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Abstract 
 

Gamma ray CT scans were performed on several samples of concrete. The result shows images of rebar within 
the concrete, and able to detect odd-shapes and rebar positions. Image resolution and scan time remain a 
challenge for the CT system. 
 

Abstrak 
 

Kertaskerja ini melaporkan hasil imabasan tomografi berkomputer sinar gamma untuk sampel konkrit. Keputusan 
imabasan menunjukkan kedudukan tetulang besi dalam konkrit dan boleh menghasilkan semula imej yang 
berbentuk abstrak.         
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INTRODUCTION 
 

Gamma ray computed tomography (CT) is an imaging technique that combines the knowledge of penetrative 
powers of ionizing radiation, beam attenuation in material and tomography mathematics to visualize the internals 
of an object. The cross sectional view of an object is called a CT image. CT images reveal the objects’ structure, 
density, internal defects, and these are evaluated and analyzed according the users’ area of interest. CT scan is a 
convenient tool to employ for non-invasive investigations. Through works of Abdullah et al., Suzuki et al. Simon 
et al., Elliot et al., Sipaun et al.., CT has been used in material and component characterization for automotive 
parts, resin structure in agarwood, archeological artefacts as well as in geotechnical studies and civil engineering 
infrastructure. Objects of any shape or material can be inspected with a gamma ray CT scanner without damaging 
or modifying the objects. CT provides information about the density and composition of materials within the 
object. It can be used for inspection, to detect anomalies, to confirm dimensions as well as applied in reverse 
engineering work to reproduce parts. 
 
The most common defects present in concrete structures are internal cracks, voids, dimensional deviations, 
honeycomb and excessive pinholes. Among possible causes of defects are poor concrete compaction, rebar 
congestion, insufficient concrete strength, Suzuki et al. works suggest that rich information from 2D and 3D CT 
images could help the engineer make the right decisions on deterioration of mechanical properties and 
performance of concrete building structures. Preliminary work has been carried out to obtain CT scanning 
parameters for civil engineering applications. This paper discusses images obtained from CT scans of several 
concrete samples with densities between 2.0 and 2.6 gcm-3. 
 
Computed tomography  

 
When a beam of gamma ray penetrates a material, the intensity of the beam will be reduced through photoelectric 
effect and Compton scattering. Material of different densities and composition attenuates the incident beam, and 
this interaction is described in equation (1). 
 
I = Io e-μx     (1) 
 
   where Io = intensity of incident beam 
  I = intensity of transmitted beam 
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  μ = linear attenuation coefficient 
  x = sample thickness 
 
 
Figure 1 illustrates gamma ray beam going through an inhomogeneous material and equation 2 gives the relation 
of the measured transmission ratio. The ratio corresponds to the sum of the attenuation coefficients multiplied by 
the corresponding path length of all the elements where the ray traverses. The linear attenuation coefficient, μ for 
gamma rays is dependent on the given energy, material density and its atomic number. Sipaun et al. reported on 
the use of X-ray CT to trace cracks in a ceramic pot, and differentiate ceramic and metal material through the 
contrasting shades of black and white. Abdullah et al. suggested that the CT technique can also be used to study 
archeological artefacts. Yazid et al. worked on analysis of agarwood resin through micro computed tomographic 
images as well as in conjunction with scanning electron microscope images.    

 

 
Fig.1: -ray transmission through material 

 
 
 
 
ln (Io /I) = μ(x-x’) + μ’x’  (2) 
 

 
Kak and Slaney showed that a CT image or tomogram is derived from the distribution map of linear attenuation 
coefficient. The idea of image reconstruction can be easily described using the parallel beam geometry where the 
gamma ray and detector move synchronously along a plane, to collect projection data. With measurements taken 
from a series of different projection angles, CT image reconstruction can be made quite efficiently. Projection, 
P (t) is defined as a collection of line integrals through the object along path length, s and at a fixed angle, . 
When taken for all  and t, P (t) gives the Radon transform of object function, f (x, y). Function f (x, y) that defines 
the object’s parameters is derived from the distribution of linear attenuation coefficients, μ(x, y). CT image 
reconstruction is derived by resolving the object function from a set of projection measurements P (t).            
                                                                                                                                                                                                                  

 
P (t)  = s f (x, y) ds   (3)         
 
   

 
MATERIALS AND METHODS 

 
A portable gamma ray CT scanner, “GammaSpider”, was developed by Abdullah et al. at the Malaysian Nuclear 
Agency. The GammaSpider was developed for pipeline inspection and for pipe diameters not more than 50cm. In 
this work, it was used to scan several concrete blocks (Table 1). The interlock concrete blocks are samples from 
shielding blocks specially designed for use at radiographic exposure rooms. The CT scanner consists of a clamped 
on mechanical gantry, a 1” x 1” NaI (Tl) scintillation detector, 11mCi Ba-133 source, 15mm x 5mm lead 
collimators and Ludlum scaler ratemeter. The scanner is equipped with a dedicated data acquisition and image 
reconstruction software that uses filtered back projection algorithm. The sample was placed in the middle of the 
gantry, where the centre of rotation is located. Scan parameters were set according to the sample sizes. Scanning 
length was set at 40cm for interlock concrete samples, and 26cm for the square blocks. Scan time is the time taken 
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to complete data acquisition. CT data is obtained from a combination translate-rotate motion of the mechanical 
gantry; translation length 0 to 26cm (40cm) and rotation 0 to 180°. CT image is reconstructed immediately after 
the scan is completed.  
 

Table 1. Materials and scan parameters 
 

 
Sample type Density 

(g/cm3) 
Mass (kg) Scan time (hr) Translation 

interval (mm) 
Rotation 
interval (°) 

Interlock A (I-A) 2.3 16.3 5.0 5.0 5 

Interlock B (I-B) 2.6 17.6 5.0 5.0 5 

Interlock C (I-C) 2.1 14.3 5.0 5.0 5 

Square block 1 (SB1) 2.4 8.1 6.5 2.5 5 

Square block 2 (SB2) 2.4 8.1 6.5 2.5 5 

Square block 3 (SB3) 2.4 8.1 6.5 2.5 5 

 
 

 
 

Figure 2. Image of (i) Square blocks 1, 2 and 3 (with 9mm rebar rods), and (ii) Interlock concrete A, B and 
C 

 
 

RESULTS AND DISCUSSION 
 

This dedicated gamma CT system uses a single source and single detector setup. The main constraint would be 
the scan time. Compared to medical CT scanners (e.g. 320 detector rows), the scan times for GammaSpider (1 
detector) takes hours instead of minutes. Scan results for the concrete samples are shown in figures 3 and 4. Images 
produced suggest that the CT system’s image performance is influenced by several factors; motion accuracies, 
experimental setup for centre of rotation, scan setup, and noise. 

 
       
 
 
 
 

 
 
 
 
 
 

Figure 3. CT images of square blocks 1, 2 and 3 
 
In figure 3, both concrete and rebar rods can be clearly seen as well as the location of bars within the blocks. 
Placement of the rebar rods can be seen to be off-centre, therefore CT images can reveal the internals of the 

1 2 3 
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concrete blocks. Square shape of the concrete block and round shape of rebar rod are clearly seen in the cross 
sectional image. In figure 4, images suggest that the CT system could accurately reconstruct odd-shapes objects 
such as the interlock concrete. The curves, lines and concave shapes are clearly seen, however, the CT images 
produced are ‘noisy’ where streaks and dots are found in the periphery of the object’s image. This noise appears 
to either include additional gamma ray path lengths in the resulting CT image that arise from short counting time 
or face system synchronization issues. Compared to X-ray results by Suzuki et. al., X-ray CT images are much 
sharper than the Gamma Spider CT images due to the difference in detector size and number of detectors used. 
Further tests need to be done to reduce noise as well as enhance the CT system’s ability to cope with abstract 
shapes.  

   

 
 

Figure 4. CT images for interlock concrete A, B and C 
  

 
CONCLUSION 

 
The portable gamma ray CT scanner, GammaSpider, was used to scan several concrete samples. This work is 
intended to test out the systems’ ability to scan odd-shaped concrete samples as well as mixed density materials. 
CT images were obtained for both interlock concrete samples and square blocks with rebar rods with good shape 
identification. Additional tests and parameters need to be carried out to improve the system’s performance for 
civil engineering applications. 
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