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Determination of Density and Water Status of Selected Wood Samples
Using Gamma Ray Attenuation Technique
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Abstract
Due to availability and particular features, wood was one of the first materials used by
mankind with a wide variety of applications. The main purpose of this research paper is to
study important facts of wood sample based on the gamma ray attenuation technique. In this
present research, measurements with three different kinds of wood samples were performed
by using Nal (TI) detector connected to MCA and a radioactive source of energy 0.662 MeV
obtained from Cs-137 (5uCi, 30.07 yrs) at Experimental Nuclear Laboratory, Mandalay
University. In this study, there are three parts of the experimental work. Firstly, selected
wood samples (Kyun, Pyinkado and In) were measured with different thicknesses and
analyzed with Gamma Vision 32 software to calculate the linear and mass attenuation
coefficients, half value thickness and mean free path as the radiation absorption behaviors.
Secondly, the relation between the percentage of water content and the percentage of the
fractional changes in linear attenuation coefficients was investigated. The preliminary
experiments have also done to understand the variation of water contents and attenuation
coefficients of wood samples. Finally, the density obtained (i) by using the conventional
method; (ii) at 6% moisture level and (iii) by using the nuclear attenuation method was
calculated and compared. The measured and calculated results for the investigated samples
were illustrated in tables and figures.
Keywords: Attenuation coefficient, woods, Cs-137 radioactive source, water, Nal (TI)
detector

Introduction
In Industrial radiography, gamma radiation is used to inspect metal parts and welds for
defects. Gamma radiations are used for measuring viscosity, density and thickness in
conditions where other methods would be difficult or impossible to apply. The study of
absorption of x-ray and gamma radiation through different materials is of wide interest in
industrial, medical and agricultural fields. The x-rays and gamma radiations can penetrate
solid materials.
Wood is a natural product of the growth of trees. Wood is still essential to human life, but has
evolved over the ages from a simple, readily available natural material to a modern industrial
and engineering material, with a unique ability to contribute to human life both as a useful
material and as a key element in the natural world of the forest.
In the present paper, the theory of the used method was discussed and the method of
determination of density and water content in wood samples by attenuation of a collimated
monoenergetic beam of gamma radiation was also presented.

Theoretical Background
The attenuation of gamma radiation is due to the effect of all the energy exchange mechanism
such as photoelectric effect, pair production and Compton Effect. When gamma radiation of
intensity Iy is incident on a material of thickness X, the attenuation of the gamma radiation by
the material is given by the relationship:

| = lpe™ and —  — , Xy=In2/u, mfp = 1/p (1)

P
where, X1/» = half value thickness of the material, | = transmitted intensity of gamma radiation
pand py = linear and mass attenuation coefficients, p = the density of the material
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The water content = (———) 2

The % of fractional change in linear attenuation ~ (=—2¥) 100% (3)
dry

- (4)

where, p uy = the density at U% water content, m = mass obtained in the oven tests,
mfp = mean free path
The density obtained from the nuclear method, p _— - (5)

The density obtained at 6% water content, p p

MATERIALS AND METHODS

Sample Collection and Preparation

In this investigation, three kinds of wood samples S-1 (Kyun, Tectona grandis), S-2
(Pyinkado, Xylia dolobriformis) and S-3 (In, Dipterocarpus tuberculatua) were collected from
the Sawmill, Amarapura Township, Mandalay Region. For wet samples, wood samples of
each species were completely dipped in water about for one week, i.e., till its wet weight
stopped increasing. The dimension (7cm x 7cm) of wet and dry wood samples of each species
were prepared and selected considering the following characteristics: finish, uniformity of
size and absence of defects. All samples were precisely measured by using Digital balance
and Vernier Caliper and these data were recorded.

Experimental Set Up and Procedure

The gamma rays were obtained from Cs-137 (5uCi) radioactive source with the energy 0.662
MeV having half-life of 30.07 years and the measurements were performed by using a
gamma spectrometer which contains Nal (TI) scintillation detector connected to MCA. The
source-absorber-detector geometry was centrally aligned. Source to detector distance was
fixed 12 cm and counting time 600s in the whole of research. Firstly, the dry wood samples
(S-1) were inserted between the source and detector. The spectrum of Cs-137 source was
acquired and recorded for 600s at this research. This experiment was continuously measured
by using various thicknesses of samples. The overview of the measurement arrangement for
detection system was shown in figure (1).

Secondly, the measurements were performed for completely wet samples (S-1) as the same
experimental set up of dry wood measurement and then the wet samples were exposed to
heating (100°C) by placing them in an electric oven for 10 minutes. The measurements were
again performed after this exposure to calculate the water content of the samples. The above
procedure was repeated for some duration till the samples attained their oven dried state. The
same working procedure was followed for the wet samples (S-2) and (S-3). So, the second
section deals with the determination of linear attenuation coefficient and water content for
wood samples.

Figure (1) The measurement arrangement of the wood sample
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Results and Discussion

The recorded spectra were analyzed with Gamma Vision 32 software. For the first part, the
calculated density, linear and mass attenuation coefficient, half thickness value and mean free
path of wood samples were shown in Tables (1) to (4). From these table results, some
radiation absorption characteristics of wood samples were plotted in graphical form (2) and
(3). Results show that linear attenuation coefficient increases in density. As a result of high
attenuation coefficient, Pyinkado is considered as a very good absorber and a good material
for shielding gamma-rays amongst other woods collected. It can also be seen that Pyinkado
has the lowest half value layer and Kyun has the highest half value layer and the lowest
attenuation coefficient.

Secondly, the variation of the water content of samples and linear attenuation coefficients
was shown in Table (5). From these tables, the variation of water content and linear
attenuation coefficient was illustrated in Figures (4) to (6). The value of water percentage
from the oven test for each kind of wood and the fractional change in linear attenuation
coefficient was shown in Table (6). Finally, the densities obtained using three different
methods were compared in Table (7).

Table (1) Calculated results of density, linear and mass attenuation coefficient, half thickness
value and mean free path of dry Wood sample (S-1)

Sr. Thickness Density Linear Attenuation Mass Attenuation Half Thickness Mean Free
No (cm) (gem™) Coefficient (cm™) Coefficient(cm?/g) Value (cm) Path (cm)
1 111 0.7419 0.0622 0.0838 11.1438 16.0772
2 2.15 0.7342 0.0614 0.0836 11.2890 16.2866
3 3.26 0.7368 0.0623 0.0846 11.1259 16.0514
4 4.30 0.7141 0.0582 0.0815 11.9097 17.1821
5 5.41 0.7198 0.0593 0.0824 11.6888 16.8634
6 6.34 0.7147 0.0579 0.0810 11.9715 17.2712
7 7.45 0.7187 0.0582 0.0810 11.9097 17.1821
8 8.48 0.7216 0.0576 0.0798 12.0338 17.3611
9 9.59 0.7239 0.0583 0.0805 11.8893 17.1527
10 10.60 0.7194 0.0580 0.0806 11.9508 17.2414

Average 0.7245 0.0593 0.0818 11.6912 16.8634
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Table (2) Calculated results of density, linear and mass attenuation coefficient, half thickness
value and mean free path of dry Wood sample (S-2)

Sr. [ Thickness Density Linear Attenuation Mass Attenuation Half Thickness Mean Free
No (cm) (gem™) Coefficient (cm™) Coefficient(cm?/g) Value (cm) Path (cm)
1 1.06 0.9908 0.0813 0.0821 8.5258 12.3001
2 2.16 1.0679 0.0834 0.0781 8.3111 11.9904
3 3.22 1.0425 0.0793 0.0761 8.7408 12.6103
4 4.32 1.0812 0.0852 0.0788 8.1355 11.7371
5 5.38 1.0634 0.0865 0.0813 8.0133 11.5607
6 6.47 1.0768 0.0884 0.0821 7.8410 11.3122
7 7.53 1.0647 0.0840 0.0789 8.2518 11.9048
8 8.51 1.0748 0.0844 0.0785 8.2126 11.8483
9 9.57 1.0655 0.0828 0.0777 8.3713 12.0773
10 10.60 1.0893 0.0849 0.0779 8.1643 11.7786
Average 1.0617 0.0840 0.0791 8.2518 11.9048

Table (3) Calculated results of density, linear and mass attenuation coefficient, half thickness
value and mean free path of dry Wood sample (S-3)

Sr. | Thickness Density Linear Attenuation Mass Attenuation HalfThickness | Mean Free
No (cm) (gem™) Coefficient (cm™) Coefficient(cm?/g) Value (cm) Path (cm)
1 1.10 0.7387 0.0647 0.0876 10.7132 15.4559
2 2.15 0.7299 0.0587 0.0804 11.8083 17.0358
3 3.25 0.7329 0.0583 0.0795 11.8893 17.1527
4 4.26 0.7418 0.0603 0.0813 11.4949 16.5837
5 5.36 0.7411 0.0594 0.0802 11.6691 16.8350
6 6.37 0.7500 0.0610 0.0813 11.3631 16.3934
7 7.47 0.7483 0.0586 0.0783 11.8285 17.0648
8 8.51 0.7506 0.0612 0.0815 11.3259 16.3399
9 9.61 0.7493 0.0617 0.0823 11.2342 16.2075
10 10.60 0.7579 0.0599 0.0790 115717 16.6945
Average 0.7441 0.0604 0.0812 11.4898 16.5763
Table (4) A comparison of gamma absorption characteristics of wood samples
Linear Mass Half Mean
Sr. | Sample Density Attenuation Attenuation | Thickness | Free Path
No Code (gcm™) Coefficient Coefficient Value (cm)
(cm™) (cm?/g) (cm)
1 S-1 0.7245 0.0593 0.0818 11.6912 16.8634
2 S-2 1.0617 0.0840 0.0791 8.2518 11.9048
3 S-3 0.7441 0.0604 0.0812 11.4898 16.5763
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Table (5) The variation of the water content of Sample (S-1), (S-2) and (S-3)
Sample | Weight of wet sample | Linear Attenuation Coefficient of Water
Name (Mwet)(9) wet sample (Hwe)(cm™) Content (%)
69.47 0.0661 38.55
S-1 62.75 0.0625 25.15
55.48 0.0525 10.65
51.89 0.0524 3.49
93.48 0.0898 12.65
S-2 90.22 0.0880 8.72
86.22 0.0819 3.90
83.37 0.0806 0.47
89.87 0.0589 17.23
s-3 80.47 0.0528 4.97
78.29 0.0526 2.12
77.24 0.0491 0.76
Table (6) The comparison between the fractional change linear attenuation coefficient and the
water content of sample (S-1), (S-2) and (S-3)
5 - .
Sample Water Linear Attenuation Coefficient & of_fractlonal chgnge n
Name Content of wet sample (Lue)) (M) linear attenuation
(%) e coefficient(%)
38.55 0.0661 41.54
S-1 25.15 0.0625 33.83
10.65 0.0525 12.42
3.49 0.0524 12.21
12.65 0.0898 14.39
S 8.72 0.0880 12.10
3.90 0.0819 4.33
0.47 0.0806 2.68
17.23 0.0589 23.48
s-3 4.97 0.0528 10.69
2.12 0.0526 10.27
0.76 0.0491 2.94
Table (7) The comparison of densities obtained using three different methods
Sr. Sample Density obtained from Density obtained at 6% Density obtained from
No Code Conventional Method moisture level Nuclear Method
1 S-1 0.5924 0.5675 0.6415
2 S-2 1.0813 1.0542 1.1129
3 S-3 0.7376 0.7000 0.7492
- B Density 18 - ® Density
m Linear Attenuation 16
1 Coefficient 14 4 ® Linear
Mass Attenuation Attenuation
0.8 Coefficient 12 Coefficlent
10 4 ' Mass
0.6 g 4 Attenuation
Coefficient
0.4 6 1 ® Half
4 Thickness
0.2 - 2 Value
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Figure (2) A comparison of gamma attenuation

coefficients with densities of wood samples

Figure (3) A comparison of gamma absorption
characteristics of wood samples
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Figure (4) The variation of the water content of

Sample (S-1) with linear attenuation coefficient

Figure (5)The variation of the water content of

Sample (S-2) with linear attenuation coefficient
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Figure (6) The variation of the water content of

Sample (S-3) with linear attenuation coefficient
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Conclusion

It is observed that variation of linear and mass attenuation coefficients depends on
density of material. As a result of high attenuation coefficient, Pyinkado is considered as a
very good absorber and a good material for shielding gamma-rays amongst other woods
collected. It can also be seen that Pyinkado has the lowest half value layer and Kyun has the
highest half value layer and the lowest attenuation coefficient. The lowest half value layer of
wood has the highest attenuation ability, this implies a good absorber of radiation and the
highest half value layer of wood has the lowest attenuation ability, this implies the wood is a
bad absorber of radiation. It can be found that the best attenuation behavior of the wood
sample must have the highest attenuation coefficient, the highest density and the lowest half
value layer and the lowest mean free path. And then, it is found that linear attenuation
coefficient increases as the water content of wood sample increases. This important factor
should be included for radiation shielding to be used the wood as the building materials.
Moreover, the value of the percentage of fractional change in linear attenuation coefficient
was found to be very close to the value of water content of three different wood samples.
This is the relationship drawn from this present work. The percentage differences between (i)
the densities obtained from the conventional method and at 6% moisture level and (ii)
densities obtained from the conventional and nuclear method were (4.3%) and (7.6%) for
kyun. Similarly, the percentage differences for values of densities were (2.6%), (2.8%) for
Pyinkado and (5.3%), (1.6%) for In.
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