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Abstract

Building infrastructure is becoming increasingly vulnerable to electromagnetic attacks with increasing use of wireless control, automa-
tion, and telecommunication. Infrastructure can be protected by installing shielded rooms constructed of metal. However, such rooms
are expensive to build and have disadvantages including space ineffectiveness and maintenance. Developing methods to add shielding
materials to the concrete can help solve the problem. In this paper, we compare the electromagnetic properties of traditional reinforced
concrete and shielding-reinforced concrete. Based on the simulation results, structures were built and the shielding effectiveness was
measured. The shielding concrete was prepared by replacing the gravel with ferrous oxide slag from electric arc furnaces;
MIL-STD-188-125-1 was referenced to measure the shielding effectiveness. The shielding effectiveness of traditional concrete and con-
crete reinforced with shielding is low in the frequency band of 100~300 MHz. Thus, methods to improve the shielding effectiveness
of shielding-concrete structures were proposed. The methods include applying water-soluble paint containing shielding materials and in-
creasing the concrete thickness, focusing on safety and minimizing the impact on building construction. The shielding effectiveness of
concrete structures using these methods was measured. The proposed solution was determined to be realistic, with a shielding effective-
ness exceeding 60 dB for major infrastructure.
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Fig. 1. The experimental setup to measure the S-parameters
and to derive the material properties of concrete.



NRW 4& A48 {4 & e o3 2
GRC| AHF4EE X-band®] HFO 2 Aot 440]
2 FSEE 007200, 18] 7 SRCE ATF A S X-
band®] HHFwtelA AFHE 53013 s5EE 1.9

A fflv}[g CST A curve fitting® 2 10 kHz~1 GHz '3 $]
o fFAEE AtEE 75 &tk ALY 79
= %@Exﬂi AAsiek o] BEHE &&3dte] CST
studio® A AlE#H o] d-& e stsith

o
iy,

|

(=

X =
M Y8 22 232|E 24

M EZ 238EQ B2 FH & 24

& A&7 ol vyt
AYE (GRC)oﬂ rHsH HA AT SRCE F
@E*é =45 A9t FXRHOEE GRCY F
&3}04 l““;} Rolth. GRCY 7} %gg

32 gt HZ Z32E(GRC)Q AHH &1t AlEd0

E BEX3} 12A H%— ST Studio®] 4™
x 3] iﬂﬂEoﬂ q]

azzes 23 HyEs A

j,].}‘_:_ i—].go] ]]HH}QO oS =L AL i_}o] 5} _/':

G2 4 ok w1 AN AR 2
a3he] Hokd oo AaS A 5 otk

33 Yk M2 233|E(GRC)Q AHH 21t S™ZAD
GRC F+Z & thal 4] MIL-STD-188-125-1% &3}
A &2 248} 10 kHz~20 MHzol A& loop 9t

Hu, 20 MHz~300 MHzol A= biconical FEIY, 300
MHz~1 GHzl| 4= log-periodicStEI & AHE-3FSATh A

120
—— Reinforeced concrete
= 100 ---- Only Concrete
z -~ Only Rebar
"
3 80
c
Q
2
;:6 60
w
)
£ 40
T
2
& 20
0.01 0.1 1 10 100 1000

Frequency (MHz)

08 2. GRCS) AR et Age A A3t
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(a) GRC structure for the simulation
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(b) A photograph of the GRC structure that was constructed to
measure the shielding effectiveness
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Fig. 4. Modeling for the Simulation of the shielding effec-
tiveness of GRC.
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