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ABSTRACT

study, the photon exposure transmission factors
DMM(PB) togeﬂ.ler with granite (GPC_160) and Polyboron (C+PB) laminated concrete wall structures i
for photons in therapeutic energy range (15keV to 3MeV). The TF were calculated using values of b
M coefficients (MAC) and expos\!re.bmldup factors for the six materials using WinXCom and EXA;?IC:’;
l““’“mcodes espectively. The Tmm@ssxon factors and their variations
vac i md ’l'he obtained rf:sult showet.i that MAC, LAC and mfp strongly depends on the
sterials  chemical composition and denSfty of the shielding materials and thus for single materials plaster
ﬂ‘“_ EY value of MAC across the energies due to its high Zeq ’
pdﬂl’ h‘ghl ower Transmission factor, GPC_160 attenuates
celatively 10%€ ated walls for the considered energy range..

-ds: Buildup factor, EXABCal, Granite, Shielding, Exposure transmission factor, Polyboron.
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with photon energy and thickness of
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photons better than the conventional concrete and
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10 mﬁ,‘:&i (IR) have applications in medicine
fiee g is and therapeutic purposes); environmental
(f“m. agriculture and food processing;
axcheological and cultural preservation; radio-tracing in
A ies: ultrasonic crack verifications in metallic
mdum . and electricity production via nuclear reactors
% the benefits derived from these
[1ﬂhmm uncontrolled exposure of man and the non-
;gnm biota to IR could be hazardous depending on the
ﬁe’vdﬂf exposure. Over exposure of ionizing radiation
wﬂd result from procedural or unregulated applications
"-« radiation and nuclear accidents. However, the
re could be made low through the use of
tctural shield. Buildings where radiation facilities are
 be operated require special architectural design to
rovi pre‘fecﬁnnagainstpt:lsolicited radiation exposure
nd the buildings. Materials with good shielding
ceters must be considered for such construction
ing on the dose allowed outside the shield and
of interest. cases there may be need to
g ordinary building to radiographic centre
) ] room or an equipment
workers on an emergency or
ngs require extra shielding

| function was not for
Jother case emergency shelter

shielding as may be required without having to pull
down and reconstruct such buildings.

One of the ways to improve the shiélding capacity of
existing structures is to laminate their walls with a
material having superior shielding parameters.

In recent years the photon interaction coefficients of
structural materials such as clay, marbles, desert sand,
granites, Polyboron, concrete, pure polyethylene,
borated polyethylene have been investigated [12-18].

In the present, work we evaluate the photon transfer
factors (TF) of granite, Polyboron (PB), ordinary
concrete, granite and PB laminated walls. The TF were
calculated from their respective mass attenuation
coefficients and exposure buildup factors for photon
energies between 15 keV and 3 MeV.

Theory on the Study

2.1 Mass Attenuation Coefficient

When a beam of monochromatic photons is incident on
a thin absorbing medium of mass thickness t, the
intensity is reduced on emerging from the medium
according to the equation:

I=l,eHmt )

Where [, I, and p,are respectively the transmitted
(attenuated), incident photon densities and the mass



he buildup factor correction
equation 6 is required.
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. in and dictate
producti interaction mode begins to set 10 3
the-behavior of MAC. Since the _c::lfﬁi:’cntm:;n e
producti oefficient is proportior <vel
atomi: :1::1bcer, higher Z materials will have relatively
higher MAC as shown in Figure 2

.2 Exposure Buildup Factor _(EBF) y
?"igu!e 3 (a-d) shows the variation of exposure buildup

i ths 5,
ors for selected single materials at mean .ﬁeepa.
{7)‘:(15, 20, 25 and 30. 'l'hcgenmlt_:md:s consxste::
across all samples as explained for Figure 2 ghflmﬂ:e
seen that the lowest buildup is seen in Smfp elc
hfgﬁtb“ﬂdupoccmsaﬁ()mfpforeachof‘ﬂles;n;p;d;

This is because buildup factor is a function 0

and depth. The larger the depth of g .
‘e:mergym" 50 paths;po sslb‘le and thus by imPlicaaI;i:;h 4
more buildup possible especially in the range o enc;n'
dominated by Compton scattering. In Figyr, 3 lﬁy
photoelectric effect dominated region shows very “ttlc
prominence as the Compton scattering seqs io almo:
immediately. Furthermore, Polyboron has. p, larges:
buildup factors in relation to the Temaining Matengy
which is probably due to its low Z. since high 7
materials have a higher potential of Temoving Photon:
by absorption [26] while for the same Teason, plagte,
(high Zcg) has the lowest _bu}ldup factor which can Jegg
to the conclusion that Z, is inversely proportions] 1, e
buildup factor at these considered depths.

Table 2: Elemental Composition of granite, plaster, concrete, polyboron and their densitics
a .
emen: laster Concrete (2.35) Granite (2.63) Polyboron (0.971) ——
Element Plaster (1.52) et i
= g ey eeee 59.88
= 68 46.26 2285
498
r? b 171 1.703 .
Mg 06 0.26 G
Al 62 457 0.53 i
si 30.1 3151 <
P i - 0.044 s
s Iy 0.13 - -1
K Lo 1.92 1.743 iy
Ca 11.4 8.27 (2
T s pd 0.12 s
Mn —_— . 0.077 i)
Fe 49 123 2.45 .
B = e e 4.89

3.3 Transmission Factor

The transmission factor of granite, concrete, plaster and
Polyboron as single materials evaluated using equation 8
showed varying with thickness (Figure 4 (a-c)). The
thicknesses used ranged from 5 to 30cm while the
energies considered are 0.2, 0.4md0.6MeVs.'Ihettend
shows a sharp decrease with the increase in thickness of
mmialsanﬂseeingﬂntmﬁssionfactordepends-on
both the energy of the incident photon and the shield
fﬁﬁhﬂgﬂut@dkae@mh{ovingamﬁom
A‘toic.hteismmnthemnmﬁssimfacuas
uswmmmmmmmmon
Sctne follow il ond

5 ‘Granite< Concrete ~<M<Polybm

correction of transmission factors is usually used to
adapt ideal situations with the real life applications in
which case, there is usually some amount of buildups.
Thus using equation 9, the Exposure  transmission
factors of the afore-listed materials have been
ascertained and plotted for these same thicknesses
(Figure 5). The energies considered are 0.6MeV, 1Mey,
2MeV and 3.0MeV. The -€Xposure transmission factors
showed a less sharp decrease with thickness especially
for concrete, granites and plaster while Polyboron shows
a rather linear decrease with thickness for the chosen
energies except for 0.6MeV.

Figure 6 shows the Exposure Buildup factors of three
m@ terials (two composite and one single). Buildup
factors changes generally in the same trend with energy
regardless of the material type or depth being
considered. In a general sense, they are lower at lower
and higher energies but rise and artains peaks at
intermediate energies [21]. These peaks vary with
energy spectrum. This behavior can be understood
 using the three interaction modes which are known

material and Ppenetration depth in consideration across




mm Tange. The

the photoelecu-ic,

beam thereby Preventing

at these energies. This explains

as this energy range. The Overlap g
this region can be attributed to the

complete/direct absorption of these photons.

shows the transmission factor of GPC_160,
for a more real life s-enariop (Bad

the transmission facto: -4 simply
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= 3 stead: 5
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PP i due ® the fact that during  fye g 0T
scattering, there is simply multiple scattering i

ultimately represen(
C+PB corrected with buildup factor, This 4 %

‘ ; capacities of
energy (1.022MeV), the buildup starts to shown b equati
become low because the pair production at : el

east

a . 2.0MeV where CB dropped
be inferred from these v 25 that an that of concrete and GPC_160.

ced forconcretesascomparedto mlml.e dmbm"?eaﬂhse - i

the transmission factor bemg

7 dependemonbothcncrgy inci ickness

ISIOVES complctely the photons from the  of 3 materi] shield is us::ill;cll:vevn 3"}327;‘“‘ - and
beam [21]. incrases with cnergy s

€nergy increase due to more Ppenetration of
a shield with Jess transmission
a better shield and in this case,
transmission factor to about
in its transmission factor below

Tabl: 3.2+ “eq Data for some selected materials
C+PB CONCRETE PLASTER GRANITE PB
12.14 12.86 14.01 12.63 6.12
12.28 12.97 14.17 12.74 6.15
13.1 14.36 12.87 6.18
13.18 14.46 12.96 6.19
13.24 14.54 13.03 6.19
13.29 14.6 13.07 6.2
13.34 14.69 13.14 6.2
13.38 14.75 13.18 6.21
13.45 14.85 13.25 6.21
13.48 14.92 13.29 6.22
13.53 15.15 13.34 6.22
13.55 15.26 1337 6.22
13.57 153 13.39 6.22
13.58 15.24 13.39 6.23
13.58 14.68 134 6.23
13.58 16.16 134 6.23
12.09 13.95 11.88 5.31
11.72 12.38 11.51 5.28
11.63 1235 11.43 5.8
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