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CHAPTER 1.  INTRODUCTION 
 
 
INTRODUCTION 
 
 The use of the recently approved TL-3 F-shaped precast concrete barrier detail is often 
used in reinforced concrete bridge decks where both transverse and longitudinal reinforcing steel 
exists. The current Louisiana barrier detail (Figure 1.1 and Appendix A) has a slotted hole design 
that allows for shifting of the pin to avoid transverse reinforcement. To avoid rebar in the 
longitudinal direction, the Contractor would be required to physically shift the barrier 
transversely. Contractors often complain that the barrier and pin connection is often difficult to 
avoid conflicts with the reinforcing steel and many lack knowledge of or do not wish to use Non 
Destructive Testing (NDT) methods to locate reinforcing steel in bridge decks. 
 

 
 

Figure 1.1.  Typical Bridge Deck Pinning Detail for a Louisiana DOT Temporary  
Precast Barrier. 

 
 
BACKGROUND 
 
 Non Destructive Testing (NDT) methods are popular for routine inspection of bridge 
members. Also, thanks to new technology developments, they are becoming more economically 
feasible for bridge inspection. With the ability of new highly technical systems, some of these 
NDT techniques can be used for reinforcing steel rebar location in concrete bridge decks without 
destruction of the members being tested. 
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 Use of these techniques has the ability to minimize traffic restrictions related to field data 
collection and to improve design and asset management. They can be applied to pre- and post-
construction performance monitoring and data collection while considerably minimizing 
unwelcome delays related to highway renewal. These advanced inspection techniques can be 
expensive due to the need of having professionally trained technicians to perform the testing and 
to acquire and analyze the inspection results. Also, some of these methods require calibrated 
testing equipment (Wimsatt et al., 2009). Examples of NDT techniques that can be used for rebar 
location are Ground-Penetrating Radar (GPR) , laser ultrasonic testing, magnetic devices such as 
pachometers and magnetic imaging tools. 
 
 
OBJECTIVES / SCOPE OF RESEARCH 

 
The objective of this study was to perform a literature search to determine the current 

NDT methods available for detecting locations of the reinforcing steel in bridge decks.  Using 
NDT methods, contractors can more accurately locate the placement of the concrete barrier rails 
during construction. Each method was researched to determine equipment cost, user cost, and 
advantages/disadvantages. 
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CHAPTER 2.  REBAR LOCATOR TECHNIQUES 
 
 
 This Chapter illustrates the primary techniques the literature indicates for use to detect 
steel rebar embedded in concrete structures.  Three methods were identified: nuclear, magnetic 
and ground penetrating radar method.  For each method, principles are discussed and advantages 
and disadvantages are summarized in Table 2.1.  
 
 
NUCLEAR METHODS 
 
 Nuclear methods (also called radioactive methods) for nondestructive evaluation of 
concrete can be subdivided into two groups: radiometric method and radiographic method.  
Radiometry procedure, then, can be based on measurement of gamma rays after transmission 
directly through the concrete, or on measurement of gamma rays reflected, or backscattered, 
from within the concrete.  Radiography involves the use of the radiation passing through the test 
object to produce a “photograph” of the internal structure of the concrete.  
 
Direct Transmission Radiometry for Density 
 
 Figure 2.1 shows the principle for the direct transmission radiometry for density method: 
a radiation source is placed on one side of the concrete element to be tested, while the detector is 
placed on the opposite side. As the radiation passes through the concrete, a portion of the 
radiation is scattered by free electrons.  A change in concrete density causes a change in the 
intensity of the detected radiation.  
 

 
Figure 2.1.  Direct Transmission Radiometry with Source and Detector External to Test Object 

(ACI 228.2R-98, 1998). 
 
 
Radiography 
 
 Radiography is used to obtain a photograph of the interior of concrete.  Denser materials 
block more radiation.  Figure 2.2 shows the principle of radiometry: a radiation source is placed 
on one side of the test object to emit radiation which strikes a special photographic film on the 
opposite side of the object.  The presence of a high density material, such as reinforcement, 
would be shown on the developed film as a light area.   
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Figure 2.2.  Schematic of Radiographic Method (ACI 228.2R-98, 1998). 

 
 
MAGNETIC METHODS 
 
 Covermeters are used to locate reinforcing bars and estimate the concrete coverage. To 
monitor corrosion activity, the half-cell potential method is generally used, while information on 
rate of corrosion is obtained from linear-polarization methods. 
 
Covermeters 
 
 Covermeters are devices that are used to identify the concrete coverage of rebars.  
Commercial covermeters are divided into two classes: those based on the principle of magnetic 
reluctance, and those based on eddy currents.   
 
Eddy-current meters 
  
 Figure 2.3 shows a covermeter based on Eddy current principle.  When the coil is brought 
near a steel reinforcing bar, eddy currents are started within the surface of the bar. They induce 
an alternating secondary magnetic field that starts a secondary current in the coil.  The secondary 
current opposes the primary current.  The resulting change in voltage can be utilized for the 
detection of the steel rebar and for the measurement.  In fact, the presence of a steel bar is 
inferred by monitoring the change in current flowing through the coil. Eddy current covermeters 
depend on the electrical conductivity of the bar: they can detect both magnetic and non-magnetic 
(metallic) objects.  
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Figure 2.3.  Covermeter Based on Eddy Current Principle (ACI 228.2R-98, 1998). 

 
 
GROUND PENETRATING RADAR METHOD 
 
 Figure 2.4 shows the operating principle of the Ground Penetrating Radar (GPR) method.  
An antenna is employed to transmit short pulses of electromagnetic energy which penetrate into 
the tested material.  When the electromagnetic energy encounter an interface between materials 
that have different dielectric properties (or dielectric permittivity), part of this energy is reflected 
back to the antenna.  The reflected energy is received back by the antenna and generates a signal 
which is proportional to the amplitude of the reflected electromagnetic field.  The received signal 
contains information on what was reflected, the speed of the signal, and attenuation of the signal. 
The transmitted and reflected energy are affected by the dielectric constant and the conductivity 
of the surveyed material. An analysis of the waveforms allows determination of the depth of the 
reflecting interface, once the relative dielectric constant is known (or assumed).  The concrete 
coverage can be obtained by measuring the wave speed and travel time.   
  
 The moisture content affects the dielectric constant of the concrete.  If the moisture 
content increases, the dielectric constant of the material would also increase.  GPR is not as 
sensitive to the detection of concrete-air interfaces as other methods are (like stress-wave 
method): GPR is able to penetrate beyond a concrete-air interface and perceive features below 
such interface. 
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Figure 2.4.  Reflections of Electromagnetic Radiation Pulse at Interfaces between Materials  

with Different Relative Dielectric Constants (ACI 228.2R-98, 1998). 
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Table 2.1.  Advantages and Limitations of Non-Destructive Testing Methods for Rebar Locator  
(adapted from ACI 228.2R-98, 1998 and IAEA, 2002). 

 
NDT Method Advantages Limitations 

 Nuclear Methods 

Direct Transmission 
Radiometry  

 Portable equipment available for determination of in-place 
density 

 Minimal operator skill is required 

 Operators must be licensed 
 Available equipment limited to path lengths less than 300 mm 
 Requires access to inside of member or opposite faces 

Radiography  Provides view of the internal structure of the test object 

 Operators must be licensed and highly skilled 
 X-ray equipment is bulky and expensive 
 Difficult to identify cracks perpendicular to radiation beam 
 Gamma-ray penetration limited to 500 mm of concrete 
 Problem for health and safety both for the operatives and 

those in the vicinity as it requires long radiation exposure time 
 Areas must be isolated from public 

 Magnetic Methods 

 Covermeters 

 Able to locate reinforcing bars and other embedded metal 
objects 

 Equipment is lightweight, portable, and easy to use 
 Cover depth can be estimated 
 Misleading results can be given by the presence and 

interference of closely spaced reinforcing bars with 
magnetic properties 

 Bar diameter must be known if a true indication of cover 
is to be obtained 

 Accuracy for estimated cover depth affected by bar size and 
bar spacing 

 Bar diameters difficult to estimate with precision 
 Cannot identify presence of second layer of reinforcement 
 Ability to discern individual bars is affected by the meter 

design, cover depth, and bar spacing 
 Meters based on magnetic reluctance can detect only 

ferromagnetic objects 
 Maximum penetration is limited and depends on meter design 
 The maximum range of the instrument for practical purposes 

is about 100 mm 
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Table 2.1.  Advantages and Limitations of Non-Destructive Testing Methods for Rebar Locator  
(adapted from ACI 228.2R-98, 1998 and IAEA, 2002) (Continued). 

 
NDT Method Advantages Limitations 

 Ground Penetrating Radar 

Ground-
Penetrating 
Radar 

 Sensitive to presence of embedded metal objects 
 Ability to penetrate across concrete-air interfaces 
 Ability to locate multiple layers of reinforcement 
 Ability of locating steel rebars at deeper concrete coverage 

than with other devices such as covermeters 

 Region irradiated by antenna is limited to cone-shaped 
volume directly below antenna 

 Congested reinforcement can prevent penetration beyond the 
reinforcement 

 Cracks and delaminations are not easy to detect unless 
moisture is also present in the cracks or region of the 
delamination 

 Experienced operator required to operate equipment and 
interpret results: large amount of data obtained during scans 

 With increasing depth, low level signals from small targets 
are harder to detect due to signal attenuation 

 Relatively expensive to use  
 Sensitive to the curing time of the concrete 
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CHAPTER 3.  IDENTIFICATION OF AVAILABLE REBAR LOCATOR 
DEVICES 

 
 

After performing a detailed literature review and understanding both advantages and 
limitations of each rebar locator method, the researchers decided to focus on detecting 
covermeter and ground penetrating radar (GPR) devices available on the market.  Extensive 
research was conducted to identify manufacturers of such devices (Tables 3.1 and 3.2). 
 

Table 3.1.  Manufacturers and Models of Covermeters Devices Identified on the Market. 
 

 

Manufacturers Model
Multiscanner Pro SL
Multiscanner i320 OneStep
Multiscanner i520 OneStep
MetalliScanner m40
MetalliScanner MT 6

Milwaukee Sub-Scanner M12 Cordless Lithium-ion 
detection tool Kit 2290-21

Mini R-Meter
R-Meter MK III

CCP Fisher M-101
Profometer 5+                                               
cover meter Model S
Profometer 5+                                            
cover meter Model Scanlog
Profoscope
Profoscope+
Elcometer P100 Imp
Elcometer P120
Elcometer P150
Elcometer 331 Model B   
Elcometer 331 Model BH   
Elcometer 331 Model SH   
Elcometer 331 Model TH   
Elcometer 331 Model THD   
CM52
CM9
StructureScan Optical
StructureScan Standard
StructureScan Mini
StructureScan Mini HR
PS30 Ferrodetector
PS35 Ferrodetector
PS200 Ferroscan

GSSI

Hilti

Elcometer

Protovale

Zircon

NDT James

Proceq
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Table 3.2.  Manufacturers (and Distributors) and Models of GPR Devices  
Identified on the Market. 

 

Manufacturer U.S. Distributors Model 

Geophysical Survey Systems, 
Inc. (GSSI) - USA GSSI 

StructureScan Optical 

StructureScan Standard 

StructureScan Mini 

StructureScan Mini HR 

Hilti LIECHTENSTEIN Hilti USA PS1000 X-Scan 

Japan Radio Corporation 
(JRC) - JAPAN Proceq USA, Inc. Handy Search 

Ingegneria Dei Sistemi (IDS) 
- ITALY Olson Instruments, Inc. Aladdin System 

 
 

Once the manufacturers and the devices available on the market were identified, the 
researchers collected and compared all retrievable information on size, features and performance 
for the device available (summarized in Tables 3.3 to 3.6) 
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Table 3.3.  Sizes and Features of Covermeter Devices Identified on the Market. 
 

 
  

Manufacturers Model Dimensions Weight
Operating 

Temperature
Storage 

Temperature Water Resistance Charge Time Data Storage

Zircon

Multiscanner Pro SL 6.38" x 3.07" x 1.34"
6.5 oz. (184 g)          
w/out battery 20 to 120 deg. F   - 20 to 150 deg. F

Splash and water 
resistant, not 
waterproof

N/A N/A

Multiscanner i320 OneStep 7.25" x 3.2" x 1.4"
11 oz. (312 g)           
w/out battery 40 to 120 deg. F     14 to 140 deg. F

Splash and water 
resistant, not 
waterproof

N/A N/A

Multiscanner i520 OneStep 7.25" x 3.2" x 1.4"
9.4 oz. (262 g)           
w/out battery 40 to 120 deg. F     14 to 140 deg. F

Splash and water 
resistant, not 
waterproof

N/A N/A

MetalliScanner m40 7.5" x 5.5" x 1.1"
3.9 oz. (111 g)           
w/out battery 40 to 120 deg. F   - 20 to 150 deg. F

Splash and water 
resistant, not 
waterproof

N/A N/A

MetalliScanner MT 6 8.87" x 3.84" x 2.23"
10.1 oz. (286 g)          
w/out battery 20 to 120 deg. F   - 20 to 150 deg. F

Splash and water 
resistant, not 
waterproof

N/A N/A

Milwaukee

Sub-Scanner M12 Cordless 
Lithium-ion detection tool Kit 
2290-21

N/A N/A N/A N/A N/A 30 min N/A

NDT James

Mini R-Meter N/A 3.5 lbs (1.60 Kg) 23 to 113 deg. F N/A N/A 4 hr Store data for later 
upload via USB   

R-Meter MK III 4.88" x 9.68" x 10.63" 5.4 lbs (2.5 Kg) N/A N/A Rugged and splash 
resistant case

4-6 hr
Built in memory can store 
over 80,000 individual 
data points      

CCP

Fisher M-101 Control: 3" x 6" x 6"            
Handle: 0.75" x 23"

2.8 lbs (1.3 Kg) N/A N/A Fully waterproof 
search loop

N/A N/A
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Table 3.3.  Sizes and Features of Covermeter Devices Identified on the Market (Continued). 
 

 
  

Manufacturers Model Dimensions Weight
Operating 

Temperature
Storage 

Temperature Water Resistance Charge Time Data Storage

Proceq

Profometer 5+, Model S

Indicating Device:            
7" x 7" x 3" 
Probe:                         
4.25" x 2" x 1.12"

9.25 lbs (4.2 Kg) 
w/carrying case  
and acc. 

 -10 to 60 deg. C 
 (0 to 140 deg. F) 

N/A Yes 45h operation batteries, 30h with 
backlight on

Storage of 40,000 
individual cover values 

Profometer 5+, Model Scanlog

Indicating Device:                
7" x 7" x 3" 
Probe:                         
4.25" x 2" x 1.12" 

10 lbs (4.5 Kg)            
w/carrying case  
and acc. 

 -10 to 60 deg. C 
 (0 to 140 deg. F) 

N/A Yes 45h operation batteries, 30h with 
backlight on

Storage of 40,000 
individual cover values 

Profoscope 8" x 3.6" x 1.6" 0.73 lbs           
(0.33 Kg)

 -10 to 60 deg. C 
 (0 to 140 deg. F) 

N/A Yes - IP54 
Protection Class 

> 50h backlight off, > 15h 
backlight on

N/A

Profoscope+ 8" x 3.6" x 1.6" 0.73 lbs            
(0.33 Kg)

 -10 to 60 deg. C 
 (0 to 140 deg. F) 

N/A Yes - IP54 
Protection Class 

> 50h backlight off, > 15h 
backlight on

Storage of 49,500 
individual cover values 

Elcometer

Elcometer P100 Imp N/A N/A N/A N/A
Unaffected by 
moisture and 
temperature changes

N/A N/A

Elcometer P120
Length: 515 mm;                  
Shaft diameter: 16 mm

0.29 lbs             
(0.13 Kg) N/A N/A N/A N/A N/A

Elcometer P150 N/A N/A N/A N/A N/A N/A N/A

Elcometer 331 Model B   9" x 5.1" x 4.9"   3.4 lbs             
(1.54 Kg)

N/A up to 122 deg. F Rugged waterproof 
case

32 hr, 20 hr if backlight is on; 
rechargeable in 4 hr

N/A

Elcometer 331 Model BH   9" x 5.1" x 4.9"   3.4 lbs             
(1.54 Kg)

N/A up to 122 deg. F Rugged waterproof 
case

32 hr, 20 hr if backlight is on; 
rechargeable in 4 hr

N/A

Elcometer 331 Model SH   9" x 5.1" x 4.9"   3.4 lbs             
(1.54 Kg)

N/A up to 122 deg. F Rugged waterproof 
case

32 hr, 20 hr if backlight is on; 
rechargeable in 4 hr

N/A

Elcometer 331 Model TH   9" x 5.1" x 4.9"   3.4 lbs             
(1.54 Kg)

N/A up to 122 deg. F Rugged waterproof 
case

32 hr, 20 hr if backlight is on; 
rechargeable in 4 hr

N/A

Elcometer 331 Model THD   9" x 5.1" x 4.9"   3.4 lbs             
(1.54 Kg)

N/A up to 122 deg. F Rugged waterproof 
case

32 hr, 20 hr if backlight is on; 
rechargeable in 4 hr

N/A
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Table 3.3.  Sizes and Features of Covermeter Devices Identified on the Market (Continued). 
 

 
 
  

Manufacturers Model Dimensions Weight
Operating 

Temperature
Storage 

Temperature Water Resistance Charge Time Data Storage

Protovale

CM52 N/A 2 kg N/A N/A N/A 13 hr minimum backlight off                     
14-16 hr recharge

N/A

CM9 N/A 2 kg N/A N/A N/A
8--12 hr min backlight off;                          
6--9 hr min backlight on;                
14-16 hr recharge

N/A

Hilti

PS30 Ferrodetector 9" x 4" x 1.75"   15 oz (420 g) 5 to 122 deg F   -15 to 150 deg F Yes - IP54 
Protection Class 

10 hr battery life N/A

PS35 Ferrodetector 9" x 4" x 1.75"   15 oz (420 g) 5 to 122 deg F   -15 to 150 deg F Yes - IP54 
Protection Class 

8 hr battery life N/A

PS200 Ferroscan

Monitor:                                
10.4" x 2.2" x 6"    
Scanner:                               
10.3" x 5.2" x 5.2"  

3.1 lb Monitor                   
+ 3.1 lb scanner

14 to 122 deg F   -5 to 140 deg F Yes - IP54 
Protection Class 

8 hr battery life
9 Imagescans + up to 30 
m of recorded Quickscan 
(max 10 scans) 
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Table 3.4.  Performances of Covermeter Devices Identified on the Market. 
 

 
  

Manufacturers Model Method
Orientation 
Detection Depth Position Accuracy

Diameter 
Measurements Notes

Zircon

Multiscanner Pro SL N/A N/A Up to 3" (76 mm) deep Typically within 1/2" (13 mm) for 
metal studs

N/A N/A

Multiscanner i320 
OneStep

N/A N/A Up to 3" (76 mm) deep rebar                                   
Up to 1.5" (38 mm) deep copper

Typically within 1/2" (13 mm) for 
metal studs using the dual scan and 
mark procedure

N/A N/A

Multiscanner i520 
OneStep N/A N/A

Up to 3" (76 mm) deep rebar                                   
Up to 1.5" (38 mm) deep copper

Typically within 1/2" (13 mm) for 
metal studs using the dual scan and 
mark procedure

N/A N/A

MetalliScanner m40 N/A N/A
Up to 4" (102 mm) deep 1/2" bar                                                                   
Up to 2" (51 mm) deep 1/2" 
copper

N/A N/A N/A

MetalliScanner MT 
6 N/A N/A

Up to 6" (152 mm) deep ferrous 
and non-ferrous metal ± 1" (25 
mm)

Center of #4 rebar or 1/2" (13 mm) 
copper pipe at a minimum grid spacing 
of 6" (152 mm) typically within 1/2" 
(13 mm)

N/A

•  automatically differentiates between magnetic 
metal such as rebar and non-magnetic metal 
such as copper pipe;                                            
•  shows the depth of metal from the surface in 
both inches and centimeters;                                              
•  easy-to-read LCD screen pinpoints the 
location of metal objects to the nearest 0.5" (13 
mm) and depth to the nearest in (25 mm)

Milwaukee

Sub-Scanner M12 
Cordless Lithium-
ion detection tool 
Kit 2290-21

N/A N/A
Plastic: 3"                                          
Non-Ferrous Metal: 6"              
Ferrous Metal: 6"

Non-Ferrous Metal: 1/2"                                         
Ferrous Metal: 1/2"                          
Position Accuracy Depth: 1/2"                        

N/A •  Displays metal depth;                                                           
•  Auto calibration                                       

NDT James

Mini R-Meter
Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes Up to 10" (No. 11 Bar) 250 mm 
(36 mm Bar)

N/A N/A
•  Capable of locating non-ferrous metals                                                                                                          
•  Bar size calibration: 3/8" to 1-3/8"                                   
•  Single sensor for all depth ranges

R-Meter MK III
Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

N/A Up to 8" (200 mm) deep N/A Determine bar size up 
to 4.5" (115 mm) deep     

•  Capable of locating non-ferrous metals                                                                                              
•  Single sensor for all depth ranges    
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Table 3.4.  Performances of Covermeter Devices Identified on the Market (Continued). 
 

 
  

Manufacturers Model Method
Orientation 
Detection Depth Position Accuracy

Diameter 
Measurements Notes

CCP

Fisher M-101 N/A N/A
Typically 8-9" depth for 1/2" 
diameter rebar

Accuracy to 1/4" of the center line of 
the rebar N/A •  Sensitivity adjustment range: 12:1

Proceq

Profometer 5+                                 
Model S

Electromagnetic - pulse 
induction Eddy Current 
method 

Yes
Up to 3.94" (100 mm) small range                                             
Up to 7.28" (185 mm) large range 
for larger size bars

 Cover Accuarcy is +/- 2 mm or 5% 
depending on bar depth/size 

Diameter measurement 
up to a cover of 70 mm 
(2.76 in)

Bar location, direction, cover depth & bar 
diameter estimations within range

Profometer 5+                                           
Model Scanlog

Electromagnetic - pulse 
induction Eddy Current 
method 

Yes
Up to 3.94" (100 mm) small range                                             
Up to 7.28" (185 mm) large range 
for larger size bars

 Cover Accuarcy is +/- 2 mm or 5% 
depending on bar depth/size 

Diameter measurement 
up to a cover of 70 mm 
(2.76 in) 

•  2-D display of rebar layout                            
•  2-D display and mapping of concrete cover 
values

Profoscope
Electromagnetic - pulse 
induction Eddy Current 
method 

Yes
Up to 3.94" (100 mm) small range                                             
Up to 7.28" (185 mm) large range 
for larger size bars

 Cover Accuarcy is  +/- 2 mm or 5% 
depending on bar depth/size 

Diameter measurement 
up to a cover of 70 mm 
(2.76")

•  Visual indication of rebars in close proximity                                                                       
•  Regional settings (metric, imperial)                                        
•  Identification of mid-point between rebars                                                                                      
•  Start-up test kit allows user to familiarize 
himself with functions

Profoscope+
Electromagnetic - pulse 
induction Eddy Current 
method 

Yes
Up to 3.94" (100 mm) small range                                             
Up to 7.28" (185 mm) large range 
for larger size bars

  Cover Accuarcy is +/- 2 mm or 5% 
depending on bar depth/size 

Diameter measurement 
up to a cover of 70 mm 
(2.76")

•  Visual indication of rebars in close proximity                                                      
•  Regional settings (metric, imperial)                                   
•  Identification of mid-point between rebars                                                                                                 
•  Start-up test kit allows user to familiarize 
himself with functions                                                            
•  Memory function for data acquisition
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Table 3.4.  Performances of Covermeter Devices Identified on the Market (Continued). 
 

 
 

Manufacturers Model Method
Orientation 
Detection Depth Position Accuracy

Diameter 
Measurements Notes

Elcometer

Elcometer P100 
Imp

Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes Up to 4.3" (110 mm) N/A
Diameter measurement 
up to 1.25" (32 mm)

•  Mild steel and stainless steel galvanised wall 
ties with the optional Search Coil

Elcometer P120
Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes Up to 6.3" (160 mm) N/A
Diameter measurement 
up to 1.25" (32 mm)

•  Resolution of parallel bars is 5.90" pitch at up 
to 3.35" (150 mm pitch at up to 85 mm)                                                                                  
•  Reinforcement bar 20 mm (0.78") diameter 
to the side of the probe is 2.16" (55mm) and in 
front of the probe is 2.95" (75mm)

Elcometer P150
Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

N/A N/A N/A N/A N/A

Elcometer 331 
Model B   

Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes

• Narrow Pitch Search Head:                  
from 8 mm to 80 mm for 40-mm 
bar size   from 5 mm to 60 mm for 
8-mm bar size                                                             
• Standard Search Head:                         
from 15 mm to 95 mm for 40-mm 
bar size  from 8 mm to 70 mm for 
8-mm bar size                                                                     
• Deep Cover Search Head:                    
from 35 mm to 180 mm for 40-mm 
bar size from 25 mm to 160 mm 
for 8-mm bar size                                                                       
• Borehole Probe:                                           
reinforcement bar up to 60 mm

N/A

• Metric: 5-50 bar diam 
in 21 values                      
• US Bar Numbers: #2 - 
#18 bar sizes in 18 
values                                                           
• ASTM/Canadian: 10 - 
55M bar diam in 8 
values                                                      
• Japanese: 6 - 57mm 
bar diam in 16 values

•   Narrow Head: measures the cover thickness 
when the gaps between each of the rebar are 
close together                                                  
•  Standard Head: designed for most of the 
measurement requirements                                                   
•  Deep Cover Head: accurately measures 
rebars that are deep within the structure                                                        
•  Borehole Probe:  locate multiple layers of 
rebar lying deep within the concrete

Elcometer 331 
Model BH   

Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes

• Narrow Pitch Search Head:                  
from 8 mm to 80 mm for 40-mm 
bar size   from 5 mm to 60 mm for 
8-mm bar size                                                                   
• Standard Search Head:                         
from 15 mm to 95 mm for 40-mm 
bar size  from 8 mm to 70 mm for 
8-mm bar size                                                                             
• Deep Cover Search Head:                    
from 35 mm to 180 mm for 40-mm 
bar size from 25 mm to 160 mm 
for 8-mm bar size                                                                 
• Borehole Probe:                                           
reinforcement bar up to 60 mm

N/A

• Metric: 5-50 bar diam 
in 21 values                      
• US Bar Numbers: #2 - 
#18 bar sizes in 18 
values                                                           
• ASTM/Canadian: 10 - 
55M bar diam in 8 
values                                                      
• Japanese: 6 - 57mm 
bar diam in 16 values

•   Narrow Head: measures the cover thickness 
when the gaps between each of the rebar are 
close together                                                                              
•  Standard Head: designed for most of the 
measurement requirements                                          
•  Deep Cover Head: accurately measures 
rebars that are deep within the structure                                                        
•  Borehole Probe:  locate multiple layers of 
rebar lying deep within the concrete
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Table 3.4.  Performances of Covermeter Devices Identified on the Market (Continued). 
 

 

Manufacturers Model Method
Orientation 
Detection Depth Position Accuracy

Diameter 
Measurements Notes

Elcometer

Elcometer 331 
Model SH   

Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes

• Narrow Pitch Search Head:                  
from 8 mm to 80 mm for 40-mm 
bar size   from 5 mm to 60 mm for 
8-mm bar size                                                                        
• Standard Search Head:                         
from 15 mm to 95 mm for 40-mm 
bar size  from 8 mm to 70 mm for 
8-mm bar size                                                                                      
• Deep Cover Search Head:                    
from 35 mm to 180 mm for 40-mm 
bar size from 25 mm to 160 mm 
for 8-mm bar size                                                                          
• Borehole Probe:                                           
reinforcement bar up to 60 mm

N/A

• Metric: 5-50 bar diam 
in 21 values                      
• US Bar Numbers: #2 - 
#18 bar sizes in 18 
values                                                           
• ASTM/Canadian: 10 - 
55M bar diam in 8 
values                                                      
• Japanese: 6 - 57mm 
bar diam in 16 values

•   Narrow Head: measures the cover thickness 
when the gaps between each of the rebar are 
close together                                                                        
•  Standard Head: designed for most of the 
measurement requirements                                              
•  Deep Cover Head: accurately measures 
rebars that are deep within the structure                                                        
•  Borehole Probe:  locate multiple layers of 
rebar lying deep within the concrete

Elcometer 331 
Model TH   

Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes

• Narrow Pitch Search Head:                  
from 8 mm to 80 mm for 40-mm 
bar size   from 5 mm to 60 mm for 
8-mm bar size                                                                        
• Standard Search Head:                         
from 15 mm to 95 mm for 40-mm 
bar size  from 8 mm to 70 mm for 
8-mm bar size                                                                                      
• Deep Cover Search Head:                    
from 35 mm to 180 mm for 40-mm 
bar size from 25 mm to 160 mm 
for 8-mm bar size                                                                          
• Borehole Probe:                                           
reinforcement bar up to 60 mm

N/A

• Metric: 5-50 bar diam 
in 21 values                      
• US Bar Numbers: #2 - 
#18 bar sizes in 18 
values                                                           
• ASTM/Canadian: 10 - 
55M bar diam in 8 
values                                                      
• Japanese: 6 - 57mm 
bar diam in 16 values

•   Narrow Head: measures the cover thickness 
when the gaps between each of the rebar are 
close together                                                                               
•  Standard Head: designed for most of the 
measurement requirements                                      
•  Deep Cover Head: accurately measures 
rebars that are deep within the structure                                                        
•  Borehole Probe:  locate multiple layers of 
rebar lying deep within the concrete

Elcometer 331 
Model THD   

Magnetic and Electrical:  
Covermeter:  Eddy-Current 
Meter

Yes

• Narrow Pitch Search Head:                  
from 8 mm to 80 mm for 40-mm 
bar size   from 5 mm to 60 mm for 
8-mm bar size                                                                        
• Standard Search Head:                         
from 15 mm to 95 mm for 40-mm 
bar size  from 8 mm to 70 mm for 
8-mm bar size                                                                                      
• Deep Cover Search Head:                    
from 35 mm to 180 mm for 40-mm 
bar size from 25 mm to 160 mm 
for 8-mm bar size                                                                          
• Borehole Probe:                                           
reinforcement bar up to 60 mm

N/A

• Metric: 5-50 bar diam 
in 21 values                      
• US Bar Numbers: #2 - 
#18 bar sizes in 18 
values                                                           
• ASTM/Canadian: 10 - 
55M bar diam in 8 
values                                                      
• Japanese: 6 - 57mm 
bar diam in 16 values

•   Narrow Head: measures the cover thickness 
when the gaps between each of the rebar are 
close together                                                                                            
•  Standard Head: designed for most of the 
measurement requirements                                            
•  Deep Cover Head: accurately measures 
rebars that are deep within the structure                                                        
•  Borehole Probe:  locate multiple layers of 
rebar lying deep within the concrete
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Table 3.4.  Performances of Covermeter Devices Identified on the Market (Continued). 
 

 
 
  

Manufacturers Model Method
Orientation 
Detection Depth Position Accuracy

Diameter 
Measurements Notes

Protovale

CM52
Magnetic and Electrical:  
Covermeter N/A

• Standard Head Cover Range for 
40-mm diam bar is 25--100 mm                                                                  
• Standard Head Cover Range for 
8-mm diam bar is 25--100 mm                                                           
• Midget Head Cover Range is 6--
50 mm      

• Standard Head up to 65 mm is ± 2 
mm                                                                                   
• Standard Head 70 mm and over is ± 
3 mm                                                                           
• Midget Head is ± 1 mm from 10mm 
to 30mm    

From 5 to 40 mm diam 
(11 values)

•  Measure up to less than 60 mm separation 
between bars

CM9 Magnetic and Electrical:  
Covermeter

N/A

• Standard Head Cover Range for 
40-mm diam bar is 15--95 mm                                                                           
• Standard Head Cover Range for 
8-mm diam bar is 5--70 mm                             
• Large Head Cover Range for 40-
mm diam bar is 180 mm                                        
• Large Head Cover Range for 8-
mm diam bar is 20 mm

• Standard Head up to 65 mm is ± 2 
mm max                                                                       
• Standard Head 70 mm and over is ± 
5%

From 5 to 50 mm diam 
(21 values)

•  Measure up to less than 60 mm separation 
between bars

Hilti

PS30 Ferrodetector Magnetic and Electrical Point Detection 4-3/4" at > #3 rebar diam (120 
mm)

3/8 in (± 10 mm) N/A N/A

PS35 Ferrodetector Magnetic and Electrical Point Detection
4-3/4" at > #3 rebar diam (120 
mm) 3/8 in (± 10 mm) N/A N/A

PS200 Ferroscan Magnetic and Electrical Up to 45 deg.

Max depth for determining depth 
of coverage is 5.9" (at #11 rebar 
diam)  Max depth for determining 
rebar diameter is 2.4"

Depth of coverage is ± 10% typical 
when the ratio of spacing to depth of 
coverage ≥ 2:1

Yes N/A
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Table 3.5.  Sizes and Features of GPR Devices Identified on the Market. 
 

 
  

Manufacturer Model Dimensions Weight
Operating 

Temperature Water Resistance Battery Life Data Storage

StructureScan Optical

SIR-3000:
1.4" x 8.7" x 4.1"
Antenna:
1.5" x 3.9" x 6.5"

SIR-3000: 9 lbs
Antenna: 4 lbs 50 to 104°  F Yes 3 hrs 2 GB internal memory

StructureScan Standard

SIR-3000:
1.4" x 8.7" x 4.1"
Antenna:
1.5" x 3.9" x 6.5"

SIR-3000: 9 lbs
Antenna: 4 lbs

50 to 104°  F Yes 3 hrs 2 GB internal memory

StructureScan Mini 6" x 7" x 9" 3.3 lbs 50 to 104°  F Yes 3 hrs 1 GB internal
2 GB SD card

StructureScan Mini HR 6" x 7" x 9" 3.3 lbs 50 to 104°  F Yes 3 hrs 1 GB internal
2 GB SD card

Hilti Corporation                              
(Distributed in the 
US by Hilti USA)

PS1000 X-Scan 12.5" x 5.6" x 7.5" 5.4 lbs 5 to 122°  F Yes - IP54 4 hrs N/A

JRC                    
(Distributed in the 

US by Proceq)
Handy Search 5.86" x 5.78" x 8.50" 2.6 lbs 32 to 122°  F Splashproof 1.5 hrs

~ 200 passes (49.2 ft) 
search data saved in 
binary format when using 
1-GB memory

IDS                      
(Distributed in the 

US by Olson 
Instruments, Inc.)

Aladdin System 4.8" x 4.8" x 7.25" 4.4 lbs
Panasonic 
Toughbook -10 to 
+140 degrees F

IP65 - Ingress Protection 
total protection against 
dust and protection against 
low pressure water jets 
from any direction - limited 
ingress permitted

8 hrs Aladdin, 7 
hours Panasonic 
Toughbook 
Notebook PC

40 GB plus depending 
on harddrive of 
Toughbook

GSSI
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Table 3.6.  Performances of GPR Devices Identified on the Market. 
 

 

Manufacturer Model Orientation 
Detection

Depth Position Accuracy Diameter 
Measurements

Notes

StructureScan 
Optical

Parallel & 
Perpendicular

1000 MHz Antenna: to 24"
1600 MHz antenna: to 16"
2600 MHz HR antenna: to 12"
2000 MHz Palm Antenna: to 12"

Depth resolution: 0.04" (1mm)
Pitch: 0.03" (0.8mm) No N/A

StructureScan 
Standard

Parallel & 
Perpendicular

1000 MHz Antenna: to 24"
1600 MHz antenna: to 16"
2600 MHz HR antenna: to 12"
2000 MHz Palm Antenna: to 12"

Depth resolution: 0.04" (1mm)
Pitch: 0.03" (0.8mm)

No N/A

StructureScan 
Mini

Parallel & 
Perpendicular

1600 MHz General Purpose 
Antenna: to 20"                          

Depth resolution: 0.04" (1mm)
Pitch: 0.03" (0.8mm)

No N/A

StructureScan 
Mini HR

Parallel & 
Perpendicular

2600 MHz High Resolution Antenna: 
to 16"

Depth resolution: 0.04" (1mm)
Pitch: 0.03" (0.8mm)

No N/A

Hilti Corporation                              
(Distributed in the 
US by Hilti USA)

PS1000 X-Scan Up to 45 deg.  12"
Localization accuracy: ± 0.5";                                                                      
Accuracy of depth indication: <4": 
± 0.5";  >4": ± 15%"

N/A N/A

JRC                    
(Distributed in the 

US by Proceq)
Handy Search N/A

11.81" when bar diameter is 0.23" 
or greater

Resolution of covering depth:
Shallow mode: ~ 0.04" (1mm)
Deep mode: ~ 0.08" (2mm)

N/A N/A

IDS                      
(Distributed in the 

US by Olson 
Instruments, Inc.)

Aladdin System

 2 - 2GHz bowtie 
antenna pairs for V-
V, H-H and H-V, V-
H (2 orthogonal and 
2 angled antenna 
pair combinations) 

~ 2 ft (60 cm) in dry, mature 
concrete

Precise 3-D Images with Pad 
Survey Guide kit with 1.58 cm 
between parallel scans using every 
other groove in the Aladdin 
"carpet" and GRED 3D software 
to provide mm level accuracy in 
3.3 x 6.6 ft (1 x 2 m) PSG scan

Possible for crossing 
bars to get the size of 
the top bar by 
comparing the radar 
reflection depth of the 
top bar to the bar 
immediately below it.

Ethernet LAN 
cable and wireless 
WiFi connection of 
DAD Fastwave 
Control Unit to 
Panasonic 
Toughbook.

GSSI
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The researchers contacted the Companies identified in Tables 3.3 to 3.5 to request their 
participation in this research study.  The following Companies responded and agreed to participate 
(reported in no particular order): 
 

 Geophysical Survey Systems, Inc. (GSSI) lent GPR device "SS MiniHR unit"; 
 Hilti, lent GPR device "PS1000 X-Scan" and Covermeter device "PS200 Ferroscan"; 
 Japan Radio Co. (JRC) lent GPR device "Handy Search"; 

 Proceq, lent Covermeter devices "Profoscope+" and "Profometer®5+"; 
 Olson Instruments, Inc., lent GPR device "Aladdin System". 
 
 

The GPR device "Handy Search" is manufactured by Japan Radio Co. (JRC) (Japan) and 
distributed in the USA and Canada by Proceq USA.  The GPR device "Aladdin System" is 
manufactured by Ingegneria dei Sistemi of Pisa (Italy) (IDS Georadar Division) and distributed in 
the USA by Olson Instruments, Inc..  For simplicity, the researchers will refer to IDS Georadar 
Division as IDS.   
These Companies lent their Covermeter and/or GPR devices to the Roadside Safety & Physical 
Security Division at TTI for the time needed to perform the necessary testing aimed at evaluating 
and comparing the performance of the different technologies as for locating steel rebars in concrete 
slabs. 
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CHAPTER 4.  REINFORCED CONCRETE SLABS TESTING 
 
 
 A total of five reinforced concrete specimens were built at the Roadside Safety & Physical 
Security Division at TTI for testing the capabilities of the rebar locator devices reviewed.  The 
researchers designed the specimens with the scope of replicating the requirements of Louisiana DOT 
concrete bridge deck systems, as for rebar sizes, spacing and other details (Appendix B).  All five 
specimen were built at the same time and were tested when the concrete was 3 months cured. 
 
 
CONCRETE SPECIMENS DESIGN 
 

After discussing the design details with Louisiana DOT, specimen characteristics were 
chosen as follow: 
 
 Reinforced specimens are 8 ft long and 3 ft wide; 
 Total height of the decks varies to allow for different rebar concrete coverage depth.  Heights 

chosen are 7 (1 specimen), 8 (2 specimens) and 9.5 inches (2 specimens); 
 There are a total of two 8-inch high decks: one of them has a 2-inch asphalt on the top (also 

referred to as a 10-inch thick specimen), to evaluate the devices capability to detect 
reinforcement with and without overlay of asphalt on top of the deck; 

 Two rebar layers are included in each specimen: a first (top) layer, with 2 inches concrete 
coverage from the top and a second (bottom) layer with 1 inch concrete coverage from the 
bottom; 

 Longitudinal rebars are No. 4 and 5 (top and bottom);  transverse rebars are No. 5 and 6 (top 
and bottom); ONLY for one of the 9.5-inch high deck, longitudinal bars No. 8 and 9 were 
chosen; 

 Spacing between longitudinal rebars varies between 8 and 11 inches;  spacing between 
transverse rebars varies between 5 and 6.5 inches; 

 Each specimen includes 18 inch of transverse rebar lap splices; 
 Concrete blocks were tested supported by the ground and elevated off the ground. 

 
 Although for Louisiana DOT concrete bridge deck systems using a longitudinal girder 
system, the main reinforcing steel is transverse to the traffic and the reinforcing steel is generally no. 
6 or 7  bars top and bottom, use of transverse bars sizes no. 5 and 6 might be more common in other 
States.  Researchers decided to use transverse bars sizes no. 5 and 6, arguing that if the tested device 
is able to detect smaller diameter bars (no. 5 and no. 6), then they would feel comfortable about its 
ability of detecting bigger size bars (no. 6 and no.7).    
 At least one concrete specimen should be tested when both lying on the ground and when 
elevated from ground.  This would allow considering any effects that testing of the slab would have 
with the slab sections elevated off the ground, since this is the typical configuration for a bridge 
deck.  Figure 4.1 reports the detailed drawings for the concrete specimens.  Pictures of exemplar 
concrete specimens are reported in Figure 4.2 ((a) without asphalt coverage on top and (b) with 2-
inch asphalt coverage).   
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Figure 4.1.  Reinforced Concrete Specimens. 
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Figure 4.1.  Reinforced Concrete Specimens (Continued). 
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Figure 4.1.  Reinforced Concrete Specimens (Continued). 
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(a)  Without asphalt cover on top 

 

(b)  Covered with 2 inches of asphalt on the top 
 

Figure 4.2.  Photographs of Reinforced Concrete Specimen Examples. 
 
 Detailed testing plans for both covermeter and GPR devices rebar locator capabilities 
evaluation follows. 
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Testing Plan for Rebar Location with Covermeters 
 
Devices Tested:.............................Cover Meters 

Total Specimens to Be Tested:...5 

Scope of the Test:.........................1) Locate First Layer of Longitudinal and Transverse Rebars (for 
each rebar, identify the distance from a specimen corner which 
is considered a reference point) 

.......................................................2)  Identify Rebar Concrete Coverage (inches) 

.......................................................3)  Identify Size of Rebar (if feasible) 

 

Directions for Test Completion 

1)  Each concrete specimen side is partially covered with papers to allow marking of the rebar 
position with respect to a specimen corner taken as a reference point; 

2)  Rebar extending beyond the concrete are covered;    

3)  Test is fully completed on a reinforced concrete specimen before starting another test on the next 
specimen; 

4)  All specimens are tested when laying on ground; 
5)  Transverse rebars are identified:  

5-a)   Their positions are marked on the papers with a marker.  In addition, record of their 
position is reported on a paper; 

5-b)   For each rebar identified, if feasible, the concrete coverage is read and the value reported 
on a paper; 

5-c)   For each rebar detected, if feasible, the size is identified; 
6)  Longitudinal rebars are identified:  

6-a)   Their positions are marked on the papers with a marker.  In addition, record of their 
position is reported on a paper; 

6-b)   For each rebar identified, if feasible, the concrete coverage is read and the value reported 
on a paper; 

6-c)   For each rebar detected, if feasible, the size is identified; 

  



29 

Testing Plan for Rebar Location with Ground Penetrating Radars 
 
 
Devices Tested:.............................Ground Penetrating Radar (GPR) 

Total Specimens to Be Tested:...5 

Scope of the Test:.........................1) Locate First and Second Layer of Longitudinal and 
Transverse Rebars (for each rebar, identify the distance from a 
specimen corner which is considered a reference point) 

.......................................................2)  Identify Rebar Concrete Coverage (inches) 

.......................................................3)  Identify Size of Rebar (if feasible) 

 

Directions for Test Completion 

1)  Each concrete specimen side is partially covered with papers to allow marking of the rebar 
position with respect to a specimen corner taken as a reference point;    

2)  Rebar extending beyond the concrete are covered;      
3)  Test is to be fully completed on a reinforced concrete specimen before starting another test on the 

next specimen; 

PART I: 
4)  All specimens are tested when laying on ground;  

5)  Transverse rebars are identified, in the FIRST layer:  
5-a)   Their positions are marked on the papers with a marker.  In addition, record of their 

position is reported on a paper; 
5-b)   For each rebar identified, if feasible, the concrete coverage is read and the value reported 

on a paper; 

5-c)   For each rebar detected, if feasible, the size is identified; 
6)  Longitudinal rebars are identified, in the FIRST layer:  

6-a)   Their positions are marked on the papers with a marker.  In addition, record of their 
position is reported on a paper; 

6-b)   For each rebar identified, if feasible, the concrete coverage is read and the value reported 
on a paper; 

6-c)   For each rebar detected, if feasible, the size is identified; 

PART II: 
7)  All specimens are tested when laying on ground;  
8)  Transverse rebars are identified, in the SECOND layer:  
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8-a)   Their positions are marked on the papers with a marker.  In addition, record of their 
position is reported on a paper; 

8-b)   For each rebar identified, if feasible, the concrete coverage is read and the value reported 
on a paper; 

8-c)   For each rebar detected, if feasible, the size is identified; 
9)  Longitudinal rebars are identified, in the SECOND layer:  

9-a)   Their positions are marked on the papers with a marker.  In addition, record of their 
position is reported on a paper; 

9-b)   For each rebar identified, if feasible, the concrete coverage is read and the value reported 
on a paper; 

9-c)   For each rebar detected, if feasible, the size is identified; 
10)  Specimens are tested when elevated from ground.     

 
 
 Due to the water content n concrete, GPR technology can be influenced by concrete curing 
time.  As a consequence, TTI researchers decided to perform the testing when the concrete 
reinforced specimens were three months old.  A curing time of three months is considered sufficient 
for obtaining reliable results using GPR devices.  Generally, completion of specimen testing by each 
Company required an entire work-day and proper results collection was accomplished on the 
following day.    
 
 GPR devices were shipped to the TTI facility prior to the testing date or were brought by the 
Company representative on the day of the testing.  Any needed device settings were defined by the 
Company representative the day of the testing.  Specimens scanning, device results reading and 
reporting were entirely conducted by each Company representative.  TTI researchers were limited to 
supervise that the defined specimens testing plan was followed correctly.  GPR technique, in fact, 
requires training to be completed by the user to insure appropriate setting definition, proper usage of 
the device and correct interpretation of the reported information.  Since TTI researchers did not 
receive formal training about GPR technique and GPR data interpretation, usage of these devices 
was entirely assigned to the Company representatives to avoid any device misuse and/or collected 
results misinterpretation.        
       
 The rebar locations marked on the specimen papers were measured with use of a calibrated 
ruler starting from the previously defined reference point.  When time allowed, the measurements 
were taken by TTI and the Company representatives together, on the same day of the testing.  In 
other cases, the TTI representative alone collected the reported rebar positions the day following the 
test.  As for the concrete coverage results, measurements were read and reported to the TTI 
researchers by the Company representative.     
 
 Specimen testing was performed in a controlled laboratory environment at a TTI facility.  
TTI researchers did not consider any possible weather and temperature influence on the devices 
performance.  The authors caution that testing of the same specimens may result in different 
outcomes when using the selected devices in a different environment. 
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 After inquiring State DOTs on the concrete aggregate type normally used for bridge mixes, 
Class A and C aggregates were chosen for the reinforced specimens.  TTI researchers did not 
consider possible influence of different aggregate Classes on the GPR devices performance.      
 
 After performing the concrete specimens scanning on site (at TTI facility), the Companies 
representatives re-evaluated the data collected in their offices.  Scanned data were post-processed 
and revised results were sent back to the TTI representative.  On-site and post-processed data are 
reported in the next chapter. 
   
 In order to evaluate possible concrete curing effects on the performance of the GPR devices, 
an additional study was included with this particular scope.  Testing plan, specimen constructions 
and test results are reported in Appendix C. 
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CHAPTER 5.  RESULTS 
 
 
 This Chapter reports the results obtained from scanning the concrete specimens, in terms of 
rebar locator capability of different devices considered.  First, the results from GPR devices use are 
presented.  Next, results from covermeter devices use are reported.   
 
GROUND PENETRATING RADAR RESULTS 
 
 For each GPR device employed, rebar locations identified with use of the device are reported 
as "on site" and as "post-processed". 
 
GSSI Results 
 

On-Site Rebars GSSI Detection 
 

 The locations of the rebars detected in real-time were identified by the centers of their 
reflection hyperbolas.  After a full hyperbola appeared on the screen of the SS MiniHR unit, the user 
backed the unit up, which moved a vertical position cursor over the data. The position of the vertical 
cursor on the data matched the position of the lasers on the side of the unit. So, when the vertical 
cursor was positioned over the data was on the top of a hyperbola, the lasers indicated the position of 
the rebar. This is how rebars were located in real-time.  Figure 5.1 shows typical screen of data with 
a vertical cursor positioned over the tops of shallow and deep rebars, respectively.  More details on 
the characteristics and use of the GSSI GPR device are reported in Appendix D.  
 

  
(a)  First Layer Rebar Position  (b)  Second Layer Rebar Position  

Figure 5.1.  Data Collection Screen Showing Vertical Cursor Positioned Over Canter of  
(a) First Layer and (b) Second Layer Rebar. 
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Figures 5.2 to 5.8 show the results obtained from the reinforced concrete specimens scanning 
with the SS MiniHR Unit from GSSI. Each figure reports the measured exact position of the steel 
reinforcement of the first and second layer in each slab.  Also, the rebars positions determined by the 
GPR device from GSSI on site measurements are illustrated for an effective comparison of the exact 
and estimated steel locations.   
 

7-inches Thickness Reinforced Specimen 

 
(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage.  

 
Figure 5.2.  GSSI On-Site Results for 7 inches Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.3.  GSSI On-Site Results for 8 inches Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage. 
  

Figure 5.4.  GSSI On-Site Results for 8 inches Thickness Reinforced Specimen Elevated. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.5.  GSSI On-Site Results for 9.5 inches Thickness Reinforced Specimen (Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.6.  GSSI On-Site Results for 9.5 inches Thickness Reinforced Specimen (Big Rebars). 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage.  
 

Figure 5.7.  GSSI On-Site Results for 10 inches Thickness Reinforced Specimen. 
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10-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage. 
  

Figure 5.8.  GSSI On-Site Results for 10 inches Thickness Reinforced Specimen Elevated. 
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Post-Processed GSSI Rebars Detection 
 
 In some cases it was difficult to determine the locations of the lower reinforcing in real-time 
due to the constructive and destructive interference of the reflections from the upper mesh. 
Consequently, the data were post-processed in GSSI’s GPR data viewing and processing program 
RADAN7. The primary use of the program in this case was to focus the radar energy in the data 
using a process named “migration”. Superimposed on the data are red dots indicating the detected 
reinforcing steel. The red dots were added by a user clicking a mouse on top of the processed data at 
the visually-detected rebar locations in RADAN7.  The depths of the dots are indicated in the lower 
window in the figure. The position of the rebars was then recorded and exported to an ASCII file. 
The locations of all the detected rebars relative to the block edges are contained in the accompanying 
Excel file. 
It is clear the substantial imaging enhancement performed by the focusing operation permitted 
detection of nearly all the lower reinforcing.  
 
 Following, focused data from each block are reported in Figures 5.9 to 5.22.  Also, the rebars 
positions determined after post processing the data collected with the GPR device from GSSI are 
illustrated for an effective comparison of the exact and estimated steel locations.   
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.9.  GSSI Focused Data After Post-Processing of 7-inch Thick Block Results. 
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7-inches Thickness Reinforced Specimen 
 

 
(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.10.  GSSI Post-processed Results for 7-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.11.  GSSI Focused Data After Post-Processing of 8-inch Thick Block Results. 
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8-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.12.  GSSI Post-processed Results for 8-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.13.  GSSI Focused Data After Post-Processing of 8-inch Elevated Thick Block Results. 
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8-inches Thickness Reinforced Specimen Elevated 

 
 

(a)  Transverse Rebars 
 

 
(b)  Longitudinal Rebars 

 
Figure 5.14.  GSSI Post-processed Results for 8-inch Thickness Reinforced Specimen Elevated. 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.15.  GSSI Focused Data After Post-Processing of 9.5-inch Thick Block Results  

(Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.16.  GSSI Post-processed Results for 9.5-inch Thickness Reinforced Specimen  
(Small Rebars). 
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(a)  Post-Processed Transverse Rebar Locations - Line was terminated before end of block due to 

vertical bolt block path of the unit. 

 
(b)  Post-Processed Longitudinal Rebar Locations  

 
Figure 5.17.  GSSI Focused Data After Post-Processing of 9.5-inch Thick Block Results  

(Big Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.18.  GSSI Post-processed Results for 9.5-inch Thickness Reinforced Specimen  
(Big Rebars). 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.19.  GSSI Focused Data After Post-Processing of 10-inch Elevated Thick Block Results. 
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10-inches Thickness Reinforced Specimen Elevated 

 
 

(a)  Transverse Rebars 
 

 
(b)  Longitudinal Rebars 

 
Figure 5.20.  GSSI Post-processed Results for 10-inch Thickness Reinforced Specimen Elevated. 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.21.  GSSI Focused Data After Post-Processing of 10-inch Thick Block Results.  
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10-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 
 

 
(b)  Longitudinal Rebars 

 
Figure 5.22.  GSSI Post-processed Results for 10-inch Thickness Reinforced Specimen. 
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HILTI Results 
 

Details on the characteristics and use of the Hilti GPR device are reported in Appendix F 
 

On-Site Rebars Hilti Detection 
 

Figures 5.23 to 5.43 show the results obtained from the reinforced concrete specimens 
scanning with the PS 1000 X-Scan from Hilti. Each figure reports the measured exact position of the 
steel reinforcement from the first and second layer in each slab.  Also, the rebars positions 
determined by the GPR device from Hilti on site measurements are illustrated for an effective 
comparison of the exact and estimated steel locations.   
 

7-inches Thickness Reinforced Specimen 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

 
Figure 5.23.  Hilti (PS1000) On-Site Results for 7-inch Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.24.  Hilti (PS1000) On-Site Results for 8-inch Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.25.  Hilti (PS1000) On-Site Results for 8-inch Thickness Reinforced Specimen Elevated. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.26.  Hilti (PS1000) On-Site Results for 9.5-inch Thickness Reinforced Specimen  
(Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.27.  Hilti (PS1000) On-Site Results for 9.5-inch Thickness Reinforced Specimen  
(Big Rebars). 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage.  
 

Figure 5.28.  Hilti (PS1000) On-Site Results for 10-inch Thickness Reinforced Specimen. 
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10-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage.  
 
Figure 5.29.  Hilti (PS1000) On-Site Results for 10-inch Thickness Reinforced Specimen Elevated. 
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Post-Processed Hilti Rebars Detection 
 
 Following, the rebars position determined after post processing the data collected with the 
GPR device from Hilti is illustrated for an effective comparison of the exact and estimated steel 
locations (Figures 5.30 to 5.43).   
 
 

 

(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.30.  Hilti Screenshots From Post-Processed Data of 7-inch Thick Block Results. 
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7-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.31.  Hilti Post-processed Results for 7-inch Thickness Reinforced Specimen.  
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.32.  Hilti Screenshots From Post-Processed Data of 8-inch Thick Block Results. 
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8-inches Thickness Reinforced Specimen 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

 
Figure 5.33.  Hilti Post-processed Results for 8-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.34.  Hilti Screenshots From Post-Processed Data of 8-inch Thick Elevated Block Results. 
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8-inches Thickness Reinforced Specimen Elevated 

 
(a)  Transverse Rebars 

 

 
(b)  Longitudinal Rebars 

 
Figure 5.35.  Hilti Post-processed Results for 8-inch Thickness Reinforced Specimen Elevated. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.36.  Hilti Screenshots From Post-Processed Data of 9.5-inch Thick Block Results  
(Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 
(a)  Transverse Rebars 

 

 
(b)  Longitudinal Rebars 

 
Figure 5.37.  Hilti Post-processed Results for 9.5-inch Thickness Reinforced Specimen  

(Small Rebars).  
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N/A 

(a)  Post-Processed Transverse Rebar Locations 

N/A 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 3.38.  Hilti Screenshots From Post-Processed Data of 9.5-inch Thick Block Results  
(Big Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 
 

 
(a)  Transverse Rebars 

 

 
(b)  Longitudinal Rebars 

 

Figure 5.39.  Hilti Post-processed Results for 9.5-inch Thickness Reinforced Specimen  
(Big Rebars).  
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.40.  Hilti Screenshots From Post-Processed Data of 10-inch Thick Block Results. 
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10-inches Thickness Reinforced Specimen 
 

 
(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
Figure 5.41.  Hilti Post-processed Results for 10-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 
Figure 5.42.  Hilti Screenshots From Post-Processed Data of 10-inch Thick Elevated Block Results. 
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10-inches Thickness Reinforced Specimen Elevated 
 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

 

Figure 5.43.  Hilti Post-processed Results for 10-inch Thickness Reinforced Specimen Elevated.  
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JRC/Proceq Results 
 
On-Site Rebars JRC/Proceq Detection 
 

The Handy Search device radiates electromagnetic waves through the concrete surface and 
catches reflected waves from embedded objects that have different electrical characteristics than 
concrete (for example, steel rebars). Object location and depth are then recorded and displayed as 
simple image data.  The device reveals images of the cross section of the concrete structure in a 
direction that intersects the search target perpendicularly. The cross section of an object such as a 
reinforcing steel bar will be displayed as an angular image (Figures 5.44 and 5.45).  More details on 
the characteristics and use of the JRC/Proceq GPR device are reported in Appendix I. 
 

 
Figure 5.44.  Handy Search Graphical Representation of the Displayed Angular Image Resulting 

from Locating a Reinforced Steel Bar in Concrete (Proceq, 2012).    
 

 
Figure 5.45.  Handy Search Scan Screen Example (During Scanning). 
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Figures 5.46 to 5.52 show the results obtained from the reinforced concrete specimens 
scanning with the Handy Search from JRC. Each figure reports the measured exact position of the 
steel reinforcement from the first and second layer in each slab.  Also, the rebars positions 
determined by the GPR device from JRC on site measurements are illustrated for an effective 
comparison of the exact and estimated steel locations.   
 

7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.46.  JRC/Proceq On-Site Results for 7-inch Thickness Reinforced Specimen.  
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.47.  JRC/Proceq On-Site Results for 8-inch Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.48.  JRC/Proceq On-Site Results for 8-inch Thickness Reinforced Specimen Elevated. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.49.  JRC/Proceq On-Site Results for 9.5-inch Thickness Reinforced Specimen  
(Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.50.  JRC/Proceq On-Site Results for 9.5-inch Thickness Reinforced Specimen  
(Big Rebars). 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.51.  JRC/Proceq On-Site Results for 10-inch Thickness Reinforced Specimen. 
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10-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.52.  JRC/Proceq On-Site Results for 10-inch Thickness Reinforced Specimen Elevated. 
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Post-Processed JRC/Proceq Rebars Detection 
 

Following the rebar analysis method utilized by Japan  Radio Co., Ltd., is presented. 
Table 5.1 reports the steps followed to determine the correct rebar location.  
 

Table 5.1.  JRC Post-Processing Methodology to Determine the Correct Rebars Location. 
 

  

(a)  Scanning Test Screen Example (b)  Drawn Shapes of Echo 

  

(c)  Checking Cross Points of Echo's Ends - 
Case 1 

(d)  Checking Cross Points of Echo's Ends - 
Case 2 

 
 

The shapes of echo are first drawn on the scanned image (Table 5.1(b)).  If the slopes of the 
upper and lower curves are similar, it could mean that the lower ones are multiple reflections of the 
upper ones (also known as ringing effect).  If the lower red curves are less steep than the green ones, 
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the red curves should be angular images of existing rebars.  Once the angular image of possible 
lower rebars are identified, it must be determined whether the echo is the cross point of the upper 
echo's ends or if it is, in fact, the echo of a lower rebar (Table 5.1(c) and (d)).  As shown in Case 1 
(Table 5.1(c)), it is difficult to determine whether the red ellipse includes the cross points of the 
upper echo's ends or if it identifies the echo of a lower rebar.  As for Case 2 (Table 5.1(d)), the blue 
ellipse includes a lower echo that does not coincide with the cross point position of upper rebar's 
ends.  Therefore, in this case the echo should identify the presence of a lower rebar.       
 

Following, the post-processed data from each block with identification of upper and lower 
rebars is reported (Figures 5.53 to 5.66).  Also, the rebars position determined after post processing 
the data collected with the GPR device from JRC/Proceq is illustrated for an effective comparison of 
the exact and estimated steel locations.   
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.53.  JRC/Proceq Screenshots From Post-Processed Data of 7-inch Thick Block Results. 
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7-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.54.  JRC/Proceq Post-processed Results for 7-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.55.  JRC/Proceq Screenshots From Post-Processed Data of 8-inch Thick Block Results. 
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8-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.56.  JRC/Proceq Post-processed Results for 8-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.57.  JRC/Proceq Screenshots From Post-Processed Data of 8-inch Thick Elevated Block 
Results. 
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8-inches Thickness Reinforced Specimen Elevated 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.58.  JRC/Proceq Post-processed Results for 8-inch Thickness Reinforced Specimen 
Elevated. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.59.  JRC/Proceq Screenshots From Post-Processed Data of 9.5-inch Thick Block Results 
(Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.60.  JRC/Proceq Post-processed Results for 9.5-inch Thickness Reinforced Specimen 
(Small Rebars). 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.61.  JRC/Proceq Screenshots From Post-Processed Data of 9.5-inch Thick Block Results 
(Big Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 
 

 
(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.62.  JRC/Proceq Post-processed Results for 9.5-inch Thickness Reinforced Specimen  
(Big Rebars). 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 

Figure 5.63.  JRC/Proceq Screenshots From Post-Processed Data of 10-inch Thick Block Results. 
  



98 

10-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.64.  JRC/Proceq Post-processed Results for 10-inch Thickness Reinforced Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 

(b)  Post-Processed Longitudinal Rebar Locations 
 
Figure 5.65.  JRC/Proceq Screenshots From Post-Processed Data of 10-inch Thick Elevated Block 

Results. 
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10-inches Thickness Reinforced Specimen Elevated 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.66.  JRC/Proceq Post-processed Results for 10-inch Thickness Reinforced Specimen 
Elevated. 
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IDS/Olson Instruments Results 
 
On-Site Rebars IDS/Olson Instruments Detection* 
 
 All two-dimensional surveys were conducted using only five separate scans for the entirety 
of each slab during this investigation.  All steel rebars are assumed straight. The final locations of 
steel are interpreted from the most accurate scan collected for each survey.  The GPR method 
involves moving an antenna across a test surface while periodically pulsing both antenna and 
recording the received echoes in both the longitudinal and transversal directions, as diagramed in 
Figure 5.67.   
 

 

 
 

Figure 5.67.  Typical Aladdin System Full-Polar GPR field setup. 
 

 
 Pulses are sent out from the GPR computer driving the antenna at a frequency range centered 
on the design center frequency of the antenna, in this case 2000 MegaHertz (MHz) equal to 2.0 
GigaHertz (GHz).  These electromagnetic wave pulses propagate through the material directly under 
the antenna, with some energy reflecting back whenever the wave encounters a change in electrical 
impedance, such as at a rebar or other steel embedment or air-filled void.  The antenna then receives 
these echoes, which are amplified and filtered in the GPR computer, and then digitized and stored.  
A distance wheel records scan distance across the test surface and embedded features can be located 
as a given distance from the scan start position.  For repetitive scanning, a standard survey is 
designed and adhered to as field conditions allow in order to minimize mistakes and maximize data 
quality.  The scans for this investigation were created from pulses sent out at lateral intervals of 
approximately 45 scans per foot.  The resulting raw data are in the form of echo amplitude versus 
time.  By inputting the dielectric constant, which defines the material velocity, and by estimating the 
signal zero point, the echo time data can be converted to echo depth.  The following equations 
explain this conversion:  

                                                 
* SOURCE:  Olson Instruments 
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VEM = c / εr
0.5                                                                                                                                       (1) 

 
D = (VEM * T) / 2                                                                                                                                 (2) 
 
where: 
 
VEM = material electromagnetic velocity; 
c = speed of light (in air); 
εr = material relative dielectric constant; 
D = depth; and 
T =  two-way radar pulse travel time.   
  
 If more accurate depth data are required, a depth calibration can be done if an embedment of 
a known depth is available to scan over (or the backside reflection of the wall).  The scans are then 
typically plotted as two-dimensional (2D) waterfall plots of all of the individual data traces 
collected, with the lightness or darkness (or color) of each point in the plot being set by the 
amplitude and polarity (positive or negative) of the data at a given depth in each trace.  Further 3-D 
interpolation can be performed to generate a cubic display of data by combining both the 
longitudinal and transversal data that are collected along a single longitudinal scan (due to the full-
polar mechanics of the antenna).  This data cube can then be sliced along certain planes (typically 
XY, XZ, and YZ) to enhance recognition and display of target features.  Also, amplitude threshold 
constraints can be set to allow display of GPR reflections within the given threshold values.  
Regional features are often more easily recognized when viewing a slice of 3-D interpolated data.  
With tight scan spacing and the ability to measure both the longitudinal and transversal directions at 
the same time however, it is very possible to develop high resolution three-dimensional (3D) 
imaging for locating specific features that are not regional to a specific survey. 
 

The Aladdin Full-Polar bow-tie antenna configuration consists of: 
 
the front and back pair of antennas (H-H’. 10001),  
the left and right pair of antennas (V-V’, 20001), 
the front to right (H-V’, 30001), and 
left to rear (V-H’, 40001). 
 
The four orientations provide for increased resolution of transversal, longitudinal and angled 

rebars when all four antenna 2 GigaHertz combinations are recorded.  The Full-Polar antenna layout 
is shown in Figure 5.68. 
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Figure 5.68.  Full-Polar Antenna Layout of the Aladdin GPR system.  
 
 

More details on the characteristics and use of the IDS/Olson Instruments device are reported 
in Appendix J. 
 

Figures 5.69 to 5.74 show the results obtained from the reinforced concrete specimens 
scanning with the Aladdin System from IDS/Olson Instruments. Each figure reports the measured 
exact position of the steel reinforcement from the first and second layer in each slab.  Also, the 
rebars positions determined by the GPR device from IDS/Olson Instruments on site measurements 
are illustrated for an effective comparison of the exact and estimated steel locations.   
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7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage.  
 

Figure 5.69.  IDS/Olson Instruments On-Site Results for 7-inch Thickness Reinforced Specimen. 
  

0

1

2

3

4

5

6

7

0 10 20 30 40 50 60 70 80 90

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

1st Measured 1st IDS/Olson Inst. 2nd Measured 2nd IDS/Olson Inst.

0

1

2

3

4

5

6

7

0 10 20 30

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

Measured 1st IDS/Olson Inst. 1st Measured 2nd IDS/Olson Inst. 2nd



105 

8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.70.  IDS/Olson Instruments On-Site Results for 8-inch Thickness Reinforced Specimen. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.71.  IDS/Olson Instruments On-Site Results for 9.5-inch Thickness Reinforced Specimen 
(Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Red measurements are referred to rebar positions for which it was not reported concrete coverage. 
 

Figure 5.72.  IDS/Olson Instruments On-Site Results for 9.5-inch Thickness Reinforced Specimen 
(Big Rebars). 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.73.  IDS/Olson Instruments On-Site Results for 10-inch Thickness Reinforced Specimen. 
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10-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.74.  IDS/Olson Instruments On-Site Results for 10-inch Thickness Reinforced Specimen 
Elevated .
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Post-Processed Olson Engineering Rebars Detection 
 

Following, the post-processed data from each block with identification of upper and lower 
rebars is reported (Figures 5.75 to 5.86).  Also, the rebars positions determined after post processing 
the data collected with the GPR device from Olson Engineering are illustrated for an effective 
comparison of the exact and estimated steel locations.   
 

 
(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.75.  IDS/Olson Instruments Screenshots From Post-Processed Data of 7-inch Thick Block 

Results.  
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7-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.76.  IDS/Olson Instruments Post-processed Results for 7-inch Thickness Reinforced 
Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 

Figure 5.77.  IDS/Olson Instruments Screenshots From Post-Processed Data of 8-inch Thick Block 
Results.  
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8-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.78.  IDS/Olson Instruments Post-processed Results for 8-inch Thickness Reinforced 
Specimen. 

  

0

1

2

3

4

5

6

7

8

0 10 20 30 40 50 60 70 80 90

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

1st Measured 1st IDS/Olson Inst. 2nd Measured 2nd IDS/Olson Inst.

0

1

2

3

4

5

6

7

8

0    10    20    30    

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

Measured 1st IDS/Olson Inst. 1st Measured 2nd IDS/Olson Inst. 2nd



114 

 
(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.79.  IDS/Olson Instruments Screenshots From Post-Processed Data of 9.5-inch Thick 

Block Results (Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.80.  IDS/Olson Instruments Post-processed Results for 9.5-inch Thickness Reinforced 
Specimen (Small Rebars). 

  

0
1
2
3
4
5
6
7
8
9

0 10 20 30 40 50 60 70 80 90

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

1st Measured 1st IDS/Olson Inst. 2nd Measured 2nd IDS/Olson Inst.

0
1
2
3
4
5
6
7
8
9

0 10 20 30

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

Measured 1st IDS/Olson Inst. 1st Measured 2nd IDS/Olson Inst. 2nd



116 

 
(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.81.  IDS/Olson Instruments Screenshots From Post-Processed Data of 9.5-inch Thick 

Block Results (Big Rebars).  
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.82.  IDS/Olson Instruments Post-processed Results for 9.5-inch Thickness Reinforced 
Specimen (Big Rebars). 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 

Figure 5.83.  IDS/Olson Instruments Screenshots From Post-Processed Data of 10-inch Thick Block 
Results.  
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10-inches Thickness Reinforced Specimen 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.84.  IDS/Olson Instruments Post-processed Results for 10-inch Thickness Reinforced 
Specimen. 
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(a)  Post-Processed Transverse Rebar Locations 

 
(b)  Post-Processed Longitudinal Rebar Locations 

 
Figure 5.85.  IDS/Olson Instruments Screenshots From Post-Processed Data of 10-inch Thick 

Elevated Block Results.  
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10-inches Thickness Reinforced Specimen Elevated 

 
 

(a)  Transverse Rebars 

 
 

(b)  Longitudinal Rebars 
 

Figure 5.86.  IDS/Olson Instruments Post-processed Results for 10-inch Thickness Reinforced 
Specimen Elevated. 
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COVERMETERS RESULTS 
 

Proceq (Profoscope+)  
 

Details on the characteristics and use of the Profoscope+ Proceq device are reported in 
Appendix G.  Following, the data obtained from scanning of the reinforced concrete specimens with 
Proceq Profoscope+ covermeter device are reported (Figures 5.87 to 5.90).   
 
 

7-inches Thickness Reinforced Specimen 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

 
Figure 5.87.  Proceq (Profoscope+) Results for 7-inch Thickness Reinforced Specimen.  
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.88.  Proceq (Profoscope+) Results for 8-inch Thickness Reinforced Specimen. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.89.  Proceq (Profoscope+) Results for 9.5-inch Thickness Reinforced Specimen 
 (Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 5.90.  Proceq (Profoscope+) Results for 9.5-inch Thickness Reinforced Specimen (Big 
Rebars). 
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Proceq (Profometer 5+)  
 
Details on the characteristics and use of the Profoscope5+ Proceq device are reported in Appendix H. 
Following, the data obtained from scanning of the reinforced concrete specimens with Proceq 
Profometer 5+ covermeter device are reported (Figures 5.91 to 5.94).   
 
 

7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

Figure 5.91.  Proceq (Profometer 5+) Results for 7-inch Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.92.  Proceq (Profometer 5+) Results for 8-inch Thickness Reinforced Specimen. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.93.  Proceq (Profometer 5+) Results for 9.5-inch Thickness Reinforced Specimen (Small 

Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.94.  Proceq (Profometer 5+) Results for 9.5-inch Thickness Reinforced Specimen (Big 

Rebars). 
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Hilti (Ferroscan PS200)  
 
Details on the characteristics and use of the Hilti Ferroscan device are reported in Appendix F. 
Following, the data obtained from scanning of the reinforced concrete specimens with Hilti 
Ferroscan PS200 covermeter device are reported (Figures 5.95 to 5.98).   
 

7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.95.  Hilti (Ferroscan) Results for 7-inch Thickness Reinforced Specimen. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.96.  Hilti (Ferroscan) Results for 8-inch Thickness Reinforced Specimen. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.97.  Hilti (Ferroscan) Results for 9.5-inch Thickness Reinforced Specimen (Small Rebars). 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 5.98.  Hilti (Ferroscan) Results for 9.5-inch Thickness Reinforced Specimen (Big Rebars). 
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CHAPTER 6.  SUMMARY 
 
GPR DEVICES  
 
On-Site Rebars Detection 
 
Following, on-site data obtained from scanning of the reinforced concrete specimens with GPR 
devices are summarized and compared (Figures 6.1 to 6.7).   
 

7-inches Thickness Reinforced Specimen 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

Figure 6.1.  On-Site Results for 7-inch Thickness Reinforced Specimen - SUMMARY. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.2.  On-Site Results for 8-inch Thickness Reinforced Specimen - SUMMARY. 
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8-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 

*Due to time constraints, Olson Engineering did not perform an on-site 2D scanning of this block.  
Results are anyway reported for comparison of the other GPR devices employed.  
 

Figure 6.3.  On-Site Results for 8-inch Thickness Reinforced Specimen Elevated - SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.4.  On-Site Results for 9.5-inch Thickness Reinforced Specimen (Small Rebars) - 

SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.5.  On-Site Results for 9.5-inch Thickness Reinforced Specimen (Big Rebars) - 

SUMMARY. 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.6.  On-Site Results for 10-inch Thickness Reinforced Specimen - SUMMARY. 
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10-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.7.  On-Site Results for 10-inch Thickness Reinforced Specimen Elevated - SUMMARY. 
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Comments 
 
 The GPR devices were generally able to accurately locate rebars from the top layer, where 
the concrete coverage varied between 2 and 5 inches, according to the type of rebar considered 
(transverse or longitudinal) and whether there was a 2-inch asphalt layer on top of the specimen.  
Concrete coverage of the first layer was also generally accurately detected. 
  
 As for the detection of the second layer, more difficulties were encountered.  Most of the 
time, the participating companies preferred not to report the location of the rebars from the second 
layer on-site, but decided to wait until post-processing the data.  When on-site rebar locations were 
identified through the GPR devices and reported by the companies, results were not always within 1-
inch location accuracy.  One of the most cited difficulties reported by the Companies representatives 
when interpreting the collected scanned data was not to mistakenly confuse the cross point of upper 
echo's rebars ends for the echo of a lower rebar.  When evaluating the results collected, though, it 
seemed that sometimes the Companies representatives erroneously detected a not-existing rebar 
between two existing rebars.  This common mistake might be connected to the erroneous confusion 
of the cross point of two upper echo's rebars ends for the echo of a lower rebar.     
 
 Although use of the devices was relatively simple and easy, interpretation of the results 
showed on the screen required a certain level of training for the user.  Top layer rebars were usually 
easier to identify because of the limited concrete coverage and because of no interference from 
bottom layer rebars.  However, especially for bottom layer of reinforcement, identification of rebars 
required more complex evaluation of the data, which required certain engineering knowledge.  In 
those cases, use of post-processing programs would help for a more accurate identification of the 
second layer rebar locations and concrete coverage.   
 
 Frequently, devices were not capable of detecting rebars that were located closer to the edges 
of the specimens.  In those cases, Companies alluded to an "edge effect", referring to probable 
interference by the end of the specimen on the device detecting capabilities.  This type of 
interference, however, should not be a big concern for roadside safety applications of the GPR 
devices, such as their use to identify rebar locations on bridge decks or concrete paved roads, since 
rarely the user will have to deal with the edge of the reinforced concrete.   
 
 The rebar locator capability of the GPR devices did not appear to be influenced by scanning 
the reinforced concrete specimens when they were elevated from the ground.  In fact, results from 
scanning the same specimen when laying on the ground and when elevated from the ground were 
very similar. 
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Post-Processed Rebars Detection 
 
Following, on-site data obtained from scanning of the reinforced concrete specimens with GPR 
devices are summarized and compared (Figures 6.8 to 6.14).   
 

7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 6.8.  Post-Processed Results for 7-inch Thickness Reinforced Specimen - SUMMARY. 

0

1

2

3

4

5

6

7

0 10 20 30 40 50 60 70 80 90

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

1st Measured 1st GSSI 1st IDS/Olson Inst. 1st JRC/Proceq 1st Hilti
2nd Measured 2nd GSSI 2nd IDS/Olson Inst. 2nd JRC/Proceq 2nd Hilti

0

1

2

3

4

5

6

7

0 10 20 30

Sp
ec

im
en

 T
hi

ck
ne

ss
 (i

n)

Distance on Specimen (in)

Measured 1st GSSI 1st IDS/Olson Inst. 1st JRC/Proceq 1st Hilti 1st
Measured 2nd GSSI 2nd IDS/Olson Inst. 2nd JRC/Proceq 2nd Hilti 2nd



144 

 
 
 

8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.9.  Post-Processed Results for 8-inch Thickness Reinforced Specimen - SUMMARY. 
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8-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure  6.10. Post-Processed Results for 8-inch Thickness Reinforced Specimen Elevated - 

SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 
Figure  6.11. Post-Processed Results for 9.5-inch Thickness Reinforced Specimen (Small Rebars) - 

SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.12.  Post-Processed Results for 9.5-inch Thickness Reinforced Specimen (Big Rebars) - 

SUMMARY. 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.13.  Post-Processed Results for 10-inch Thickness Reinforced Specimen - SUMMARY. 
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10-inches Thickness Reinforced Specimen Elevated 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.14.  Post-Processed Results for 10-inch Thickness Reinforced Specimen Elevated - 

SUMMARY. 
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Comments 
 
 Post-processing the data obtained through the scanning of the reinforced concrete specimens 
did not have, generally, a big influence on the results when predicting the top layer rebars location.  
In those cases, detection of the steel bars was fairly congruent with the recorded on-site data.  It can 
be noted, however, that an exception is represented by the post-processed data from the scanning of 
the 10-inch (both on ground and elevated) reinforced specimen.  In this case, surprisingly, post-
processed data reported by three out of four companies did not replicate the accuracy of the data 
recorded on-site, both in term of rebar localization and concrete coverage.  Considering the good on-
site results reported by each of these companies as for detection of the first layer, however, 
researchers are linking the less accurate post-processed predictions to some sort of misinterpretations 
of the data during the post-processed phase. 
 
    As for detection of rebar location and concrete coverage of the bottom layer, post-
processing the data generally allowed for the location of rebars that were not indicated by scanning 
of the specimens on-site.  Some post-processed data resulted in rebar locations that were consistently 
shifted from the real position of the bars.  This erroneous locations identification might have to be 
related to the device starting position reported in the file, which might not have always been the 
same for each specimen testing.  TTI researchers noted, however, that in some cases, rebar locations 
and/or their concrete coverage were not correctly or accurately detected by the GPR technique, even 
with the help of post-processing programs.   
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COVERMETER DEVICES  
 
 Following, data obtained from scanning of the reinforced concrete specimens with 
Covermeter devices are summarized and compared (Figures 6.15 to 6.18).   
 

7-inches Thickness Reinforced Specimen 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

Figure 6.15.  Covermeters Results for 7-inch Thickness Reinforced Specimen - Summary. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.16.  Covermeters Results for 8-inch Thickness Reinforced Specimen - Summary. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.17.  Covermeters Results for 9.5-inch Thickness Reinforced Specimen (Small Rebars) - 

Summary. 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
Figure 6.18.  Covermeters Results for 9.5-inch Thickness Reinforced Specimen (Big Rebars) - 

Summary. 
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Rebar Size Detection 
 
 Following, rebar size detection data (for Transverse "T" and Longitudinal "L" rebars) 
obtained from scanning of the reinforced concrete specimens with Covermeter devices are 
summarized and compared (Tables 6.1 to 6.4).  Highlighted tables cells represent the location of 
steel lifting studs in the concrete specimens.  The inclusion of studs was necessary for proper 
moving of the specimens when required.   
 
 As for the Proceq devices (Profoscope+ and Profometer 5+), in order to have an 
approximation of the rebar size detected, indication of the rebar size was included in the device 
setting prior to specimen testing.  Rebar size detection would be possible only if the user has already 
an approximate knowledge of the reinforcement size prior to testing.  
 
 As for the Hilti device (Ferroscan), it is not possible to determine bar sizes unless an 
ImageScan is performed (with use of a particular reference grid paper).  In this study, only a 
QuickScan was performed because of time-related reasons.  Quickscan can be used to quickly detect 
bar positions and depths that are then subsequently marked on the surface. This is procedure is 
named Quickscan detection.  Accurate depth measurement is another Quickscan function in which 
values for bar diameter and bar spacing must be previously entered.  Alternatively, data can be 
recorded and evaluated on the monitor or in the PC application. In this way, the average depth of 
cover over the reinforcement over large stretches of the surface can be easily determined. This is 
termed Quickscan recording.  Imagescan is used to create an image of the reinforcement layout. The 
depth and diameter of the bars can be determined.  First, a reference grid has to be fixed to the 
specimen (or, alternatively, a 4×4 grid with 150 mm spacing between parallel lines can be marked 
directly on the surface ). 
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Table 6.1.  Covermeters Rebar Size Detection Comparison for 7-inch Thickness Reinforced 
Specimen. 

 

 
where  rebar #4 = 0.500 inches 
                     #5 = 0.625 inches 
                     #6 = 0.750 inches 

 
 
 
 
 
 
 
 

T (#) L (#) T (#) L (#) T (in) L (in) T L

1 5 5 7 7 0.77 0.79 N/A N/A
2 5 5 7 7 0.78 0.84 N/A N/A
3 5 5 7 7 0.77 0.86 N/A N/A
4 5 5 7 4 0.77 0.82 N/A N/A
5 6 5 8 10 0.89 1.49 N/A N/A
6 6 8 0.87 N/A
7 6 8 0.88 N/A
8 6 8 0.9 N/A
9 5 10 0.89 N/A
10 5 7 0.76 N/A
11 5 7 0.72 N/A
12 5 7 0.71 N/A
13 6 8 0.85 N/A
14 6 9 0.85 N/A
15 6 9 0.85 N/A
16 6 7 0.81 N/A

Rebars

Proceq

Profoscope+ Profometer5+ Ferroscan PS200

Hilti
Reinforced 
Concrete 
Specimen

7-inch
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Table 6.2.  Covermeters Rebar Size Detection Comparison for 8-inch Thickness Reinforced 
Specimen. 

 

 
where  rebar #4 = 0.500 inches 
                     #5 = 0.625 inches 
                     #6 = 0.750 inches 

 
 
 
 
 
 
 
 
 

T (#) L (#) T (#) L (#) T (in) L (in) T L

1 5 4 10 5 0.77 N/A N/A N/A
2 5 4 13 6 0.85 0.58 N/A N/A
3 5 4 9 8 0.81 0.54 N/A N/A
4 5 4 10 5 0.86 0.49 N/A N/A
5 6 4 8 6 0.74 0.58 N/A N/A
6 6 10 0.75 N/A
7 6 10 0.82 N/A
8 6 13 0.88 N/A
9 5 11 0.9 N/A

10 5 9 0.8 N/A
11 5 9 0.77 N/A
12 5 7 0.76 N/A
13 6 8 0.64 N/A
14 6 8 0.64 N/A
15 6 10 0.63 N/A
16 6 7 0.6 N/A

Reinforced 
Concrete 
Specimen

Proceq Hilti

Rebars

8-inch Profoscope+ Profometer5+ Ferroscan PS200
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Table 6.3.  Covermeters Rebar Size Detection Comparison for 9.5-inch Thickness Reinforced 
Specimen (Small Rebars). 

 

 
where  rebar #4 = 0.500 inches 
                     #5 = 0.625 inches 
                     #6 = 0.750 inches 

 
 
 

 
 
 

 

T (#) L (#) T (#) L (#) T (in) L (in) T L

1 5 4 5 4 0.65 N/A N/A N/A
2 5 4 6 4 0.67 N/A N/A N/A
3 5 4 7 5 0.66 N/A N/A N/A
4 5 4 6 5 0.67 N/A N/A N/A
5 6 4 7 5 0.77 N/A N/A N/A
6 6 6 0.77 N/A
7 6 6 0.76 N/A
8 6 6 0.91 N/A
9 5 10 0.74 N/A
10 5 6 0.69 N/A
11 5 5 0.69 N/A
12 5 5 0.66 N/A
13 6 6 0.76 N/A
14 6 6 0.75 N/A
15 6 6 0.76 N/A
16 6 6 0.7 N/A

Reinforced 
Concrete 
Specimen

Proceq Hilti

Rebars

9.5-inch (Small 
Rebars) Profoscope+ Profometer5+ Ferroscan PS200
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Table 6.4.  Covermeters Rebar Size Detection Comparison for 9.5-inch Thickness Reinforced 
Specimen (Big Rebars). 

 

 
where  rebar #4 = 0.500 inches 
                     #5 = 0.625 inches 
                     #6 = 0.750 inches 
                     #8 = 1.000 inches 
                     #9 = 1.128 inches 
 

 
 
 
 
 
 

T (#) L (#) T (#) L (#) T (in) L (in) T L

1 8 5 6 N/A 0.75 N/A N/A N/A
2 8 5 6 N/A 0.82 N/A N/A N/A
3 8 5 6 8 0.77 N/A N/A N/A
4 8 5 5 8 0.78 N/A N/A N/A
5 9 5 7 8 0.9 N/A N/A N/A
6 9 8 1.08 N/A
7 9 7 0.98 N/A
8 9 11 1.15 N/A
9 8 10 1.07 N/A
10 8 8 0.98 N/A
11 8 7 0.92 N/A
12 8 7 0.86 N/A
13 9 8 1 N/A
14 9 11 1.01 N/A
15 9 10 1.04 N/A
16 9 7 0.86 N/A

Reinforced 
Concrete 
Specimen

Proceq Hilti

Rebars

9.5-inch (Big 
Rebars) Profoscope+ Profometer5+ Ferroscan PS200
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Comments 
 
 Capability of the covermeter devices was limited to the identification of the top rebar layer 
only.  Localization of the steel reinforcement was fairly accurate in almost all cases and concrete 
coverage identification fell within 1-inch error in the worst cases.  The covermeter devices were not 
capable of identifying the top rebar layer for the 10-inch reinforced specimen which included a 2-
inch asphalt on the top.  In this case, the top rebars laid between 4 and 5 inches from the top surface.  
 
 When covermeter devices were preset with an estimate of the rebar diameter to facilitate the 
identification of the rebar sizes detected, still in very few cases the devices were able to correctly 
detect the rebar sizes.  Also, the correct identification of rebar diameters was influenced by the 
overlapping of rebars and by sometimes the presence of steel lifting studs in the concrete specimen.    
 
 There was no need to repeat the scanning of the concrete specimens when they were elevated 
from the ground, since this different testing condition would have not influenced the results with use 
of the covermeter technology.  Overall, the researchers feel that all three devices employed had a 
very similar performance in terms of top layer rebar locator and concrete coverage identification. 
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CHAPTER 7.  CONCLUSIONS AND IMPLEMENTATION 
 
 
 The objective of this study was to perform a literature search to determine the current NDT 
methods available for detecting locations of the reinforcing steel in bridge decks.  Using NDT 
methods contractors can accurately locate the placement of the concrete barrier rails in reference to 
reinforcing steel during construction. Two technologies were identified by the researchers as primary 
methodologies used in the field of rebar detection in reinforced concrete: magnetic method 
(covermeters) and ground penetrating radar.  Each method was researched to determine devices 
available for use on the market, equipment costs, device features, performance, and 
advantages/disadvantages for each technology evaluated.  
 
 Reinforced concrete specimens were purposely built to test the capabilities of each rebar 
locator device considered, in terms of steel bar localization and concrete coverage for both top and 
bottom reinforced layers.  Concrete specimen thickness, and rebar sizes and spacing varied in order 
to have different configurations to test.    
 
 A total of four GPR devices were made available for use in this research study: 
StructureScan MiniHD (GSSI), PS1000 X-Scan (Hilti), Handy Search (JRC/Proceq), and Aladdin 
System (IDS/Olson Instruments, Inc.).  Chapters 5 and 6 report data obtained from on-site scanning 
of the concrete specimens with these GPR devices and data after post-processing the on-site results.   
 
 
GPR DEVICES  
 
1-inch Accuracy Results Evaluation 
 
On-Site Accuracy Comparison 
 

Tables 7.1 and 7.2 and Figures 7.1 to 7.6 summarize the capability of the GPR devices used 
in this research study in terms of locating rebar layers in concrete specimens and identifying their 
concrete coverage.  This data is referring to on-site evaluation, thus it summarizes the GPR devices 
capability to locate rebars and their concrete coverage without use of post-processing software.  For 
each concrete specimen, TTI researchers evaluated the number of rebars (T=Transverse and 
L=Longitudinal) identified by a particular GPR device within 1-inch accuracy from their real 
location (Table 7.1).  Also, Table 7.2 summarizes the detected rebar concrete coverage within 1-inch 
accuracy from their real value.  This means, every time the GPR device was capable of detecting the 
rebar top concrete coverage within 1-inch accuracy from their real value, a point was awarded to the 
device.  Thus, if there are 16 rebars in the longitudinal direction of the concrete specimen, the GPR 
device can be awarded of a maximum of 16 points (this would be the case when the device detects 
within 1-inch accuracy the concrete coverage of all 16 rebars.).  
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Table 7.1.  On-Site Summary GPR Results - Rebar Location. 
 
Concrete 
Reinforcement 
Specimens 

# Steel 
Bars GSSI Proceq-JRC Hilti Olson Eng.-

IDS 

7" -Ground- 
TOP 

T: 16 16 15 16 14 
L: 5 3 1 5 4 

7" -Ground-
BOTTOM 

T: 16 2 4 NA 5 
L: 4 0 0 NA 1 

8" -Ground- 
TOP 

T: 16 16 15 13 15 
L: 5 3 3 4 4 

8" -Ground- 
BOTTOM 

T: 16 NA 1 11 4 
L: 4 NA 1 4 3 

9.5" SR -Ground-
TOP 

T: 16 15 15 15 16 
L: 5 3 3 5 3 

9.5" SR -Ground- 
BOTTOM 

T: 16 NA 2 NA 11 
L: 4 NA 2 2 3 

9.5" BR -Ground - 
TOP 

T: 16 15 14 16 16 
L: 5 4 3 4 4 

9.5" BR -Ground - 
BOTTOM 

T: 16 NA 2 NA 8 
L: 4 2 2 2 3 

8"+2" -Ground - 
TOP 

T: 16 15 10 16 13 
L: 5 3 3 3 3 

8"+2" -Ground - 
BOTTOM 

T: 16 NA 2 3 8 
L: 4 1 0 1 1 

8"+2" -Elevated - 
TOP 

T: 16 15 15 11 13 
L: 5 3 3 NA 3 

8"+2" -Elevated- 
BOTTOM 

T: 16 NA 4 4 3 
L: 4 1 3 NA 2 

TOTAL TOP 
T: 96 92 84 87 87 
L: 30 19 16 21 + 1 NA 21 

TOTAL 
BOTTOM 

T: 96 2 + 5 NA 15 18 + 3 NA 39 
L: 24 4 + 2 NA 8 9 + 2 NA 13 
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Table 7.2.  On-Site Summary GPR Results - Rebar Concrete Coverage. 

 
Concrete 
Reinforcement 
Specimens 

# Steel 
Bars GSSI Proceq-JRC Hilti Olson Eng.-

IDS 

7" -Ground- 
TOP 

T: 16 16 15 16 14 
L: 5 3 3 5 5 

7" -Ground-
BOTTOM 

T: 16 NA 13 NA NA 
L: 4 2 2 NA NA 

8" -Ground- 
TOP 

T: 16 16 15 13 16 
L: 5 3 3 4 4 

8" -Ground- 
BOTTOM 

T: 16 NA 6 11 16 
L: 4 NA 2 4 4 

9.5" SR -Ground-
TOP 

T: 16 15 15 15 16 
L: 5 3 3 5 5 

9.5" SR -Ground- 
BOTTOM 

T: 16 NA 14 NA 16 
L: 4 NA 3 4 3 

9.5" BR -Ground - 
TOP 

T: 16 15 15 16 NA 
L: 5 4 3 4 5 

9.5" BR -Ground - 
BOTTOM 

T: 16 NA 13 NA 0 
L: 4 2 2 2 NA 

8"+2" -Ground - 
TOP 

T: 16 15 15 NA 16 
L: 5 3 3 NA 3 

8"+2" -Ground - 
BOTTOM 

T: 16 NA 10 NA 0 
L: 4 NA 3 NA 3 

8"+2" -Elevated - 
TOP 

T: 16 NA 15 NA 16 
L: 5 NA 3 NA 3 

8"+2" -Elevated- 
BOTTOM 

T: 16 NA 4 NA 9 
L: 4 NA 3 NA 3 

TOTAL TOP 
T: 96 77 + 1 NA 90 60 + 2 NA 78 + 1 NA 
L: 30 16 + 1 NA 18 18 + 2 NA 25 

TOTAL 
BOTTOM 

T: 96 6 NA 60 11 + 5 NA 41 + 1 NA 
L: 24 4 + 4 NA 15 10 + 3 NA 13 + 2 NA 
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7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.1.  On-Site GPR Rebar Location Results for 7-inch Thickness Reinforced Specimen - 
SUMMARY. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.2.  On-Site GPR Rebar Location Results for 8-inch Thickness Reinforced Specimen - 
SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.3.  On-Site GPR Rebar Location Results for 9.5-inch Thickness Reinforced Specimen 
(Small Rebars) - SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 
Figure 7.4.  On-Site GPR Rebar Location Results for 9.5-inch Thickness Reinforced Specimen (Big 

Rebars) - SUMMARY. 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.5.  On-Site GPR Rebar Location Results for 10-inch Thickness Reinforced Specimen - 
SUMMARY. 
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10-inches Thickness Reinforced Specimen (Elevated) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.6. On-Site GPR Rebar Location Results for 10-inch Thickness Reinforced Specimen 
(Elevated) - SUMMARY. 
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Post-Processed Accuracy Comparison 
 

Tables 7.3 and 7.4 and Figures 7.7 to 7.12 summarize the capability of the GPR devices used 
in this research study in terms of locating rebar layers in concrete specimens and identifying their 
concrete coverage.  This data is referring to post-processed evaluation, thus it summarizes the GPR 
devices capability to locate rebars and their concrete coverage after use of post-processing software.  
For each concrete specimen, TTI researchers evaluated the number of rebars identified by a 
particular GPR device within 1-inch accuracy from their real location (Table 7.3).  Also, Table 7.4 
summarizes the detected rebar concrete coverage within 1-inch accuracy from their real value  This 
means, every time the GPR device was capable of detecting the rebar top concrete coverage within 
1-inch accuracy from their real value, a point was awarded to the device.  Thus, if there are 16 rebars 
in the longitudinal direction of the concrete specimen, the GPR device can be awarded of a 
maximum of 16 points (this would be the case when the device detects within 1-inch accuracy the 
concrete coverage of all 16 rebars.).  
 
 
Ease of Use Comparison 

 "Ease of Use" includes the easiness of understanding the setup process and of operating the 
device; also, it includes the handiness and convenience for use of the device in different conditions.  
Employed GPR devices were similar for their modi operandi, however TTI researchers highlighted 
some interesting differences among certain devices for a 2D scanning process.  TTI researchers did 
not have enough experience during this project to evaluate the GPR devices according to their 
easiness of use and capability for performing 3D scanning images. 

 The SS MiniHR Unit (GSSI), the PS1000 X-Scan (Hilti) and the Handy Search (JRC/Proceq) 
devices are all-in-one concrete inspection tools (antenna, positioning system and control unit 
combo).  They allow for visualization of the scanned data directly on the scanning device screen.  
This capability allows the user to easily monitor the data while scanning the specimen.  With the 
Aladdin system (IDS/Olson Instruments), the specimen scan is performed with the Full-Polar 
Antenna but the scanned data are displayed on a GPR Computer (laptop).  Thus, the user would need 
to have the GPR Computer close to him/her in order to visualize the displayed data.  Also, the Full-
Polar Antenna of the Aladdin system needs to be connected to a Control Unit via cable.  The user 
would have to move the Control Unit as he/she progresses in scanning the specimen.  

 The SS MiniHR Unit (GSSI) has laser on its sides which help indicate the location on the 
concrete surface of the center of the identified target, allowing for an accurate marking of the 
embedded targets.   

 The PS1000 X-Scan (Hilti) allows the user to visualize the scanned data with different 
options: one of them allows direct visualization of rebar sections in the concrete.  This type of 
visualization eases rebars identification without much need of data interpretation.   
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Table 7.3.  Post-Processed GPR Results - Rebar Location. 

 
Concrete 
Reinforcement 
Specimens 

# Steel 
Bars GSSI Proceq-JRC Hilti Olson Eng.-

IDS 

7" -Ground- 
TOP 

T: 16 16 3 16 10 
L: 5 3 3 5 0 

7" -Ground-
BOTTOM 

T: 16 16 3 13 2 
L: 4 0 0 3 0 

8" -Ground- 
TOP 

T: 16 16 1 16 11 
L: 5 4 3 3 2 

8" -Ground- 
BOTTOM 

T: 16 16 2 15 0 
L: 4 4 0 1 1 

9.5" SR -Ground-
TOP 

T: 16 16 3 10 4 
L: 5 3 2 5 4 

9.5" SR -Ground- 
BOTTOM 

T: 16 14 3 9 1 
L: 4 3 1 0 2 

9.5" BR -Ground - 
TOP 

T: 16 8 3 16 6 
L: 5 4 2 0 5 

9.5" BR -Ground - 
BOTTOM 

T: 16 7 3 12 2 
L: 4 2 0 1 0 

8"+2" -Ground - 
TOP 

T: 16 16 4 16 12 
L: 5 3 1 3 3 

8"+2" -Ground - 
BOTTOM 

T: 16 12 5 6 2 
L: 4 2 1 1 1 

8"+2" -Elevated - 
TOP 

T: 16 16 4 16 14 
L: 5 3 3 3 3 

8"+2" -Elevated- 
BOTTOM 

T: 16 11 5 6 1 
L: 4 3 2 0 2 

TOTAL TOP T: 96 88 18 90 57 
L: 30 20 14 19 17 

TOTAL 
BOTTOM 

T: 96 76 21 61 8 
L: 24 14 4 6 6 
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Table 7.4.  Post-Processed GPR Results - Rebar Concrete Coverage. 
 
Concrete 
Reinforcement 
Specimens 

# Steel 
Bars GSSI Proceq-JRC Hilti Olson Eng.-

IDS 

7" -Ground- 
TOP 

T: 16 16 15 16 16 
L: 5 3 3 5 3 

7" -Ground-
BOTTOM 

T: 16 16 15 14 7 
L: 4 3 2 3 2 

8" -Ground- 
TOP 

T: 16 16 15 16 16 
L: 5 4 3 5 5 

8" -Ground- 
BOTTOM 

T: 16 16 0 16 3 
L: 4 4 3 3 1 

9.5" SR -Ground-
TOP 

T: 16 16 16 16 16 
L: 5 3 3 5 4 

9.5" SR -Ground- 
BOTTOM 

T: 16 14 0 6 3 
L: 4 4 0 4 3 

9.5" BR -Ground - 
TOP 

T: 16 8 16 16 16 
L: 5 4 5 5 5 

9.5" BR -Ground - 
BOTTOM 

T: 16 7 0 12 0 
L: 4 2 4 3 2 

8"+2" -Ground - 
TOP 

T: 16 16 16 0 15 
L: 5 3 3 0 3 

8"+2" -Ground - 
BOTTOM 

T: 16 13 0 0 4 
L: 4 2 0 0 2 

8"+2" -Elevated - 
TOP 

T: 16 16 15 0 16 
L: 5 3 3 0 3 

8"+2" -Elevated- 
BOTTOM 

T: 16 13 0 0 5 
L: 4 3 2 0 0 

TOTAL TOP 
T: 96 88 93 64 95 
L: 30 20 20 20 23 

TOTAL 
BOTTOM 

T: 96 79 15 48 22 
L: 24 18 11 13 10 
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7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 
Figure 7.7.  Post-Processed GPR Rebar Location Results for 7-inch Thickness Reinforced Specimen 

- SUMMARY. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 
Figure 7.8.  Post-Processed GPR Rebar Location Results for 8-inch Thickness Reinforced Specimen 

- SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.9.  Post-Processed GPR Rebar Location Results for 9.5-inch Thickness Reinforced 
Specimen (Small Rebars) - SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.10.  Post-Processed GPR Rebar Location Results for 9.5-inch Thickness Reinforced 
Specimen (Big Rebars) - SUMMARY. 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.11.  Post-Processed GPR Rebar Location Results for 10-inch Thickness Reinforced 
Specimen - SUMMARY. 
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10-inches Thickness Reinforced Specimen (Elevated) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.12.  Post-Processed GPR Rebar Location Results for 10-inch Thickness Reinforced 
Specimen (Elevated) - SUMMARY. 
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Need of Training Comparison 
 
 In order to be able to use a GPR device to its full capabilities and to correctly interpret the 
collected results, the user needs to undergo a training process.  The employed GPR devices display 
the cross section of the reinforcing steel bar as an angular image.  The peak of the steel bar is the 
center of the angular image.  When multiple steel grids are present in the reinforced concrete, the 
user needs to be careful to correctly interpret the curves displayed by the device.  If proper training is 
not received, ringing effect can be misinterpreted for existence of lower steel bars (ringing effect 
occurs when lower curves are simply multiple reflections of upper curves, but do not indicate 
existence of lower steel bars).  If the slopes of the upper and lower curves are similar, the user needs 
to be capable to correctly interpret the data by evaluating the slope of the curves.  Also, once the 
angular image of possible lower rebars is identified, the user needs to be capable to determine 
whether the echo is the cross point of the upper echo's ends or if it is the echo of a lower rebar. 
 
 The Hilti GPR device (PS1000 X-Scan) allows the user to visualize the scanned data with 
different options: one of them allows direct visualization of rebar sections in the concrete.  The 
experience that TTI researchers had with this type of visualization with the Hilti device allowed 
them to quickly locate rebars without much need of data interpretation.   
 
 
Price Comparison 
 
 TTI researchers suggested that anyone interested in knowing the price for purchase a 
particular device, he/she would personally contact the Company directly.  GPR devices can be 
offered with 2D or 3D capabilities, with or without post-processor program.  GPR devices prices 
range from $12,000 to $32,000 approximately. 
 
 
COVERMETER DEVICES  
 
1-inch Accuracy Results Evaluation 
 
 A total of three covermeter devices were employed in this research study: Profoscope+ 
(Proceq), Profometer5+ (Proceq), and Ferroscan PS200 (Hilti). Tables 7.5 and 7.6 and Figures 7.13 
to 7.17 summarize the capability of the covermeter devices used in this research study in terms of 
locating rebar layers in concrete specimens and identifying their concrete coverage.  For each 
concrete specimen, TTI researchers evaluated the number of rebars identified by a particular 
covermeter device within 1-inch accuracy from their real location (Table 7.5).   
Also, Table 7.6 summarizes the detected rebar concrete coverage within 1-inch accuracy from their 
real value.  This means, every time the covermeter device was capable of detecting the rebar top 
concrete coverage within 1-inch accuracy from their real value, a point was awarded to the device.  
Thus, if there are 16 rebars in the longitudinal direction of the concrete specimen, the covermeter 
device can be awarded of a maximum of 16 points (this would be the case when the device detects 
within 1-inch accuracy the concrete coverage of all 16 rebars.).  
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Table 7.5.  Covermeters Results - Rebar Location. 
 
Concrete 
Reinforcement 
Specimens 

# Steel 
Bars 

Proceq 
Profoscope+ 

Proceq 
Profometer 5+ 

Hilti 
Ferroscan 

7" -Ground- 
TOP 

T: 16 16 16 16 
L: 5 4 5 5 

8" -Ground- 
TOP 

T: 16 16 16 16 
L: 5 5 5 5 

9.5" SR -Ground-
TOP 

T: 16 16 16 16 
L: 5 5 5 5 

9.5" BR -Ground - 
TOP 

T: 16 16 15 15 
L: 5 5 5 5 

8"+2" -Elevated - 
TOP 

T: 16 0 0 0 
L: 5 0 0 0 

TOTAL TOP 
T: 80 64 63 63 
L: 25 19 20 20 

 
 

Table 7.6.  Covermeters Results - Rebar Concrete Coverage. 
 
Concrete 
Reinforcement 
Specimens 

# Steel 
Bars 

Proceq 
Profoscope+ 

Proceq 
Profometer 5+ 

Hilti 
Ferroscan 

7" -Ground- 
TOP 

T: 16 16 16 16 
L: 5 5 5 5 

8" -Ground- 
TOP 

T: 16 16 16 16 
L: 5 5 5 5 

9.5" SR -Ground-
TOP 

T: 16 16 16 16 
L: 5 5 5 5 

9.5" BR -Ground - 
TOP 

T: 16 16 15 16 
L: 5 5 5 5 

8"+2" -Elevated - 
TOP 

T: 16 0 0 0 
L: 5 0 0 0 

TOTAL TOP 
T: 80 64 63 64 
L: 25 20 20 20 
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7-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.13.  Covermeters Rebar Location Results for 7-inch Thickness Reinforced Specimen - 
SUMMARY. 
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8-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.14.  Covermeters Rebar Location Results for 8-inch Thickness Reinforced Specimen - 
SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Small Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.15.  Covermeters Rebar Location Results for 9.5-inch Thickness Reinforced Specimen 
(Small Rebars) - SUMMARY. 
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9.5-inches Thickness Reinforced Specimen (Big Rebars) 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.16.  Covermeters Rebar Location Results for 9.5-inch Thickness Reinforced Specimen 
(Big Rebars) - SUMMARY. 
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10-inches Thickness Reinforced Specimen 

 

(a)  Transverse Rebars 

 

(b)  Longitudinal Rebars 
 

Figure 7.17.  Covermeters Rebar Location Results for 10-inch Thickness Reinforced Specimen - 
SUMMARY. 
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 These devices were only capable of detecting the first rebar layer for those reinforced 
concrete specimens with only 2 inches concrete coverage on the top.  One of the 8-inch thick 
specimens was covered with a layer of 2-inch asphalt, for a final specimen thickness of 10 inches.  In 
this particular case, covermeters were not capable of detecting the first layer of rebar, which had a 
concrete-asphalt coverage of 4 inches.  After carefully reviewing all results from the covermeter 
scanning of the concrete specimens, the researchers felt that all three devices had very similar 
performances. 
 
 
Ease of Use Comparison 
 
 Considering the brief experience TTI researchers had with scanning the concrete specimens 
with the three covermeters, the researchers felt all three devices had very similar mode operandi and 
can be fairly comparable about ease of use. 
 
 
Need of Training Comparison 
 
 No considerable need of training was required for use of the covermeters.  TTI researchers 
mainly had to follow some simple operating directions that can be found in the device technical 
brochure without need of external training by another operator. Considering the brief experience TTI 
researchers had with scanning the concrete specimens with the three covermeters, the researchers felt 
all three devices had very similar mode operandi and can be fairly comparable about need of 
training.   
 
 
Price Comparison 
 
 TTI researchers suggested that anyone interested in knowing the price to purchase a 
particular device, he/she should contact the Company directly.  Covermeter devices prices range 
from $2,500 to $19,000 approximately. 
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APPENDIX A:  LOUISIANA DEPARTMENT OF TRANSPORTATION 
TEMPORARY PRECAST BARRIER - F SHAPE 
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Figure A.1.  Louisiana Department of Transportation Temporary Precast Barrier - F Shape. 
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APPENDIX B:  LOUISIANA DEPARTMENT OF TRANSPORTATION 
DESIGN CRITERIA FOR CONCRETE BRIDGE DECKS 
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APPENDIX C:  STUDY OF THE POSSIBLE CONCRETE CURING TIME 
EFFECT ON GPR DEVICES REBAR LOCATOR CAPABILITIES 
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 A total of two identical reinforced specimens were built at the Roadside Safety & Physical 
Security Division at TTI for testing the influence of concrete curing time on the rebar locator 
capabilities of the ground penetrating radar devices selected.  The concrete for the first specimen was 
poured on December 20, 2011.  The concrete for the second specimen was poured on January 02, 
2012.  
  
CONCRETE SPECIMENS DESIGN - CONCRETE CURING EFFECT 
 

The specimens characteristics were the following: 
 
 Reinforced specimens are 3 ft long and 3 ft wide; 
 Total height of both decks is 8 inches; 
 Two rebar layers are included in each specimen: a first (top) layer, with 2 inches concrete 

coverage from the top and a second (bottom) layer with 1 inch concrete coverage from the 
bottom; 

 All rebars have a 5/8 inch diameter; 
 On one side, spacing between top rebars is 8 inches, and spacing between bottom rebars 

varies between 9 and 11 inches; 
 On the other side, spacing between top rebars is 6 inches, and spacing between bottom rebars 

is 7 inches; 
 Concrete blocks will be tested when supported by the ground. 

 

 Figure C.1 reports the detailed drawings for the concrete specimens.  Testing plan for GPR 
devices rebar locator capabilities evaluation with different concrete pouring time is reported below.  
Specimens were tested in two different dates:  January 18, 2012 and February 03, 2012.   
 On January 18, tests were performed with use of the following GPR devices: SS MiniHR 
Unit (GSSI), PS1000 X-Scan (Hilti), Handy Search (JRC/Proceq), and Aladdin System (IDS/Olson 
Instruments).  On February 03, tests were performed with use of the following devices: SS MiniHR 
Unit (GSSI), PS1000 X-Scan (Hilti), and Handy Search (JRC/Proceq).  On this date, the Aladdin 
System from IDS/Olson Instruments was not available for testing since the device had to be 
previously sent back to the Company under request of their representatives.   
 Tests of the specimens were performed on the same day with use of all devices to allow for 
use of each device under the same concrete curing time conditions.  On January 18, 2012, specimen 
#1 was 29 days old, and specimen #2 was 16 days old.  On February 03, 2012, specimen #1 was 45 
days old, and specimen #2 was 32 days old.   
 Tests were performed by a TTI representative at no presence of the Companies to allow 
discrete use of all devices on the same day.  Files saved from the scanning process with the GPR 
device were sent to the corresponding Company representatives who evaluated and post-processed 
the files and returned identified rebar position and concrete coverage data to TTI for completion of 
test evaluation.  Sometimes, the rebar location data obtained by the GPR device appeared to be 
consistently off of a certain value with respect to the actual position of the rebars.  The consistent 
displacement was most probably due to a different positioning of the GPR device at the beginning of 
the specimen scanning.  Thus, the TTI representative reviewed each single case to evaluate if the 
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difference between the rebar real position and the identified location by the GPR device was in fact 
due to a misplacement of the device at the beginning of the scanning.  In that case, results were 
adjusted according to the consistent displacement.  The TTI representative felt confident in 
performing this adjustment since the scope of these testing was not to evaluate accuracy of the 
devices, but instead to verify possible effects of the concrete curing time on the GPRs capability to 
identify rebars.      
 Figure C.2 shows results obtained with GPR scanning performed on slab #1 on January 18, 
2012, when the concrete curing time was 29 days.  Screenshots obtained from the GPR devices after 
slab #1 scanning on January 18 are reported in Figures C3 (for transverse rebars side) and C4 (for 
longitudinal rebars side).    
 Figure C.5 shows results obtained with GPR scanning performed on slab #2 on January 18, 
2012, when the concrete curing time was 16 days.  Screenshots obtained from the GPR devices after 
slab #2 scanning on January 18 are reported in Figures C6 (for transverse rebars side) and C7 (for 
longitudinal rebars side).    

 Figure C.8 shows results obtained with GPR scanning performed on slab #1 on February 03, 
2012, when the concrete curing time was 45 days.  Screenshots obtained from the GPR devices after 
slab #1 scanning on February 03 are reported in Figures C9 (for transverse rebars side) and C10 (for 
longitudinal rebars side).    
 Figure C.11 shows results obtained with GPR scanning performed on slab #2 on February 03, 
2012, when the concrete curing time was 32 days.  Screenshots obtained from the GPR devices after 
slab #2 scanning on February 03 are reported in Figures C12 (for transverse rebars side) and C13 
(for longitudinal rebars side).    

 Data collected suggested that the employed GPR devices are capable of detecting 5/8" 
diameter rebars with 6.375 inches of concrete coverage in a concrete specimen with curing time of 
16 days only.  Results, however, are restricted to the concrete specimen design that was chosen was 
performance of these testing.  TTI researchers do not guarantee similar GPR capabilities for testing 
performed on reinforced concrete specimens with different rebar sizes and/or rebar spacing.     
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Figure C.1.  Reinforced Concrete Specimens. 
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Testing Plan for Rebar Location with Ground Penetrating Radars - Concrete Curing Influence 
 
 
Devices Tested:.............................Ground Penetrating Radar (GPR) 

Total Specimens to Be Tested:...2 

Scope of the Test:.........................1) Evaluate possible influence of concrete curing time on rebar 
locator capabilities of the devices. Locate First and Second 
Layer of Longitudinal and Transverse Rebars (for each rebar, 
identify the distance from a specimen corner which is 
considered a reference point) 

.......................................................2)  Identify Rebar Concrete Coverage (inches) 

 

Directions for Test Completion 

1)  All specimens are tested when laying on ground;  
2)  A reference point is identified for each concrete specimen; 

3)  A TTI representative followed instructions to perform scanning of the specimen with the GPR 
device in both longitudinal and transverse directions; 

4)  Files saved from the scanning process with use of a particular GPR device were sent via email to 
the corresponding Company representative; 

5)  Each Company representative evaluated the files to assure data collection was performed 
correctly and post-processed the data received; 

6)  For each concrete specimen, post-processed position and concrete coverage for the identified top 
and bottom rebars were reported by the Companies representatives.    
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RESULTS - CONCRETE CURING EFFECT 
 
Test of January 18, 2012 
  

Slab #1: 29-day Old Reinforced Specimen (Concrete Curing Effect) 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

Figure C.2. GPR Results for Slab #1 - 8-inch Thickness Reinforced Specimen (Concrete Curing 
Effect) - Summary for January 18, 2012 Testing. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

  
Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 

Figure C.3. GPR Scanning Images for Transverse Rebars for Slab #1 taken on January 18, 2012 - 
Summary for 29-day Old Reinforced Specimen. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

  
Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 

Figure C.4. GPR Scanning Images for Longitudinal Rebars for Slab #1 taken on January 18, 2012 - 
Summary for 29-day Old Reinforced Specimen. 



209 

Slab #2: 16-day Old Reinforced Specimen (Concrete Curing Effect) 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

 
Figure C.5. GPR Results for Slab #2 - 8-inch Thickness Reinforced Specimen (Concrete Curing 

Effect) - Summary for January 18, 2012 Testing. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

  
Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 

Figure C.6. GPR Scanning Images for Transverse Rebars for Slab #2 taken on January 18, 2012 - 
Summary for 16-day Old Reinforced Specimen. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

  
Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 

Figure C.7. GPR Scanning Images for Longitudinal Rebars for Slab #2 taken on January 18, 2012 - 
Summary for 16-day Old Reinforced Specimen. 
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Test of February 03, 2012 
 
 

Slab #1: 45-day Old Reinforced Specimen (Concrete Curing Effect) 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

Figure C.8. GPR Results for Slab #1 - 8-inch Thickness Reinforced Specimen (Concrete Curing 
Effect) - Summary for February 03, 2012 Testing. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

 

N/A 

Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 
Figure C.9. GPR Scanning Images for Transverse Rebars for Slab #1 taken on February 03, 2012 - 

Summary for 45-day Old Reinforced Specimen. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

 

N/A 

Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 
Figure C.10. GPR Scanning Images for Longitudinal Rebars for Slab #1 taken on February 03, 2012 

- Summary for 45-day Old Reinforced Specimen. 
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Slab #2: 32-day Old Reinforced Specimen (Concrete Curing Effect) 

 
(a)  Transverse Rebars 

 
(b)  Longitudinal Rebars 

Figure C.11. GPR Results for Slab #2 - 8-inch Thickness Reinforced Specimen (Concrete Curing 
Effect) - Summary for February 03, 2012 Testing. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

 

N/A 

Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 
Figure C.12. GPR Scanning Images for Transverse Rebars of Slab #2 taken on February 03, 2012 - 

Summary for 32-day Old Reinforced Specimen. 
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SS MiniHR Unit (GSSI) PS1000 X-Scan (Hilti) 

 

N/A 

Handy Search (JRC/Proceq) Aladdin System (IDS/Olson Instruments) 
Figure C.13. GPR Scanning Images for Longitudinal Rebars of Slab #2 taken on February 03, 2012 

- Summary for 32-day Old Reinforced Specimen. 
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APPENDIX D:  GSSI - GROUND PENETRATING RADAR - 
STRUCTURESCANTM MINI SERIES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GSSI, 12 Industrial Way, Salem, NH 03079-4843, P: 1-603-893-1109, F: 1- 603-889-3984,  
www.geophysical.com, sales@geophysical.com  

http://www.geophysical.com/structurescanmini.htm 

http://www.geophysical.com/structurescanmini.htm
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APPENDIX E:  HILTI - COVER METER - FERROSCAN PS-200 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hilti Corporation, 9494 Schaan, Liechtenstein, P: 1-423-234-2111, F: 1-423-234-2965,  

www.hilti.com 
http://www.hilti.com/data/editorials/-12237/brochure_PS200_W3333_en.pdf 
 

http://www.hilti.com/data/editorials/-12237/brochure_PS200_W3333_en.pdf
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APPENDIX F:  HILTI - GROUND PENETRATING RADAR - PS1000 X-SCAN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hilti Corporation, 9494 Schaan, Liechtenstein, P: 1-423-234-2111, F: 1-423-234-2965,  
www.hilti.com 

http://www.hilti.com/holcom/page/module/product/prca_productdetail.jsf?lang=en&nodeId=-
450121&selProdOid=1107559 
 

http://www.hilti.com/holcom/page/module/product/prca_productdetail.jsf?lang=en&nodeId=-450121&selProdOid=1107559
http://www.hilti.com/holcom/page/module/product/prca_productdetail.jsf?lang=en&nodeId=-450121&selProdOid=1107559
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APPENDIX G:  PROCEQ - COVER METER - PROFOSCOPE+ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Proceq USA, Inc., 4217 Grove Avenue, Gurnee, IL 60031, P: 1-847-623-9570,  

Toll Free: 1-800-839-7016, F: 1-847-623-9580, www.proceq.com, info@proceq.com 
http://proceq.com/index.php?id=258&referrer=AZOMDOTCOM 

http://proceq.com/index.php?id=258&referrer=AZOMDOTCOM
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APPENDIX H:  PROCEQ - COVER METER - PROFOMETER®5+ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Proceq USA, Inc., 4217 Grove Avenue, Gurnee, IL 60031, P: 1-847-623-9570,  
Toll Free: 1-800-839-7016, F: 1-847-623-9580, www.proceq.com, info@proceq.com  

http://www.proceq.com/index.php?id=37&pqr=2&setpqr=1&L=0 
 

http://www.proceq.com/index.php?id=37&pqr=2&setpqr=1&L=0
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APPENDIX I:  JRC/PROCEQ - PORTABLE GROUND PENETRATING 
RADAR - HANDY SEARCH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Proceq USA, Inc., 4217 Grove Avenue, Gurnee, IL 60031, P: 1-847-623-9570,  

Toll Free: 1-800-839-7016, F: 1-847-623-9580, www.proceq.com, info@proceq.com 
http://www.proceq.com/fileadmin/images/products/Concrete/gpr/PQUSA_Handy_Search_100411.p
df 
 

http://www.proceq.com/fileadmin/images/products/Concrete/gpr/PQUSA_Handy_Search_100411.pdf
http://www.proceq.com/fileadmin/images/products/Concrete/gpr/PQUSA_Handy_Search_100411.pdf
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APPENDIX J:  OLSON ENGINEERING, INC. - GROUND PENETRATING 
RADAR - ALADDIN SYSTEM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Olson Instruments, Inc., 12401 West 49th Avenue, Wheat Ridge, CO 80033, P: 1- 303-423-1212, 
F: 1-303-423-6071, www.olsonengineering.com, www.olsonengineering.com 
http://www.olsoninstruments.com/pdf_downloads/Aladdin_Olson_WEB(8.5x11).pdf 
 

http://www.olsoninstruments.com/pdf_downloads/Aladdin_Olson_WEB(8.5x11).pdf


266 

 



267 

 



268 

 



269 

 


	Report No. 405160-32
	Disclaimer
	Technical Report Documentation Page
	Acknowledgments
	Roadside Safety Research Pooled Fund Committee

	CHAPTER 1.  INTRODUCTION
	INTRODUCTION
	BACKGROUND
	OBJECTIVES / SCOPE OF RESEARCH

	CHAPTER 2.  REBAR LOCATOR TECHNIQUES
	NUCLEAR METHODS
	Direct Transmission Radiometry for Density
	Radiography

	MAGNETIC METHODS
	Covermeters
	Eddy-current meters


	GROUND PENETRATING RADAR METHOD

	CHAPTER 3.  IDENTIFICATION OF AVAILABLE REBAR LOCATOR DEVICES
	CHAPTER 4.  REINFORCED CONCRETE SLABS TESTING
	CONCRETE SPECIMENS DESIGN
	Testing Plan for Rebar Location with Covermeters
	Testing Plan for Rebar Location with Ground Penetrating Radars


	CHAPTER 5.  RESULTS
	GROUND PENETRATING RADAR RESULTS
	GSSI Results
	On-Site Rebars GSSI Detection
	Post-Processed GSSI Rebars Detection

	HILTI Results
	On-Site Rebars Hilti Detection
	Post-Processed Hilti Rebars Detection

	JRC/Proceq Results
	On-Site Rebars JRC/Proceq Detection
	Post-Processed JRC/Proceq Rebars Detection

	IDS/Olson Instruments Results
	On-Site Rebars IDS/Olson Instruments Detection0F
	Post-Processed Olson Engineering Rebars Detection


	COVERMETERS RESULTS
	Proceq (Profoscope+)
	Proceq (Profometer 5+)
	Hilti (Ferroscan PS200)


	CHAPTER 6.  SUMMARY
	GPR DEVICES
	On-Site Rebars Detection
	Comments
	Post-Processed Rebars Detection
	Comments

	COVERMETER DEVICES
	Rebar Size Detection
	Comments


	CHAPTER 7.  CONCLUSIONS AND IMPLEMENTATION
	GPR DEVICES
	1-inch Accuracy Results Evaluation
	On-Site Accuracy Comparison
	Post-Processed Accuracy Comparison

	Ease of Use Comparison
	Need of Training Comparison
	Price Comparison

	COVERMETER DEVICES
	1-inch Accuracy Results Evaluation
	Ease of Use Comparison
	Need of Training Comparison
	Price Comparison


	REFERENCES
	APPENDIX A:  LOUISIANA DEPARTMENT OF TRANSPORTATION TEMPORARY PRECAST BARRIER - F SHAPE
	APPENDIX B:  LOUISIANA DEPARTMENT OF TRANSPORTATION DESIGN CRITERIA FOR CONCRETE BRIDGE DECKS
	APPENDIX C:  STUDY OF THE POSSIBLE CONCRETE CURING TIME EFFECT ON GPR DEVICES REBAR LOCATOR CAPABILITIES
	CONCRETE SPECIMENS DESIGN - CONCRETE CURING EFFECT
	Testing Plan for Rebar Location with Ground Penetrating Radars - Concrete Curing Influence

	RESULTS - CONCRETE CURING EFFECT
	Test of January 18, 2012
	Test of February 03, 2012


	APPENDIX D:  GSSI - GROUND PENETRATING RADAR - STRUCTURESCANTM MINI SERIES
	APPENDIX E:  HILTI - COVER METER - FERROSCAN PS-200
	APPENDIX F:  HILTI - GROUND PENETRATING RADAR - PS1000 X-SCAN
	APPENDIX G:  PROCEQ - COVER METER - PROFOSCOPE+
	APPENDIX H:  PROCEQ - COVER METER - PROFOMETER®5+
	APPENDIX I:  JRC/PROCEQ - PORTABLE GROUND PENETRATING RADAR - HANDY SEARCH
	APPENDIX J:  OLSON ENGINEERING, INC. - GROUND PENETRATING RADAR - ALADDIN SYSTEM


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




