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Abstract

The purpose of this research is to analyze the gamma ray shielding effect of heavy concrete containing magnetic
aggregate and to confirm the applicability to the military protective facilities. In general, a military concrete structure
protects combatants from bullets, and also it provides some radiation shielding. In this research, experiments were
conducted using a Cs-137 source to check the gamma ray shielding effect. In addition, the Monte Carlo
N-Particle(MCNP) modeling was applied to evaluate the gamma ray shielding effect of a military structure. As a
result, as the concrete thickness increased, the shielding performance improved according th the linear attenuation law.
With that, as the ratio of magnetic aggregate was increased, gamma ray shielding performance was also improved.
Therefore, this research verified that the application of magnetic aggregate concrete to military facilities for radiation

shielding purposes would be useful.
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Table 1. Molecular aonstruction of magnetic aggregate

concrete
No. Component Unit Result
1 F mass(%) 0.2957
2 Na20 mass(%) 0.0000
3 MgO mass(%) 15.1644
4 AL:O3 mass(%) 3.0018
5 SiOz mass(%) 32.3375
6 P.0s mass(%) 0.0598
7 SOs mass(%) 0.2773
8 Cl mass(%) 0.0913
9 K20 mass(%) 1.1214
10 Ca0 mass(%) 8.7690
11 TiO2 mass(%) 0.0973
12 MnO mass(%) 0.8482
13 Fe.03 mass(%) 37.5015
14 Zn0O mass(%) 0.0554
15 GeO: mass(%) 0.0106
16 Br mass(%) 0.0094
17 SrO mass(%) 0.0136
18 MoQs mass(%) 0.0057
19 PdO mass(%) 0.0442
20 Sb,03 mass(%) 0.0545
21 I mass(%) 0.0759
22 Cs:0 mass(%) 0.0796
23 PtO mass(%) 0.0221
24 PbO mass(%) 0.0249
25 UsOs mass(%) 0.0207




Table 2.

Mix design of magnetic aggregate concrete

450 mix design materials per unit volume of concrete (kg/ma)
Curing temperature  Fe W/B  S/a S G Aggregate S(#W (Q/Lr)
NO. () MPa) (%) (%) w B OPC &1 52 G (magnetic) (magnetic) AD.
1 31.0 460 1670 539 539 445 305 897 08 normal 100%  230.0 3.6
2 310 460 1670 580 539 3B 228 €73 278 36 11 [OTE IR 2300 34
2
3 O ’ 310 460 1670 59 539 22 152 49 5% e 14 formal S0% 230 39
4 310 460 1670 539 539 1110 1308 22  magnetic 100% 2300 38
For * Required average compressive strength of concrete used as W © Water
the basis for selection of concrete proportion B . Binder
W/B  : Water Binder Ratio S : Fine aggregate
Sla : Sand to aggregate ratio G : Coarse aggregate
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Table 3. Counts on 661.7 keV energy peak

ratio of magnetic aggregate 5cm 10cm 20cm
0% 5,389 2,565 390
25% 4,944 2,075 276
50% 5,082 2,565 262
100% 4,421 1,409 136

= Counts on 661.7 keV energy peak without shielding material :
16,573 counts

Table 32 Z32E Y A& gl & 661.7 keV

oflL12]9] Z79X|(Counts) Fh= HoETt
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Figure 1. Cs-137 spectra for magnetic aggregate concrete shielding samples
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Table 4. Linear attenuation coefficient for each sample (cm™)

ratio of magnetic

aggregate Xcom Test result MCNP
0% 021514  0.21055+0.0132  0.22084+0.00726
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Table 5. Linear attenuation coefficient for personal protective
structure (cm™)

MCNP
0.234148+0.00
0.248105%0.00
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