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A ferritic steel deformed-bar with 12.7 mm in a nominal diameter was embedded in a rectangular concrete with 

the size of 50×50×130mm. In order to visualize the internal deformation of concrete around the embedded rebar,

the cement paste markers involving 34 wt% Gd2O3 powder (hereafter called “Gd marker”) with the size between 

0.6 and 1.7 mm were two-dimensionally dispersed around rebar, to be covered with 15 % area of the concrete 

placing surface. The RC specimen was demolded 72 hours after placing, and then cured in water for 7 days. 

After that, it was placed in a constant temperature (20±1 oC) and humidity (60±5 RH%) room for 24 hours. In

order to reduce water in concrete that causes neutron attenuation by hydrogen, the RC specimen after curing 

process described above was dried at 60 oC for 4 days before the neutron experiment.

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

The RC specimen mounted on the loading device was set up on a sample stage of BL22, RADEN. The L/D 

ratio was set to be 1000. The incident neutrons scattered and absorbed by a sample are taken by a cooled CCD 

camera after converting to visible rays by a scintillator. Total four images were taken in 15 minute in an exposure 

time at the same measurement configuration. The distance between the scintillator and the sample edge was set 

to be 200 mm so as to reduce an influence of scattering from the sample. The resolution of the transmission 

image was 2048×2048 pixels (16bit), and a spatial resolution was approximately equivalent to 50 μm/pixel. 

Figure 1 shows a neutron transmission image of the RC specimen taken in 15 minutes by RADEN. The Gd 

markers dispersed in concrete can be observed in the image clearly. The rectangle dark area at the bottom of the 

center of the image represents the PVC pipe fitted in rebar to make an un-bonded region. In addition, the image 

contrast between concrete matrix and the embedded rebar can be observed as well.



Experimental method and results (continued) 

The analytical condition was, at first, optimized by evaluating the displacement of the Gd marker image as a 

function of a travel distance of the sample stage, in order to determine the position of the Gd marker on the 

transmission image accurately. The position of the Gd marker image in the neutron transmission image of the RC 

specimen was evaluated at each position by the image analysis technique using an open source image processing 

program, ImageJ 1.51n. The transmission images were taken at 0.0 mm, 0.1 mm, 0.2 mm, 0.3 mm, 0.31 mm, 

0.33 mm, 0.36 mm and 0.4 mm from the original position in the vertical. 

Displacement of the Gd marker image was evaluated by a change in the position of the marker as a function of 

a travel distance of the vertical sample stage. As shown in Figure 1, the displacement of the marker from the 

initial position was successfully evaluated within approximately ±0.1 mm accuracy by the image analysis for 

selected markers with higher contrast and circularity. 

 Furthermore, concrete deformation under pull-out loading to the embedded rebar was evaluated by the same 

way, and its reaction compressive deformation on the concrete part was successfully observed by analyzing the 

displacement of the markers. The results obtained in this study bring beneficial knowledge that the measurement 

accuracy of the marker displacement can be improved more by choosing a spherical shape of the marker and by 

increasing the contrast of the marker. 

 

 

 

Figure 1. Transmission image of reinforced 
concrete with Gd markers. 

Figure 2. The relation between the marker 
displacement and the stage displacement. 




