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J.D. Blasey 
Department ofthe Air Force, Offutt Air Force Base 
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Introduction 

Shielding against electromagnetic phenomenon is an 
increasingly important consideration on a global scale. 
Solar storms, privacy from electronic surveillance, and 
EMP weapons are just a few of the concerns that must be 
addressed. Current methods of protection are subject to 
high cost and often limited in scalability. Conductive con
crete is a promising solution to both of these limitations. 
By adding several simple materials to traditional concrete, 
a new type of constructible electromagnetic shield can be 
produced. The following will discuss the design and test
ing of conductive concrete for EM shielding as well as the 
results of those tests. 

Design 
Conductive concrete was originally developed for the 

purpose of creating a conductive medium that could be 
used for deicing walkways and roadways.1 To accomplish 
this, conductive fibers are mixed with traditional concrete 
to increase the conduction of electricity. Carbon powder 
is added to the mixture in order to facilitate connections 
between fibers and ensure good conductivity. This cre
ates an interconnected mesh of fibers throughout the 
concrete. This attribute spurred the idea of using conduc
tive concrete for shielding due to the possibility of cre
ating an electromagnetic-reflective material. Such a re
flective shielding was deemed inadequate for the range 
of frequencies required by MIL -STD-188-125-1.2 For the 
higher frequency requirements EM absorbent aggre
gates, known as taconite,3 were included in the mixture. 
Taconite is an iron-bearing rock that has good magnetic 
properties with excellent RF energy absorption. This im
proves the shielding performance of conductive concrete 
by enhancing the absorption of EM energy in the high 
frequency region. 

Testing 

Testing of the conductive concrete was accomplished 
in two stages. The first stage employed relatively small 

Distribution A: Approved for public release; distribution unlimited. 

concrete samples and the EM-21 07 A test fixture from 
Electro-Metrics.4 Figure 1 shows the test fixture which is 
an enlarged coaxial transmission line and fully complies 
with ATSM test method 04935-1.5 The fixture connects 
to a two-port network analyzer so that the S21 measure
ments, used in this test to determine the relative attenua
tion, can be taken for test samples that have been placed 
between the two halves of the test fixture as shown in 
Figure 2. Figure 3 illustrates an example pair of samples 
to determine the relative attenuation of the conduc-

. tive concrete. The reference set of samples consists of 
an outer ring that matches to the outside surface and a 
small disk made to fit the inner conductor. This arrange
ment allows EM energy to pass through the small disk as 
well as around it. The second load sample of the pair is a 
large, solid disk that covers the entirety of the test fixture. 
The difference of the S21 measurements for the samples 
determines the relative attenuation of the concrete mix
ture. Test samples were prepared to observe the effects of 
different combinations of conductive ingredients on the 
shielding properties of the concrete. Using this method, 
we were able to compare and determine the conductive 
concrete mixtures that would be effective in attenuating 
EM energy. 

Figure 1. EM-21 07 A test fixture with conductive elas
tomer gasket to facilitate mounting of specimens. 
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Network Analyzer 

Sample ----- '----EM-2107A 

Figure 2. Test setup with sample loaded. 

The second stage of testing employed an RF shelter 
and was conducted on larger concrete test slabs of vary
ing thicknesses. The diagram in Figure 4 shows the setup 
for slab testing using the RF shelter. Figure 5 shows an ex
ample test slab of 2ft. square covering a 4 in. test port that 
has been cut out from the wall of the RF shelter. The RF 
enclosure ensures that any energy entering the inside of 
the shelter must pass through the test port. So by block
ing the test port with the test slab, it can be determined 
how much energy is dissipated by the concrete slab prior 
to entering the structure. To ensure that adequate electri
cal contact was maintained between the concrete slabs 
and the shelter, concrete was cast directly on a 2ft. square 
steel plate with a 4 in. hole centered to match the test port. 
Conductive gaskets made of woven copper were used to 
provide good contact between the RF shelter and the 
steel plates as shown in Figure 6. A transmitting source 
is placed outside of the structure and is paired with a re
ceiver positioned inside the structure at a 10ft. stand-off 
distance. To calibrate the system, a measurement is tak
en with no slab present over the test port to determine 
the nominal level of EM energy penetrating through the 
open test port. This establishes a baseline for comparing 
the levels of energy penetrating through the individual 
concrete slabs positioned over the test port. This is impor
tant due to the size of the test port having a large effect 
on the dynamic range of the system. Following a proper 
calibration, the slab is placed over the test port and a new 
measurement is taken. This measurement can be used to 
determine the effectiveness of the conductive concrete at 
blocking EM energy by comparing the amount of power 
received with the concrete in place to the power received 
with an open port. The recipes used for casting test slabs 
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Figure 3. Example specimen set of reference and load 
samples. 

included basic concrete, the mixture that had been deter
mined from small sample testing, as well as mixture with 
various construction elements including rebar. 

Initial testing revealed that the small test port has a 
limited dynamic range for frequencies below 100 MHz. 
As a result, the slabs were redesigned to include a small 
hemispherical dome that allows small receiving antennas 
to extend through the test port, as seen in Figure 7. This 
increases the overall thickness of the slabs but maintains 
the appropriate thickness between the receive antenna 
and the environment on the opposite side of the slab, 
while greatly increasing the dynamic range. This configu
ration reduces the effect of the size of the test port on the 
relative attenuation measurements at lower frequencies. 
A second source of possible measurement interference 
is RF leakage through the side surfaces of the test slabs. 
With the addition of the dome structure to the test slabs, 
the overall thickness outwards is increased while the dis
tance from the test port to the sides of the slab remained 
the same. This introduced the possibility of energy "leak
ing" through the side surfaces of the slab and into the test 
port as well. This effect was mitigated by coating the four 
sides of the test slab with electrically conductive paint, 
leaving only the main 2 ft. square frontal surface of the 
slab susceptible to EM energy. 

Results and Discussion 
Testing of the conductive concrete has yielded promis

ing results. Through the small sample tests, a design mix
ture was chosen that has been proven to work well under 
RF shelter testing. Results from both methods of testing 
are discussed below. 
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Figure 4. Test setup for large concrete slab testing. 

Figure 5. Concrete slab mounted on the outside 
wall of RF shelter. 

Figure 6. Test port of RF shelter seen from the in
side with concrete slab and copper gasket. 

Figure 7. Test port with small antenna inserted 
within the slab using the dome configuration. 

Test Fixture 

The results for small samples were produced using the 
EM-21 07 A test fixture. Figure 8 shows the relative attenu
ation, or 521, of a mixture comprised of carbon powder 
and steel fibers. It can be seen that the mixture performs 
well at the lowerfrequencies but loses some effectiveness 
in the higher frequency range. This effect led to the inclu
sion of taconites as the EM absorptive aggregates. Notice 
that the relative attenuation measured using this method 
is relative to the sample size and not indicative of the at
tenuation for larger samples. 

Figure 9 plots the relative attenuation of a conduc
tive concrete mixture comprised of carbon powder, steel 
fibers, and taconites. Compared to the mixture in Figure 
7, there is significant attenuation above 1 GHz that can 
be attributed to the taconite aggregates in the concrete 
mixture. The difference in the low frequency range for the 
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10 .-~~mr-..rrmo-.OTITmr-1\ITITm-IIITiffi additional conductive concrete slabs with in
creased thicknesses. The results for the 6 in. 
and 12 in. slabs that were cast with the same 
mixture in the 3 in. slab are plotted in Figures 
11 and 12, respectively. The higher frequency 
attenuation improves with thickness as ex
pected, while the lower frequency attenua
tion decreases marginally. The improvement 
can be attributed to increase in the penetra
tion depth especially through the taconite ag
gregates in the slab. The marginal reduction 
can be attributed to the increased leakage 
along the edges of the thicker concrete slabs. 
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~ -30 
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Frequency (Hz) 

- Cement Only - Carbon Powder/Steel Fibers 

Figure 8. 521 of 0.25 in. samples. 

mixtures in Figures 7 and 8 can be attributed to the varia
tion in the casting of the specimens. 

Figure 10 compares the conductive concrete samples 
of varying thicknesses using the test fixture. For each 
measurement, the sample thickness is increase by a quar
ter of an inch from 0.25 in. to 0.75 in. The results clearly 
show that the attenuation increases as the concrete be
comes thicker. The increase, however, is not uniform with 
thicknesses and across the frequency range. This can be 
attributed to a number of factors that include non-linear 
response of the test fixture, effects of the specimens not 
being electrically thin, variation in the casting of the spec
imens, and the variable attenuation of the conductive in
gredients themselves. 

RF Shelter 

Figures 11 through 13 present the large scale test re
sults using the RF shelter for the conductive concrete 
slabs in the dome configuration. The test slabs were cast 
with a mixture composed of carbon powder, steel fibers, 
and taconites. Figure 10 plots the relative attenuations of 
a 3 in. thick test slab and also the dynamic ranges (DR) 
of the test configuration with the small rubber duck and 
loop receiving antennas positioned through the test port 
and inside the concrete domes. The plots show that the 
relative attenuation of the test slab above 100 MHz is in 
near compliance with the HEMP standard for shielding ef
fectiveness. The difference between the rubber duck and 
the loop antenna in the lower frequency range is due to 
the effect of the dome configuration on the decoupled 
EM fields below 100 MHz. Notice that the broad loop an
tenna resonance through the test port also affects the re
sults below 1 0 MHz. 

In order to investigate the relation between the slab 
thickness and the relative attenuation, we also tested 

This effect is expected to diminish with a fully 
enclosed concrete structure. 

To investigate the effect of RF leakage around the sides 
of the test slabs, the side surfaces of the 3 in. slab with the 
dome configuration was coated with conductive paint. 
The paint was added in several coats to ensure a highly 
conductive coating on four of the five exposed sides. The 
slab was then retested for comparison of the original test 
documented in Figure 11 . The results in Figure 14 demon
strate that the conductive paint had a large effect on miti
gating the RF leakage through the side surfaces above 
200 MHz. 

Conclusion 

We have conducted a preliminary study to develop 
the conductive concrete mixture for EM shielding ap
plications. The results that have been obtained through 
testing of the small concrete samples and the large-scale 
test slabs demonstrate that conductive concrete has the 
potential to provide EM shielding for large building struc
tures. The concrete performs extremely well in the higher 
frequency ranges that exceed 80 dB of attenuation for 
a 6 in test slab. The performance in the lower frequency 
range is limited by the test configuration and the size of 
the test slabs. Further study is currently underway that 
will provide more evidence for the application of conduc
tive concrete to provide shielding against electromag
netic energy.6 

References 

1. C.Y. Tuan and S.A. Yehia, "Evaluation of Electrically 
Conductive Concrete Containing Carbon Products 
for Deicing," AC/ Materials Journal, Vol. 1 01, No. 4, pp. 
287-293, Jul.-Aug. 2004. 

2. MIL-STD-188-125-1, "High-Altitude Electromagnetic 
Pulse (HEMP) Protection for Ground-Based C41 
Facilities Performing Critical Time-urgent Missions, 
Part 1- Fixed Facilities:' 

Use or disclosure of data contained on this page is subject to the restrictions on the title page of this document. 

lnguyen
Line

lnguyen
Line

lnguyen
Typewritten Text

lnguyen
Typewritten Text

lnguyen
Typewritten Text

lnguyen
Typewritten Text
d

lnguyen
Typewritten Text

lnguyen
Typewritten Text

lnguyen
Typewritten Text

lnguyen
Typewritten Text

lnguyen
Line

lnguyen
Line

lnguyen
Typewritten Text
8

lnguyen
Typewritten Text
9

lnguyen
Typewritten Text
.

lnguyen
Sticky Note
Replace "7" with "8"Replace "8" with "9"

lnguyen
Sticky Note
Delete "is"Replace "increase" with "increased"

lnguyen
Sticky Note
Replace "6 in" with "6 in."



JOURNAL OF RADIATION EFFECTS, 
Research and Engineering 
Vol. 31, No. 1, February 2013 

1 0. 0 ,--,.--;-;-;--n-;-;.,----,,.........,."TTTT!".------c--;---r-~-----,----r-r;,..,..,..,..----;----;--;-;-.,.-;-;-n 

o.o N-n:~-t"lti'Mrtti"timF-t~~~ttttm 
-10.0 

,.--.., 

f&l -20.0 
'-' 
;:::; -30.0 
r:/) 

-40.0 ~-'~'*' +--+-+-H 

-50.0 +--+-H H+H---+-r-++++++t---+--+--++HH*--+-+-:-+++-l*-+-.-++++++: 

-6 0. 0 ...L__L..L.!..!..!..W.!.L-.......JL..!.....'...J.J...!..L!J'----l.....!....LL!..!.l.l.l_____l__J_J..J...l..J..ll.L___L...L.L..L.LlllJ 

1·E-+os 1·E-+o6 l.E-+o7 1·E-+o8 1-E-+o9 l.E-+Jo 

Frequency (Hz) 

- Cement Only - Carbon Powder/Steel Fibers/Taconite 

0 

-10 

-20 

-30 
= "1:1 

-40 -----
-50 

-60 

-70 

3.E-t05 

Figure 9. 521 of0.25 in. samples. 

I II I . Ill ld-ffill I I I I 

1 _11 II I I II r---J II 
r--t- I -+ 

II I I I I -r--.l I 

Ill -- II 
I 

I II 

1--~ f--• 

I 

3.E-t06 

1---

I I 
Ill 

II II 
3.E-t07 

Frequency (Hz) 

I 
I I I 

I 
I 

3.E-t08 

- 1/4" - 1/2" - 3/4" 

I II 
I I 

.... ..._ 

""'' I j'\ ~ II 
r~l 

Ill I 
I I 

Figure 10. 521 of different thicknesses for cement, carbon powder, steel fibers, and taconite mixture. 

200 I 
150 +-· --+--+-+-~+----+--7---7-+-:+H----~~---7-'-''!'-" 

o~~~~~~~~~~~.-~i 
-~ -'--~~~--~~~~~=-~~~_____]_~~ 

l.E--<14 l.E--{)5 l.E--{)6 l.E--{)7 l.E--{)8 l.E--{19 
Frequencr (Hz) 

- Ml.L.SID lSS-125-1 - Rubb.< DockDR LoopDR - Rubb.<DockAtt - LoopAtt. 

Figure 11. Relative attenuation of 3 in. conductive concrete dome configuration. 

Use or disclosure of data contained on this page is subject to the restrictions on the title page of this document. 

155 



156 JOURNAL OF RADIATION EFFECTS, 
Research and Engineering 

Vol. 3l , No. l ,February2013 

-~ l--L~~~~-LUUllR--~~~L-~~~W--L-L~LW 

l.OOE-<J4 
frequency· (Hz) 

- li1IL.S1D- 88- 25-1 - RubbMihlck DR Loop DR - RubbMihlckAtt - Loop Att. 

Figure 12. Relative attenuation of 6 in. conductive concrete dome configuration. 

f r equency· (Hz) 

- li1IL.SID- 88- 25- - RubbMD-u<:k DR LoopDR - RubbMD-u<:kAtt - Loop A tt. 

Figure 13. Relative attenuation of 12 in. conductive concrete dome configuration. 

160 

40 

120 

I 
I 

I II 
I I 

I I I Ill I I II I IIIII I +-Wfl 
I I I I I II I I I I I_ 11

1-'---='1_ · .11.\1 

00 

so 
~ 60 

40 

I 
I 
I I 
I I 

..,..+-f-

I I 
I I 
I I 

I 
I} 

0 '',1 oo0 '::1 ~j, 
20 

-20 

-40 
.E-<J4 

'f 
I I 

II 
II 

I I I }, .II 11 I . ~ ~ ~~£fl : 
I I I I II -' I' ·~· l ~ . !r,~ ~~ ~Y 17fl' II~~ 
I 1,..1 I,L{; · '~r I ...Jill'' 

II '11 •n iJ I I 
jJ l7'"" ~~If I I I I I I I if' I 

l-J I I I I I I tf'- l IIi I I 
Ill I ·, 1\ l I\ I ~( "l' I I 

I Ill I I I I I I I 
I I II II I I I I I I I I I II 

.E-<J5 .E-<J6 l.E-{)7 .E-<JS l.E-{19 
frequency· (Hz) 

- l\1IL-S1D 188-125-1 - RubbMihlckDR LoopDR - RubbMD-u<:kAtt - LoopAtt. 

Figure 14. Relative attenuation of 3 in. concrete dome configuration with conduct ive paint. 

Use or disclosure of data contained on this page is subject to the restrictions on the title page of this document. 



JOURNAL OF RADIATION EFFECTS, 
Research and Engineering 
Vol. 31, No. 1, February 2013 

3. D.M. Hopstock and L.M. Zanko. "Minnesota Taconite 
as a Microwave-Absorbing Road Aggregate Material 
for Deicing and Pothole Patching Applications;' Center 
for Transportation Study Final Report, CTS 05-1 0, Aug. 
2005 

4. EM-21 07 A. Product Specifications, Electro-metrics, 
http:/ /www.e I ect ro-m etri cs.co m/ docs/data sheets/ 6/ 
PDF-docs-1 00503/HTML-Data-Sheet-Quick-view-2/ 
MISC -&-ACCESS/21 07 A-New-Version. pdf 

157 

5. ASTM D4935 - 10, "Standard Test Method for Measur
ing the Electromagnetic Shielding Effectiveness of 
Planar Materials;' DOl: 1 0.1520/D4935-1 0. 

6. A. Krause, A. Sevenker, L. Nguyen, C.Y. Tuan, J. Bonsell, 
B. Chen, J. Blasey, J. Zemotel, H. McNerney, F. Metzger, 
and W. Linzey."Shielding Effectiveness Measurements 
of High-Performance Conductive Concrete," submit
ted for review to Hardened Electronics and Radiation 
Technology Conference (HEART 2013), Albuquerque, 
NM, 2013. 

Use or disclosure of data contained on this page is subject to the restrictions on the title page of this document. 

lnguyen
Line

lnguyen
Line

lnguyen
Sticky Note
Delete "submitted for review to"



158 JOURNAL 01- HALJIAIION 1:1-HCTS, 
Research and Engineering 

Vol. 31, No. 1, February 2013 

Use or disclosure of data contained on this page is subject to the restrictions on the title page of this document. 


	University of Nebraska at Omaha
	DigitalCommons@UNO
	2-2013

	Conductive Concrete: A Shielding Constructurion Material
	A. P. Krause
	L. Nguyen
	Christopher Y. Tuan
	J. D. Blasey
	Recommended Citation


	tmp.1414709777.pdf.zmyei

