades. The advantages of using elec

tromagnetic waves are that a repetitive, coherent EM (electromagnetic) wave 

signal with a desired resolution can be easily generated, and the radiation 

mechanism is relatively better understood. The EM wave method is an 

effective method when working with low attenuation media, such as ice, 

sand, crude oil, rock, fresh water, etc., and somewhat less effective when 

working with high attenuation media such as clay, salt water, etc.

Extended research on georadar may be considered to have started in the late 

1960s when the theoretical developments in transient EM fields and the 

technical developments in electronics and data equipment added new impetus 

to the development of georadar techniques. Since then, many commercial 

products have appeared on the market, among which the following products 

are the most important ones:

- SIR system (Geophysical Survey System Inc., USA)

- EKKO system (Sensors and Software, Canada)

- RAMAC system developed at the Swedish Geological Company (SGAB/- 

ABEM), etc.

In Norway, PFM (Environmental Surveillance Technology Programme, 

NTNF) has also developed a georadar system. This radar system uses 

frequency synthesized signals rather than impulse signals which are what 

most of the commercial systems use.

At the beginning of 1989, NGI started a project to continue the technical 

development of the PFM system, and to develop georadar for application 

in environmental and geotechnical areas. With three years of richly varied 

experience, and also with the technical development of the radar system, 

NGI is now an active centre in Norway in the area of georadar for technical 

geology.

The exploration of new areas of application has always been a main goal of 

the NGI georadar project. Since June 1989, over 80 consultancy jobs have 

been performed by NGI using georadar. Some of the case studies con

cerning ground investigation have been published elsewhere (see Refer

ences). In this article, we shall present test results from the non-destructive 

test investigations.

GEORADAR PRINCIPLE

Figure 1 shows the principle of using radar to detect a sub-surface target. 

The radar shown in the figure consists of the following main units: 

transmitter, receiver, antennas (transmitting antenna and receiving antenna) 

and data acquisition computer.

Fig. 1. Radar reflection measurement

The electromagnetic wave, generated by the transmitter and radiated by the 

transmitting antenna, propagates in the sub-surface medium. When the 

wave hits the target surface the target interface will reflect the wave which 

can be received by the receiving antenna and the receiver. The ground 

surface reflection can be considered as the time origin, and measuring the
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time delay between the ground reflection and the target reflection thus gives 

the depth D of the target to the ground surface:

D = - i t K  (1)
2

where V is the electromagnetic wave speed in the medium concerned, and 

A t  is the travelling time.

In using georadar, the main difficulty arises from the fact that the medium 

may strongly attenuate the EM wave. Table 1 shows the EM wave 

behaviour in common ground material. Georadar can detect sub-surface 

features at distances of several metres to several tens of metres in low 

attenuation material such as sand, gravel, rock and fresh water. The 

distance may decrease to a few metres in high attenuation materials such as 

clay, etc. With these detection distances in mind, georadar is rapidly 

becoming an important tool, not only for geotechnical investigations, but 

also for environmental and archaeological investigations, etc.

Table 1. Attenuation and detection distance in material at 100 MHz

Material
Attenuation

(dB/m)

Wave Speed 

(cm/ns)

Detection

Distance

(m)

Fresh water 0.1 3.3 100m

Sea water 1000 3.3 0.1m

Dry sand 0.01 15 100m

Gravel 0.02 14 50m

Saturated sand 0.03-0.3 6 30m

Limestone 0.4-1 12 20m

Shales 1-100 9 < 10m

Silts 1-100 7 <  10m

Clays 1-300 6 < 10m

Granite 0 .01-1 12 50m

Dry salt 0.01-1 13 50m

Ice 0.01 16 100m

THE NGI SYSTEM AND ITS APPLICATIONS 

IN NON-DESTRUCTIVE TESTING

The radar system developed at NGI uses f-s (frequency sweeping) signals. 

The choice of this kind of radar signal is based on the following consider

ations:

- Easy to modify radar signal bandwidth with software - in order to better 

match the site ground conditions. Since the signal bandwidth determines 

the detection resolution, this feature is important in practice.

- In the case of f-s signals, the weak echo information is super-imposed on 

the strong coupling signal which is relatively stable during the test. 

Hence the requirement for the receiver dynamic range is less critical 

when using an f-s signal. This advantage is important when an analog 

optical link is used to replace a cable. The dynamic range of an analog 

optical link is limited, about 30 dB.

- There are good quality commercial products (e.g., HP network analyser) 

which can be chosen as the f-s signal transmitter and receiver with a wide 

f-s range and low receiver noise.

The receiver in a network analyser uses band-pass filters to measure each 

frequency sample of the f-s signal. Since the bandwidth of the band-pass 

filter can be very narrow (e.g., 30 Hz), the receiver noise level can also be 

very low. The receiver working in the time domain is similar to that used 

in a sampling oscilloscope and uses "stacking" to reduce the thermal noise. 

According to the results of tests for both network analyser and the sampling 

oscilloscope, we feel that the method which uses narrow bandwidth filters 

is more efficient in the reduction of receiver thermal noise than the method 

which uses*stacking.

The NGI radar design consideration and the detailed technical specifications 

can be found in By et al., 1992a.

n * .  2. Hamar (Norway) Cathedral Ruin 

Cathedral Stone Pillar Check

Hamar Cathedral ruin (Figure 2) is an important archaeological site in 

Norway. The purpose of the test was to check the present state of the stone 

quality of the Cathedral’s pillars. The pillars consist of pieces of stone. 

Figure 3 is a photo of a broken pillar section.

Fig. 3. Example of pillar structure

The frequency bandwidth of the radar signal used for this test was 800 MHz

- 3000 MHz. The centre frequency corresponds to a wavelength of 5 cm 

in stone material. A pair of horn antennas (dimension 5 cm x  10 cm) 

working at that frequency bandwidth were used for the test. The results 

given below were for the top section of the left side pillar.

Tomography method was used for the test, the principle of which is very 

similar to the CT (Computer Tomography) technique for medical diagnosis.
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The test’s layout is shown in Figure 4. Note that for one of the transmitter 

u tenna positions (Position T J, 25 measurements are made for receiver 

antenna positions located along the opposite side half circle. The wave rays 

from the transmitter at T0 to the respective receiver positions are shown in 

the figure. Nine transmitter positions (To'Ti) were chosen for the test, and 

a total of 225 measurements were made for that pillar section. The 225 

wave rays give a good coverage of the section area. The spacing between 

receiver positions was 10 cm and between transmitter positions was 30 cm.

The radar system measures the magnitude of each wave received. By using 

the tomographic inversion technique based on the magnitudes measured, a 

tomography image showing the attenuation distribution was obtained and is 

shown in Figure 5. In the figure, the darker the colour is, the more the 

area attenuates the electromagnetic wave. Since homogeneous stone 

material does not attenuate much of the wave energy, the darker areas 

represent the areas with filling material, gaps, slots and damaged stone, etc. 

Notice that the figure shows the pillar section tested is composed of five 

stone pieces. There are four damaged areas, among which the damage in 

stone 4 is most serious.

o Receiver position 

Fig. 4. Tomographic Test Layout

E,

♦ Transmitter position -S

Fig. 7.

Stone Quarry Quality Check

Many stone quarries have a low recovery of marketable block sizes. Rock 

waste can exceed 80%, giving rise to a substantial increase in production 

costs as well as creating a serious environmental problem. A rock waste 

reduction in the range of 1 to 5% can improve quarry economy quite a bit. 

A geophysical method which can predict the quality of the stone to be 

quarried before production starts is needed.

Georadar profiling to detect cracks has proven effective in field tests at a 

quarry near Larvik, Norway. Figure 6 shows a photo of one of the test 

sites and Figure 7 shows the reflected signal waveforms: note the reflection 

from the main crack which goes from 1.5m depth at one end to about 4m 

depth at thé other end. Many other cracks, which are not visible in the
l ig. 5. Pornographic image of section tested photo, have been located by radar detection.

Damage area Damage area

Transm itter 

position T0

Joint between  

stones

Damage area

Transm itter 

position T„

Damage

area

Fig. 6. Larvik Quarry, test site

Distance (0.5mAinit)

Test result from Larvik Quarry
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Fig. 8. Asphalt test model at NGl

Asphalt Thickness Check

An asphalt test model (Figure 8) was built at NGI in order to determine the 

ability of georadar to detect changes in road asphalt thickness. The model 

was 4m long and the asphalt thickness ranged from 25 cm to 5 cm. The 

result of the test is shown in Figure 9, and the reflection from the asphalt- 

ground interface is clearly visible. In Figure 9, the horizontal axis 

(0 .2m/unit) is the distance along the asphalt top surface and the asphalt top 

surface is at "10  cm depth"

The NGI radar system can detect short distance reflections such as the 5 cm 

asphalt layer as well as long distance targets of some tens of metres of rock 

(Westerdahl, et al., 1992) or ground (Kong, et al., 1992b).

Fig. 9. Asphalt thickness test result
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