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ABSTRACT 
 
The application of GPR (Ground-Penetrating Radar) under NDT (Non-Destructive Testing) is 
very extensive. Many research literatures have indicated the importance of pipe detecting and 
the value of  i ts application. Before excavation for maintenance of  underground piping, i t i s 
necessary to understand the various s ite problems on t opography and surface materials (e.g. 
position (depth and displacement) and size of other piping, as well as manholes); otherwise, 
severe damage w ill b e generated f rom m istaken e xcavation of  ot her p iping. T he s everity 
might e ven affect th e c orporate ima ge and living r esources s uch as electricity, 
telecommunication and hydrology. This study uses GPR under NDT as a tool to discuss the 
cutting position of underground pipeline through a practical on-site example. After an actual 
detect on three sections using ground-penetrating radar, this s tudy ve rified that there i s one  
underground pipe cut off in the region. The pipeline is approximately 10 cm in diameter at a 
depth of about 0.9 m from ground surface. With such a result, it can be concluded that GPR is 
an effective detecting tool and as such can be used for future reference in research and work 
requirements. 
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INTRODUCTION 
 
The As Taiwan has an extensive amount of  underground piping, difficulties and r isks often 
arise i n t he c ommencement of  unde rground e xcavation w ork w hen t he c orrect pos ition of  
buried pi ping ha s not  be en c onfirmed. T he c onventional m ethod of  ope n e xcavation i s not  
economical and it impacts negatively on traffic. Furthermore, mistaken excavation or damage 
to other piping generates unnecessary cost and inconvenience to the public. In view of this, if 
the NDT-GPR capable of fast detection can be used and incorporated with relevant data for 
further d etermination, the di stribution s tatus of  u nderground pi ping can b e c ontrolled m ore 
precisely and cost estimates can be surely reduced. 
This a rticle a pplied t he GPR a dvantages of  fast t esting, hi gh r esolution a nd N DT f or c ase 
discussion on the position of cut underground piping. After excavation, the existence of a cut 
piping was verified in the target area. 
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Principles of GPR 
 
The GPR applies the principle of wave reflection that generates 10MHz to 2Gz of wave (radar 
wave) for duration of nano-second (ns) via a power discharge coil of several volts. The wave 
is penetrated into underground or building structures and is reflected to the ground surface via 
an unde rground s tratum i nterface of  a di fferent electromagnetism. T here a  hi ghly s ensitive 
antenna r eceives pa rtial s ignals and  automatically s tores the m. The r ecording time  is  
determined according to the detection of the target for a minimum of 1 ns and a maximum of 
32767 ns. After general processes such as compensation for declined amplitude and filter plus 
special pr ocesses i ncluding Velocity analysis, Deconvolution a nd Migration, the da ta 
recorded generates a  d ouble w ave s ection a nd t his i s us ed t o pl ot t he pr ofile of  t he 
underground stratum and detection of artificial objects buried underground. 
Figure 1 is the “Illustration of GPR survey”; among it, Tx represents the transmission antenna 
and Rx the receiver antenna. While moving along ground surface, the GPR transmits a wave 
to penetrate t he s tratum t o reach the i nterface below ground surface. The r eflected wave 
generated is p icked up  b y reception a ntenna when i t r eturns t o ground s urface, which 
produces the following image and shape of the interface. 
The S IR-3000 m achine (Figure 2)  a nd 400M Hz a ntenna ( Figure 3)  w ere us ed a s t he G PR 
equipment in the case. 
 

 
Figure 1. Illustration of GPR survey 
 

          
Figure 2. GSSI SIR-3000 machine                     Figure 3. 400MHz antenna 
 
Literature Review 
 
The a pplication of  G PR i n t he e ngineering i ndustry ha s be en ve ry e xtensive. M any e xpert 
studies a nd s cholarly di scussions e xist on detects of  unde rground pi ping. R esults of  e arly 
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researches made by Kovas (1991) [1] and Mellet (1992) [2], were positive in allocating the 
location of underground piping with GPR. Tong (1993) [3] used GPR to detect piping buried 
underground and the result indicated that the piping would generate a reflection image of an 
inverted “V” under the GPR scan and the underground cable would also generate a diffraction 
of a s imilar s hape. Zeng and Mcmechan (1997) [ 4] us ed t he G PR c haracteristics f or va lue 
simulation and migration analysis of  pi ping. The r esult was able t o indicate t he s ize of  t he 
pipe’s diameter. Lo (1998) [5] applied GPR for a s tudy of  piping and s tratum investigation 
and s ignificant e ffects were obt ained f rom t he results. C huang (2000) [ 6] a pplied the s tep 
geology r adar i n both s imulation and s ite t esting to de tect obj ects bur ied underground. The 
ability o f geology radar for piping detection was excellent, but  s ince the effect of  de tection 
was i nfluenced s ignificantly b y attenuation, pi ping m aterial and  s ize of  pi pe di ameter, 
detection and interpretation would be difficult if the geological status on s ite was not known. 
Hsu (2003) [7] used GPR to detect the correct location of underground piping and performed 
simulated tests according to the principle. From there, a set of correct concepts and principles 
of de termination f or G PR a pplication w as e stablished. O ver r ecent years, i t ha s be en v ery 
popular to apply GPR for de tecting the location and material of  underground piping. Wang 
(2006) [8] combined GPR with an artificial neural ne twork to identify t ype of  underground 
piping. T he obj ective of  s uch a s tudy w as t o establish t he m echanism f or de termining an 
artificial neural ne twork, so t hat t he r adar s ignal of  underground piping could be  i dentified 
effectively. Results obtained from the study by Chang (2007) [9] indicated that by using the 
high resolution characteristic of high frequency GPR with testing and analysis to understand 
the r adar wave, t he analysis a nd de termination f or obj ects t o be  t ested could be  c ontrolled 
further a fter i mprovement. Wu a nd C hang (2007) [ 10] us ed GPR to  te st the  s tatus of  r oad 
base. The radar test sections after data processing via reflection of GPR wave were compared, 
discussed and analyzed, and  research results were expected to assist with the interpretation 
of underground piping. 
 
Data Collection 
 
The site was located on Zhongzheng West Road, Zhubei City, Hsinchu County (Figure 4). At 
specified sections of road construction, the position of old cut pipe was detected in order to 
understand its original location, to prevent mistaken pipe excavation, and to lay new pipe. As 
shown in Figures 5 and 6, the position and orientation of underground piping for the area was 
estimated first. After setting out three lines using the GPR method, the correct header position 
for the cut pipe could be interpreted via the reflection signal of the radar wave. 
 

 
Figure 4. Illustration of GPR Lines 
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Figure 5. Detecting position on site 
 

 
Figure 6. Excavation on site 
 
Analysis and Interpretation 
After ex ecuting ne cessary d ata pr ocessing ( Filter, Gain, Migration, D econvolution…) of  
original section first, the results could be observed from the sections: 

 
(1) First Line 
 

The piping w as not  
visible f rom the  G PR 
section ( Figure 7) , w hich 
indicated t hat t he pi ping 
did not  pa ss t he s pot 
tested. 
 

 
 
 
 

 
 

Figure 7. Section of GPR Line 1 
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(2) Second Line  
 

From the  G PR te st 
section, disturbance was 
found unde rground 
approximately 1m away 
from t he di splacement 
and pi ping existed a t a  
depth of  a pproximately 
0.9m ( Figure 8) , w hich 
indicated that the piping 
did pass the spot tested. 

 
 Figure 8. Section of GPR Line 2 
 
(3) Third Line 
 

From the  G PR te st 
section, di sturbance w as 
found unde rground 
approximately 5.5m  
away f rom t he 
displacement a nd pi ping 
existed at a de pth of 
approximately 0.9m  
(Figure 9) , w hich 
indicated that th e pi ping 
did pass the spot tested. 
 Figure 9. Section of GPR Line 3 

 
(4) By excavating according to the result of reading the section between the second and third 

test lines, a cup pipe was found at approximately 0.9m underground (Figure 10). 
 

 
Figure 10. Photo of excavation result 
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CONCLUSIONS  
 
The following conclusions were obtained from case results: 
 
(1)The case research verified that there was a cut pipe underground at the area. The pipe was 

10 cm in diameter and approximately 0.9 m underground. 
 
(2)For a piping test, GPR is definitely a useful engineering tool with Non-Destructive Testing, 

fast and high-resolution features. 
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