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A new con crete, con tain ing ga lena min eral, with en hanced shield ing prop er ties for gamma
sources is de vel oped. To achieve op ti mized shield ing prop er ties, ten types of ga lena con crete
con tain ing dif fer ent mix ing ra tios and a ref er ence nor mal con crete of 2300 kg/m3 den sity are
stud ied ex per i men tally and nu mer i cally us ing Monte Carlo and XCOM codes. For build ing ga -
lena con crete, in ad di tion to the main com po si tion, mi cro-sil ica and wa ter, ga lena min eral (con -
tain ing lead) were used. The built sam ples have high den sity of 4470 kg/m3 to 5623 kg/m3 and
com pres sive strength of 628 kg/m2 to 685 kg/m2. The half and tenth value lay ers (half value
layer and tenth value lay ers) for the ga lena con crete, when ir ra di ated with 137Cs gamma source,
were found to be 1.45 cm and 4.94 cm, re spec tively. When ir ra di ated with 60Co gamma source,
half value layer was mea sured to be 2.42 cm. The com pu ta tion mod el ing by FLUKA and
XCOM shows a good agree ment be tween ex per i men tal and com pu ta tional re sults.
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IN TRO DUC TION

A shield has been de fined as “a phys i cal en tity
in ter posed be tween a source of ion iz ing ra di a tion and
an ob ject to be pro tected such that the ra di a tion level at 
the po si tion of that ob ject will be re duced. The ob ject
to be pro tected is most of ten a hu man be ing, but can be
any thing that is sen si tive to ion iz ing ra di a tion” [1].

With in creas ing ap pli ca tions of ir ra di a tion
sources, both in med i cal and en ergy in dus try, ra di a tion 
shield ing and ad e quate pro tec tion re main an im por tant 
con cern.  Lead and con crete for their high lin ear at ten -
u a tion co ef fi cients, are amongst the most ac cepted
shield ing ma te ri als. Heavy re in forced con crete with a
va ri ety of ag gre gate ad di tives has also been in ves ti -
gated for ra di a tion shield ing im prove ment.

Us ing bar ite (BaSO4) as ag gre gate to in crease
lin ear at ten u a tion co ef fi cient [2, 3] as well as com pres -
sive strength [4] has been in ves ti gated.

The at ten u a tion co ef fi cients of bar ium-bo rate
fly ash glasses have been mea sured for gamma-ray
highly collimated pho ton beam [5]. It is re ported that
from the shield ing point of view, the bar ium-bo rate
fly ash glasses are better shields for gamma-ra di a -
tions in com par i son to the stan dard ra di a tion shield -
ing con cretes and also to the or di nary bar ium-bo rate
glasses.

Fi ber re in forced con crete with steel fi bers, lead
fi bers and a com bi na tion of the two (hy brid fi bers)
were in ves ti gated by Sharma [6] and the ef fects of the
two types of fi bers on me chan i cal and ra di a tion shield -
ing prop er ties of con crete were mea sured.  They have
re ported up to 36% im prove ment in ra di a tion shield -
ing com pared with or di nary con crete.  Kharita [7] used 
lo cal min eral ag gre gates to en hance con crete shield -
ing prop er ties for gamma and neu tron ra di a tion and re -
ported 10% in crease in low er ing the half value layer
(HVL).

The use of min eral lead sul fate known as ga lena
as a con crete ag gre gate for ra di a tion shield ing en -
hance ment, first sug gested by Abulfaraj [8], has been
re cently in ves ti gated by Mortazavi [9, 10]. An im -
prove ment in HVL of up to 2.56 cm for ga lena com -
pared to 5.25 cm of or di nary con crete is re ported by
Mortazavi.

In this pa per we pres ent our re sult of ga lena ag -
gre gate con crete which has been op ti mized both in
me chan i cal as well as ra di a tion shield ing prop er ties. 
We  pre pared  six  types of ga lena con crete with com -
po si tion mix ing ra tios and an or di nary con crete of
2300 kg/m3 den sity as ref er ence.  The op ti mized com -
po si tion was ex posed to 137Cs and 60Co gamma
sources to mea sure its HVL, tenth value lay ers (TVL),
and its lin ear at ten u a tion. The re sults of FLUKA [11]
Monte Carlo mod el ing of the ra di a tion do sim e try and
XCOM shield ing code [12] for as sess ing our ex per i -
men tal data are also pre sented in this pa per.
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SUB JECTS AND METH ODS

Ga lena min eral from lead mines of Esfahan in
cen tral Iran with the spec i fi ca tions given in tab. 1 was
used as the main ag gre gate of our heavy con crete.

The ba sic ag gre gate in cluded for the man u fac -
ture of con crete for ra di a tion-shield ing is spec i fied by
ASTM Spec i fi ca tion for Ag gre gates Con crete (C637)
[13]. There are re fer rals within this spec i fi ca tion to
ASTM C638 [14] for such items as del e te ri ous sub -
stances and the grad ing lim its for con ven tion ally
placed con crete. ASTM C637 is pri mar ily con cerned
with ra di a tion-shield ing and heavy weight con crete.

De ter mi na tion of an op ti mum com po si tion to
ob tain the low est HVL as well as high est com pres sive
strength was achieved through ex per i ment ing with
dif fer ent ra tios of ce ment, microsilica and wa ter to -
gether with ga lena min eral, fig. 1(a). The pre pared
sam ples were tested for their HVL and me chan i cal
strength.

Me chan i cal tests: com pres sive strength

There is no unique method to come across the
op ti mum com po si tion for our in tended ap pli ca tion.
Many fac tors in flu ence the rate at which the strength

of con crete in creases af ter mix ing. Hard en ing, which
is the pro cess of strength growth and may con tinue for
weeks or months af ter the con crete has been mixed and 
placed, is due largely to the for ma tion of cal cium sil i -
cate hy drate as the ce ment con tin ues to hy drate. Fur -
ther more to en hance the strength of con crete sam ples,
cur ing them un der wa ter has been car ried out, fig. 1(b).

In tab. 2, the mix ing com po si tions in 7 sam ples are
shown.  The re sults of 28 day com pres sive strength test
based on ASTM C 39 [15] are pre sented.

Ra di a tion tests: HVL and TVL

We used both 137Cs and 60Co gamma sources to
eval u ate the HVL and TVL for dif fer ent sam ples. To
de ter mine the at ten u a tions of dif fer ent types of con -
crete, the tests were car ried us ing blocks of 200 mm ´
200 mm ´ 200 mm. The sche matic of test set-up is
shown in fig. 2.

The  spec i men  was sub jected to a uni form gamma 
ra di a tion from the sides pro vid ing a dose rate of 3
kGy/h us ing 60Co as well as 137Cs sources. The do sim e -
try was car ried out with an Eberline RO-20 ion iza tion
cham ber. The Eberline RO-20 Sur vey Me ter is a
self-con tained por ta ble sur vey me ter for mea sure ments
of ex po sure rate at me dium to high pho ton ra di a tion
lev els. The de tec tor is an air-filled ion iza tion cham ber,
which is sen si tive to X-ray and gamma pho tons in the
en ergy range of ap prox i mately 8 keV-1.3 MeV and beta 
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Ta ble 1. Ga lena min eral spec i fi ca tions

Name Chem i cal
com po si tion

Mo lec u lar
weight [g]

Lead
in ven tory Hard ness Den sity

[gcm–3] Color

Ga lena Lead
sul fide (PbS) 239.26

86.59% Pb
2.5 7.0-7.5 Gray-

-leaden13.40% S

Fig ure 1. Or di nary and ga lena con crete (a), curing the
concrete sam ples (b)

Ta ble 2. Com po si tions and me chan i cal prop er ties of dif fer ent ga lena sam ples

Com po si tion Or di nary con crete Sam ple 1 Sam ple 2 Sam ple 3 Sam ple 4* Sam ple 5 Sam ple 6

Wa ter to ce ment ra tio 0.45 0.38 0.36 0.35 0.30 0.28 0.32

Wa ter (L) 163.00 150.00 142.00 138.00 132.00 127.00 135.00

Ce ment type 1 [kgm–3] 460.00 430.00 435.00 442.00 447.00 449.00 453.00

Microsilica [kgm–3] 3.50 17.00 19.00 21.00 25.00 24.00 23.00

10 mm grit [kgm–3] 180 1050 930 890 860 870 840

Nat u ral sand [kgm–3] 690.00 600.00 620.00 635.00 658.00 665.00 670.00

Re tard ers [Lm–3] 1.80 1.80 1.80 1.80 1.80 1.80 1.80

Plasticizers [Lm–3] 14.00 14.00 14.00 14.00 14.00 14.00 14.00

Den sity [kgm–3] 2350 4470.00 4640 4960 5187 5400 5623

28-day com pres sive
strength [kgcm–2] 300 628 640 659 685 657 653

Ga lena  [%] 0.00 0.40 0.42 0.45 0.47 0.49 0.51

* Sam ple with the best per for mance

Fig ure 2. Sche matic draw of the setup of the
mea sure ments



ra di a tion en ergy above 70 keV. The sur vey me ter was
cal i brated for ac cu rate re sponse at the 137Cs gamma en -
ergy. Re peated mea sure ments were per formed to ac -
count for sys tem atic and ran dom er rors [16].

Com pu ta tional mod el ing by
Monte Carlo and XCOM

Us ing FLUKA Monte Carlo code, the ga lena
con crete ir ra di ated with a 137Cs gamma source was
mod eled to eval u ate the HVL, TVL, and the at ten u a -
tion co ef fi cients of dif fer ent sam ples nu mer i cally. 
FLUKA has been ex ten sively benchmarked against
ex per i men tal data over a wide en ergy range of dif fer -
ent par ti cles [17].

The agree ment be tween mea sure ment and
FLUKA sim u la tion was within 2% in terms of the
HVL and 6% for TVL. There fore the wall thick ness
can be cal cu lated with a re li able safety mar gin of less
than 1 cm, de pend ing on to tal at ten u a tion.

The o ret i cal at ten u a tion co ef fi cient of or di nary
and the op ti mum ga lena con crete shield com po si tion
up to the 105 MeV gamma rays was also ob tained by
XCOM pro gram.

RE SULTS

For our study, ten types of ga lena con crete with
dif fer ent mix ing ra tios and con tain ing ga lena in per -
cent ages of 0.40, 0.42, 0.45, 0.47, 0.49, and 0.51, as
shown in tab. 2, were pro duced to in ves ti gate the ef fect 

of ga lena ra tio on com pres sive strength, HVL, TVL,
and the lin ear at ten u a tion co ef fi cient of the con crete
shield.

Ta ble 3 rep re sents the re sults of the eval u a tion of 
com pres sive strength, HVL, and TVL of six ga lena
con crete sam ples and com par i son of them with or di -
nary and the per vi ous con structed con crete for both
137Cs and 60Co gamma sources. As in dic a tive from
tab. 2, in creas ing ga lena ag gre gate con tent to the mix -
tures im proves the ra di a tion shield ing prop er ties,
how ever, it low ers the com pres sive strength. Due to its 
high est com pres sive strength (685 kg/cm2), as well as
low HVL (1.45 cm for 137Cs and 2.42 cm for  60Co),
sam ple 4 is con sid ered to be the op ti mum ga lena con -
crete in this study. The sam ple pro vides both me chan i -
cal strength and su perb ra di a tion shield ing to be used
in in ra di ol ogy and ra dio ther apy clin ics.

FLUKA was used to model the or di nary con -
crete and the op ti mum ga lena con crete sam ples in the
pres ence of 137Cs gamma source. In figs. 3 and 4, the
com par i son of HVL and TVL of or di nary con crete and 
the op ti mum ga lena con crete are pre sented.

Based on com par i son and re al iza tion, the ex per -
i men tal val ues of HVL and TVL of the op ti mum ga -
lena con crete in the pres ence of 137Cs gamma source
were de ter mined in figs. 3 and 4 by square point too.

Us ing FLUKA Monte Carlo code and XCOM
pro gram, the the o ret i cal val ues of at ten u a tion co ef fi -
cient of or di nary and the op ti mum ga lena con crete
shield up to the 105 MeV gamma rays was ob tained. In 
fig. 5 the com par i son of these re sults with their ex per i -
men tal val ues in two spe cial en er gies are shown.
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Ta ble 3. Com par i son of HVL (for 60Co and 137Cs sources) and TVL (137Cs) for dif fer ent con crete sam ples
made with ga lena aggregate

Con crete type Com pres sive strength
[kgcm–2]

Den sity
[kgm–3]

HVL (60Co)
[cm] 

HVL (137Cs)
[cm]

TVL (137Cs)
[cm]

Sam ple 1 (this study) 628 4470 2.79 1.86 5.74

Sam ple 2 (this study) 640 4640 2.758 1.68 5.53

Sam ple 3 (this study) 659 4960 2.58 1.56 5.17

Sam ple 4 (best in this study) 685 5178 2.42 1.45 4.94

Sam ple 5 (in this study) 657 5400 2.36 1.41 4.66

Sam ple  6 (in this study) 653 5623 2.26 1.339 4.44

Or di nary con crete 300 2350 9.2 6.3 17.2

Bar ite con crete [3] 140-394 3180-3550 3.6-4.0 NI NI

Bar ite con crete [18] NI* 3490 3.8 NI NI

Bar ite con crete [2] NI NI 4.4 NI NI

Super heavy con crete [19] NI 3800-4200 NI NI NI

Datolite-ga lena con crete [10] 448-522 4420-4650 2.56 NI NI

Cole man ite-ga lena con crete e [10] 398-464 4100-4650 2.49 NI NI

Con crete by nat u ral lo cal ma te ri als (sam ple 1) [7] NI NI 5.21 4.47 14.86

Con crete by nat u ral lo cal ma te ri als (sam ple 2) [7] NI NI 4.33 3.6 12.18

Con crete by nat u ral lo cal ma te ri als (sam ple 3) [7] NI NI 4.47 3.77 12.51

Con crete by nat u ral lo cal ma te ri als (sam ple 4) [7] NI NI 4.81 3.98 12.51

Con crete by nat u ral lo cal ma te ri als (sam ple 5) [7] NI NI 5.59 4.75 15.77

Con crete by nat u ral lo cal ma te ri als (sam ple 6) [7] NI NI 5.29 4.75 14.57

Bar ite con crete [3] NI NI 3.21 1.51 4.95

*NI – no in for ma tion



DIS CUS SIONS

As pre sented in tab. 3, com pres sive strength of the
ga lena con crete sam ples (628-685 kg/m2) have in creased 
com pared to or di nary con crete (300 kg/m2) and pre vi ous
stud ies such as bar ite con crete (140-394 kg/m2), cole -
man ite-ga lena con crete (398-464 kg/m2) and datolite-
-ga lena con crete (448-522 kg/m2). Ad di tion of ga lena
min eral have had re sulted an in crease in den sity

(4470-5623 kg/m3) in com par i son with or di nary con -
crete (2350 kg/m3) and pre vi ously stud ied con crete
in clud ing bar ite con crete (3180-3550 kg/m3), super
heavy con crete (3800-4200 kg/m3), and datolite-ga lena
con crete (4420-4650 kg/m3).

When the sam ples have been placed in the field
of gamma ra di a tion of 60Co, a re duc tion of about
69-75% in HVL in com par i son with or di nary con -
crete, 23-49% with bar ite con crete, 12% with
datolite-ga lena con crete, and 9% with cole man ite-ga -
lena con crete has been ob tained. Also a re duc tion of
70-79% in HVL and 67-74% in TVL, in the field of
gamma emit ted by 137Cs, com pared with or di nary con -
crete has been ob served.

Based on the re sults ob tained in this study, the
op ti mum ga lena con crete whose mix ing com po si tion
rep re sented in tab. 2 has the half and tenth value lay ers
(HVL and TVL) of 1.45 cm and 4.94 cm when ir ra di -
ated with 137Cs gamma source and com pres sive
strength of 685 kg/m2. This rep re sents a low HVL as
well as high est com pres sive strength when com pared
with the pre vi ous stud ies.

Since the most com mon ma te rial for ra di a tion
shield ing is con crete, this com po si tion could be a
highly suit able op tion where high-den sity con crete is
re quired in nu clear in dus try and ra dio-med i cal cen ters
like megavoltage ra dio ther apy rooms, and nu clear re -
ac tors.

The dif fer ence be tween XCOM and Monte
Carlo sim u la tion re sults pre sented in fig. 5 is due to the 
fact that the XCOM pro gram is not ap pro pri ate for
inhomogeneous me dia and its re sults are con sid ered as 
an es ti ma tion of at ten u a tion co ef fi cient of
inhomogeneous me dia. As seen in fig. 5, be cause of
the ac cu racy of Monte Carlo sim u la tion, there is a
good agree ment be tween Monte Carlo sim u la tion re -
sults and ex per i men tal data.

CON CLU SION

In this pa per a new ga lena con crete con tain ing
ga lena min eral, with en hanced shield ing prop er ties for 
gamma sources has been in tro duced. Con crete sam -
ples made of ga lena showed a sig nif i cantly better per -
for mance in ra di a tion shield ing, as well as com pres -
sive strength com pared to or di nary con crete. A
re duc tion of about 69-75% in HVL in the field of 60Co
and 70-79% in HVL and 67-74% in TVL in the field of
137Cs in com par i son with or di nary con crete has been
ob served ex per i men tally. These ex per i men tal re sults
are in good agree ment with com pu ta tional mod el ing
by FLUKA and XCOM codes.

AU THOR CON TRI BU TIONS

Com pu ta tional mod el ing by Monte Carlo and
XCOM was car ried out by H. Majidi and S.
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Fig ure 3. Vari a tion of nor mal ized flux with con crete
thick ness for de ter mi na tion of HVL in or di nary and
ga lena con cretes in the pres ence of 137Cs gamma source

Fig ure 4. Vari a tion of nor mal ized flux with con crete
thick ness for de ter mi na tion of TVL in or di nary and
ga lena con cretes in the pres ence of 137Cs gamma source

Fig ure 5. The com par i son of nu mer i cal (FLUKA and
XCOM) and ex per i men tal vari a tions of at ten u a tion
co ef fi cients with in ci dent pho ton en ergy for or di nary
and the op ti mum ga lena con cretes



Sarshough, and ex per i ments were car ried out by K.
Hadad. All au thors an a lyzed and dis cussed the re sults.
The manu script was writ ten by S. Sarshough and K.
Hadad, and the fig ures were pre pared by K. Hadad.
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Kamal HADAD, Hosein MAXIDI, Samira SAR[OUH
UNAPRE\ENA  ZA[TITA  OD  ZRA^EWA  UPOTREBOM

BETONA  SA  GA LENA  MINERALOM

Razvijena je nova vrsta betona koji sadr`i min eral ga lena i ima poboq{ana za{titna
svojstva za primenu kod gama izvora zra~ewa. Kako bi se postigla optimalna za{titna svojstva,
ispitano je  deset vrsta betona sa ga lena mineralom razli~itog sastava i referentni standardni
beton gustine 2300 kg/m3. Istra`ivawa su obavqena eksperimentalno i numeri~ki ‡ upotrebom
programskih kodova Monte Karlo i XCOM. Pored osnovnih sastojaka vode i mikro-silikata,
ispitivani beton sadr`i min eral ga lena (koji ukqu~uje olovo). Na~iweni uzorci betona su visoke
gustine, od 4470 kg/m3 do 5623 kg/m3, i ~vrsto}e na pritisak od 628 kg/m2 do 685 kg/m2.  Utvr|ene HVL i
TVL vrednosti, pri ozra~ivawu cezijumom (137Cs), iznose 1.45 cm i 4.94 cm, respektivno, dok pri
ozra~ivawu kobaltom (60Co), HVL iznosi 2.42 cm. Ra~unarsko modelovawe upotrebom programa
FLUKA i XCOM daje dobro slagawe izme|u eksperimentalnih i numeri~kih rezultata.

Kqu~ne re~i: beton sa ga lena mineralom, za{tita od zra~ewa, Monte Karlo, FLUKA, XCOM


