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An Experimental Study on Development of EMP Shielding Concrete
Using Carbon-Based Materials and Industrial By-Products
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In this research, The basic physical properties and EMP shielding performance by thickness were evaluated for optimum composition of
EMP shield concrete that can be applied on-site by mixing carbon-based materials with high conductivity into concrete that uses electric
fumace oxidized slag (EOS). As a result of the evaluation, it was confirmed that the slump decreased as the amount of mixed carbon
fiber (CF) increased, and increased when milled carbon (MCF) was mixed. As for the compressive strength, it was confirmed that EOS
enhanced the strength compared to NA, and it was confirmed that the strength decreased when CF and MCF were mixed. As the
thickness of the EMP shielding measurement increases, the shielding rate increases, and it was confirmed that the type of conductive
material and the thickness of the test specimen have a greater influence on the shielding rate than the Amount of conductive material
added. As a result of a comparative evaluation, EOS CF 0.2 is considered suitable for EMP shield concrete formulation.

JIKE : EMPRIH, MI|ZAtets ], B8R, LEJI2ER
Keywords : EMP shielding, Electric furnace oxidized slag, Carbon fiber, Milled carbon fiber
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Fig. 1. EMP shielding room schematic
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Table 1. Chemical composition of cement

) Chemical composition (wt.%)
Specimen
Ig-loss | SiO> | ALO; | Fe,05 | CaO | MgO | SO

OPC 253 | 21.78 | 472 36 | 6321 | 1.83 | 233
222 =Xy

2 AH0| A3 27Ol SIBHYES Table 29} 200, EOS
=X Z =L DAOIIM A4St EOSE S X|-=0f met Tt
et #e == fﬁ‘fmtf EOSQ| &< Ca 80| =0t =X
WXtOZ Q15+ HES 0F7|& 4 QIO 2 Free—Ca0 S =X

Table 2. Chemical composition of industrial by-product aggregates

Chemical composition (wt.%)

Specimen | [g- . Free-

oy | 8102 | ALO; | Fex0s | CaO | MgO | SO | o
Fine ) 63 17282 (1492 179 | 099 | 056 | 0.03 | 0.14
aggregate
Coarse | 1 6355|1743 | 419 | 375 | 119 |0.10| o011
aggregate
EOS | 214 |19.69 [ 10.67 | 25.15 [28.70 | 5.85 | 0.40 | 0.13
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o Z7} EOSO| SIZF0| NA X 222 el2F0| Hot TR 9 Table 4. Measurement items
St A4S H5 OFO 70O CHE
ot 0| PSR ¢ Ao UHEDL Items Factors
WB : 425 %
2.2.3 712 M= Slump : 200 £ 10 mm
230|E0| THNS H0i5t| st ALRS KA Kz OF Air i3+ 15 %
of MCF2 EA2 Table 31} 2T Compressive strength e Non add.
cries 1 CF mixing amount (vol %) 0.4
EMP shielding (NA) Thickness (mm) o : -
ickness (mm X
Table 3. Characteristics of carbon meterials p erforme.mce
evaluation Non add.
Characteristic CF MCF Series 2 | CF mixing amount (vol %) | 0.2, 0.4
Filament diameter (um) 7 (EOS) | MCF mixing amount (%) 5
density (g/ml) 1.80 022 ~ 0.28 Thickness (mm) 100, 200
Tensile strength (MPa) 4,900 3,150
Youngs modulus (GPa) 230 210
Strain at failure (%) 2.1 L1~ 14 NA or EOS|/CF or MCF %
Carbon content (%) >93 > 90 Aggregates Carbon Material Carbon Material
Type Type Amount
Sizing content (5) >1.0 05 ~ 1
Mean fiber length 6 mm 100 um Fig. 3. Notation type
_ 2.3.2 232|E 21X E4EI} &=
2.3 AEISEII tél‘té-l = ool EMIETIE AT = o173
Z3I2|E S2/M EATII= &8I 200 mmE Z2HZ 10 mm
2.3.1 A AUXt A & O] XIHRIE F0f CF 2Uo]| (2 £ Kot Al Higk 2
A& OIX} Bl 471} HYSH Table 4, Table 504 LIEHARIC T 1~ 2 %S 7145610 AeiS TdsiRen, egd2 & 37182
HiStol BV | Fig. 3uf 2Tt EE Z32/E EMP S4aAM 8 2+ZHKS F 2402, KS F 24092 KS #2401 9|75t S-S TIstst
& ASR| Hb= NAS 26 Z32/E0]| FHRMRE 0.4 vol FCH YFUZE KS F 240501 °fHsto] ZIsIRoH, @
% 2lgxlghet Z32|EQ 22| S, SV |1H X ¥5d 100*200 mm’ AISRIS MY 3, 7, 14, 2820fl HH 2t ugtol 37k
<) 9 SE SMS Eolsit NEH BRUS BISIC
EOSE XME¢et EMP AtH 232|Exs 724K 0.2, 0.4 vol %
Q|stx| ekt MCF HIRIC] ThH| 5 % LHEX[BHAQ] 221X 4 & 2.3.3 XHE(SE) £ 4
SE S42 SolsIgion, 24210 HBISS BlmIYL 5 EVP A SE 27 IS MIL-STD-188-125-12] Alsietelol o7{a10f
Z32|EQ| xMHlels =60t SIFICt 300*300*(100,200) mm°9] "'°4I|§ MI&GHRECH SE =88 A
SIS Min and Cho(2021) 719t SUsHH &7[Qo= Fatst
Table 5. Mixing design of EMP concrete
. w/C Sl Unit weight (kg/m’)
Specimen o o
(%) (%) W C MCF CF S G EOSS EOSG | AD%)
NA 182.8 430 - - 856 29.8 - -
NA CF 04 182.8 430 - 6.8 856 29.8 - -
EOS 182.8 430 - - - - 1153 1174
42.5 49 1.0
EOS CF 0.2 182.8 430 - 34 - - 1153 1174
EOS CF 04 182.8 430 - 6.8 - - 1153 1174
EOS MCF 5 182.8 409 21.5 - - - 1143 1162

NA : Normal Aggrregates, EOS : Electric Furnace Oxidized Slag, MCF : Milled Carbon Fiber, CF :
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Fig. 4. Steam curing method
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B, 0.85 dB, —15,7 dB 29| SE His}gts Sfoleh 4~
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Table 6. Shielding effectiveness

Everage of shielding effectiveness (dB)

Type NA EOS | EOS | EOS

NA 1 croal B9 | croz|croa|mcrs

100 mm s 1 260 | 204 | 240 | 208 | 213
(h)

00mm 1 o6n | 197 | 237 | 205 | 205
(v)

200 mm- e g 560 | 472 | 528 | 578 | 463
(h)

zoﬁvl)“m 84 | 543 | 475 | 518 | 571 | 463

Range of Average: 600 MHz ~ 2000 MHz
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Fig 7. EMP shield effectiveness
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