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Ul tra-high strength con crete pro duced with agro-re sid ual wastes and in dus trial by-prod ucts
were tested for ra di a tion shield ing ca pac ity by mea sur ing the lin ear at ten u a tion co ef fi cient,
half value layer and tenth value layer. The lin ear at ten u a tion test re sults, show that the ul -
tra-high strength con crete with agro-re sid ual and in dus trial wastes can be ef fec tively em -
ployed in shield ing the ra di a tion. The half value layer re sults re veal that ra di a tion shield ing
con cretes can be pro duced us ing in dus trial and agro-re sid ual wastes, by con cen trat ing
equally on the en hance ment of both the ho mo ge ne ity and den sity of the con crete ma trix. The
ul tra-high strength con crete de vel oped in this in ves ti ga tion reg is tered a better ra di a tion
shield ing prop er ties than that of the con ven tional anti-ra di a tion shield ing con cretes with
high dense ag gre gates which are cost lier and found to have en vi ron men tal deg ra da tion along
with the health haz ards.
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INTRODUCTION

In re cent past, many re search ers in ves ti gated the
ra di a tion shield ing prop er ties of var i ous con cretes.
Sharma et al. [1] in ves ti gated the me chan i cal and ra di -
a tion shield ing prop er ties of fi bre re in forced con crete
with steel fibres, lead fibres and a com bi na tion of the
two (hy brid fibres). It was ob served that the hy brid
fibres showed a sig nif i cant en hance ment in both me -
chan i cal and ra di a tion shield ing prop er ties. Demir et
al. [2] in ves ti gated the con crete with dif fer ent ag gre -
gates such as bar ite, cole man ite and nor mal ag gre gate.
It was con cluded that the bar ite was ef fec tive for pho -
ton ra di a tion ab sorp tion, while cole man ite was good
ab sor bent to pre vent for neu tron trans mis sion. Sim i -
larly, Zaripova et al. [3] sug gest that con crete with bar -
ite is ef fec tive in shield ing ma te rial for nu clear power
plants and med i cal cen tres. Korkut et al. [4] pre pared
four bar ite and four con crete sam ples with 0 %, 5 %,
10 %, and 15 % cole man ite con cen tra tions, and car ried 
out neu tron dose trans mis sion mea sure ments by us ing
a source of mono-en er getic neu trons. The study re -
vealed that it is pos si ble to en hance the neu tron shield -
ing prop erty of bar ite and or di nary con crete by add ing
higher quan ti ties of cole man ite. Rezaei-Ochbelagh
and Azimkhani [5] stud ied the gamma-ray shield ing
prop er ties of con crete mixed with dif fer ent per cent -

ages of lead used. The lin ear at ten u a tion co ef fi cient
(LAC) of con crete with 90 % of lead was about 1.58
and 1.38 times higher than that of the con crete with out
lead. Mesbahi et al. [6] stud ied the ef fect of high-den -
sity con crete on photo neu tron pro duc tion in ra di a tion
ther apy us ing Monte Carlo sim u la tions. It has shown
that the high-den sity el e ments such as iron and lead in -
crease the photo neu tron pro duc tion in con crete walls
of ra di a tion ther apy bunk ers.

Ouda [7] ana lysed the ef fects of re plac ing sand
by iron slag on the com pres sive strength, bulk den sity
and gamma-ray ra di a tion shield ing prop er ties. It was
ob served that the full sand re place ment by iron slag
has sig nif i cant ef fects on shield ing ef fi ciency in thin
shields. It re duces the cap tured gamma-rays better
than the nor mal mor tar. Ouda [8] in ves ti gated the
air-cooled slag as an in no va tive sub sti tute for nat u ral
coarse ag gre gate in high per for mance heavy den sity
con crete. Con crete mixes con tain ing air-cooled slag
ag gre gate along with their fine por tions and treated
with 0.5 % bo rax showed the best abil ity to shield ing
against fast neu trons.

Elsharkawy and Sadawy [9] in ves ti gated the ef -
fect of gamma-ray en er gies and ad di tion of nano-SiO2
in ce ment on me chan i cal prop er ties and mass at ten u a -
tion co ef fi cient (MAC). It was con cluded that the ad -
di tion of nano-SiO2 ar ti cles im proves me chan i cal and
nu clear prop er ties of con crete. Kumar and Singh [10]
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stud ied the ef fects of dif fer ent per cent ages of bis -
muth-ground gran u lated blast fur nace slag (Bi-
GGBFS). It found that Bi-GGBFS con crete as gamma
ra di a tion shield ing ma te ri als are good ra di a tion
shield ing ma te rial. Yao et al. [11] in ves ti gated the me -
chan i cal per for mance and gamma-ray shield ing by
add ing bis muth ox ide. Con crete mix ture with lead
used for com par i son. Con crete in cor po rated with the
Bi2O3 ad di tive of fered slightly better ra di a tion at ten u -
a tion prop er ties than those in cor po rated with the PbO
ad di tive. From the past lit er a ture stud ies, the ul -
tra-high strength con crete (UHSC), a spe cial ized type
of con crete char ac ter ized by its high com pres sive
strength, has not been tested for its ra di a tion shield ing
abil ity by any of the re searcher. To eval u ate the ra di a -
tion shield ing ca pa bil ity, the UHSC is pro duced with
sug ar cane ba gasse ash, rice husk ash, ground cop per
slag (GCS), and waste gran ite sand (WGS).

The ba sic mix ture of con crete, com posed of hy -
dro gen and other light nu clei, helps it in ac quir ing the
high atomic num ber, which makes con crete to ef fec -
tively at ten u ate the ra di a tion [7]. Fur ther with the ad -
di tion of nat u ral heavy weight ag gre gates such as
mag ne tite, he ma tite li mo nite, bar ite, baux ite, ser pen -
tine, and ar ti fi cial ag gre gate ad di tives like iron punch -
ing and lead shots, the at ten u a tion prop er ties of con -
crete can be im pro vised to a greater ex tent [12]. The
con cretes of such type are gen er ally re ferred as
high-den sity con crete (HDC) whose den sity var ies
from 2800 kgm–3 de pend ing on the type of coarse ag -
gre gate used in the pro duc tion. The use of spe cial ag -
gre gates has been proved to en hance the shield ing
char ac ter is tics of con crete, but the pro duc tion pro cess
of these ag gre gates in clude some en vi ron men tal deg -
ra da tion which causes health haz ards due to the ex po -
sure to  the toxic pow ders emit ted from crush ing of the
heavy weight min er als needed to form ag gre gates
[11]. Also, the cost of these ma te ri als is high and their
avail abil ity is lim ited [13]. The use of en vi ron men tally 
friendly ma te ri als and in dus trial wastes for the con -
crete is in the cur rent fo cus of re search to pro duce eco -
nom i cal prod ucts with good qual i ties and to find a way 
for dis pos ing the wastes ef fec tively. So far, in the re -
search on ra di a tion shield ing con crete, the fo cus has
been on de vel op ing HDC with dif fer ent types of nat u -
ral and ar ti fi cial ag gre gates, filler ma te ri als and chang -
ing the ma te rial com po si tion of the con ven tional
HDC, with a main fo cus on in creas ing the den sity of
the con crete.

The re search fo cus ing on im prov ing the ho mo -
ge ne ity has not been car ried out on con cretes used for
ra di a tion shield ing. As like nor mal strength con crete,
high strength con crete has a re duced ho mo ge ne ity
among the binder pastes and at the zone be tween in ter -
ac tion of binder and ag gre gates. Still, the in creased
load car ry ing ca pac ity of HDC, when com pared to
con crete with nor mal den sity, is cred ited to the high
com press ibil ity na ture of heavy weight ag gre gates

used in its pro duc tion. The re search con cen trat ing on
the in flu ence of na ture of the hard ened binder struc -
ture on ra di a tion shield ing of is al most nil.

In the cur rent in ves ti ga tion, the hy poth e sis is
that the de vel op ment of con crete by com bin ing the
con cept of high ho mo ge ne ity along with high den sity
would re sult in a con crete prod uct with en hanced ra di -
a tion shield ing. The choice of con crete type in the cur -
rent in ves ti ga tion is UHSC, which has been proven by
many re search ers to have high ho mo ge ne ity [14]. It is
con sid ered that high ho mo ge ne ity of con crete would
im prove the ra di a tion shield ing prop erty. When com -
bined with high den sity in dus trial wastes as ag gre -
gates, the ra di a tion shield ing will fur ther be en hanced.
There fore, the UHSC pro duced with agro-re sid ual
wastes such as treated ba gasse ash (TBA) and treated
rice husk ash (TRA) as re place ment for ce ment and in -
dus trial wastes such as GCS and WGS as re place ment
for quartz sand was tested for the ra di a tion shield ing
ef fi ciency. The avail abil ity of lit er a ture on ra di a tion
shield ing prop erty of UHSC is al most nil and the cur -
rent in ves ti ga tion is con sid ered to be the first in this
cat e gory.

RADIATION SHIELDING
CHARACTERISTICS OF UHSC

Radiation attenuation test

In the pres ent in ves ti ga tion, ra di a tion shield ing
char ac ter is tics of UHSC was in ves ti gated us ing the fa -
cil ity avail able in Gov ern ment Hos pi tal at Madurai,
Tamil Nadu, In dia. Ra di a tion shield ing test was per -
formed us ing ra dio ac tive source of 60Co with en ergy
level of 1.173 MeV and 1.333 MeV which can be as -
sumed as sin gle source with av er age en ergy of 1.125
MeV with ex po sure rate con stant of 127. The spec i -
men was tested for count ing time of 1 min ute. The
LAC (µ) of the spec i men was mea sured by ion cham -
ber de tec tor. The MAC of spec i men (µ/r) was cal cu -
lated by den sity of spec i men (r). The test set up for ra -
di a tion at ten u a tion test is shown in fig. 1.

RESULTS AND DISCUSSION

The test for eval u at ing the ra di a tion shield ing ca -
pac ity of UHSC was car ried out on the sam ples with
mix cat e gory that has proved to have better strength and 
du ra bil ity prop er ties. The UHSC pro duced in di vid u ally 
with 15 % of TBA and TRA as par tial re place ment for
ce ment has ex hib ited better strength and du ra bil ity. In
case of quartz sand re place ment, UHSC hav ing dif fer -
ent pro por tions of GCS rang ing from 10 % to 60 % and
WGS rang ing from 10 % to 40 % has shown better
strength and du ra bil ity en hance ments. Hence in this in -
ves ti ga tion, the ra di a tion shield ing be hav iour has been
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eval u ated for the above se lected sam ples sub jected to
nor mal, steam and heat cur ing re gimes. The sam ples
were sub jected to a ra dio ac tive source of 60Co with en -
ergy level of 1.173 MeV and 1.333 MeV which can be
as sumed as sin gle source with av er age en ergy source of
1.125 MeV. The source ex hib ited an ex po sure rate con -
stant of 127. The spec i mens were tested for count ing
time of 1 min ute. The LAC µ of the spec i mens was mea -
sured by ion cham ber de tec tor. Us ing the lin ear co ef fi -
cient val ues, the MAC, half value layer (HVL), and
tenth value layer (TVL) were cal cu lated. The test was
car ried out on UHSC sam ples of size 150 mm  150 mm 
and 10 mm thick tile spec i men as shown in fig. 2.

Linear attenuation coefficient

The LAC in di rectly mea sures the in ten sity of a
pho ton beam as it passes through an ab sorber ma te rial, 
in di cat ing the rate at which the beam at tenu ates while
tra vers ing the ma te rial. It de pends not only on the in -
ten sity of the pho ton en ergy but also based on the type
and den sity of the ma te rial. In gen eral, it has been re -
ported in var i ous lit er a tures that higher the LAC val -
ues of con crete better the ra di a tion shield ing. To in ves -
ti gate the in flu ence of steel fi bre on lin ear at ten u a tion
be hav iour, con trol con crete sam ple with out fi bre was
pre pared and sub jected to the ra di a tion en ergy source.
The LAC val ues for dif fer ent sam ples of UHSC pre -
pared in this in ves ti ga tion are given in tab. 1.

The LAC value in cm–1 for the con trol mix ture
with out fi bre (CMWF) was 0.074, 0.095, and 0.107
for nor mal, steam and heat cur ing, re spec tively. Those
val ues for the UHSC with the ad di tion of steel fi bre
were 0.108, 0.117, and 0.126, re spec tively. Fig ure 3
pres ents the LAC val ues for con trol mix (CM) with
and with out steel fibres.

The re sults show that the ad di tion of steel fibres
con sid er ably in creases the at ten u a tion. The rea son for
this is the mi cro ag gre gate be hav iour of mi cro steel
fibres be cause of their di men sion, which is 0.12 mm
di am e ter and 10 mm length. It has been re ported by
Azeez et al. [15] and Maslehuddin et al. [13], in their
re search, that the ad di tion of iron gran ules and steel
shots have im proved the ra di a tion shield ing, as the ad -
di tion of these ma te ri als in creased the den sity of the
re spec tive con cretes, thereby im prov ing the lin ear at -
ten u a tion. The same can be re lated to the at ten u a tion
im prove ment of fi bre re in forced UHSC spec i mens.
The man u fac turer of the fi bre has re ported in their
datasheet, that one ki lo gram of fibres has ap prox i -
mately 11,32,000 in di vid ual fibres and these fibres act
as mi cro ag gre gates to ef fec tively at ten u ate the ra di a -
tion. In the pres ent in ves ti ga tion, LAC of CMWF sub -
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Fig ure 1. Test set-up for ra di a tion at ten u a tion

Fig ure 2. Test sam ple for lin ear at ten u a tion test

Table 1. The LAC of UHSC

Mix
designation

LAC [cm–1]
Normal curing Steam curing Heat curing

CMWF 0.074 0.095 0.107
CM 0.108 0.117 0.126

TBA15 0.110 0.123 0.127
TRA15 0.109 0.120 0.127
GCS10 0.148 0.162 0.167
GCS20 0.171 0.185 0.210
GCS30 0.205 0.229 0.234
GCS40 0.234 0.244 0.264
GCS50 0.254 0.275 0.285
GCS60 0.269 0.285 0.290
WGS10 0.112 0.130 0.144
WGS20 0.139 0.157 0.162
WGS30 0.157 0.185 0.200
WGS40 0.195 0.224 0.239

Fig ure 3. The LAC for CM with and with out fi bre



jected to nor mal cur ing was 0.074 cm–1 with 10 mm
thick sam ple and this value was al most twice that of
HDC pro duced with mag ne tite as a coarse ag gre gate,
as re ported by Ouda [7], on test ing a sam ple of 20 mm
thick. This clearly shows that UHSC can be ef fec tively 
used in shield ing the ra di a tion with min i mum thick -
ness when com pared with HDC.

In the pres ence of TBA and TRA it has been reg -
is tered an in crease in re sis tance to ra di a tion un der dif -
fer ent cur ing re gimes and that is shown in fig. 4. It can
be said that the ad di tion of TBA and TRA in the UHSC
mix has a pos i tive ef fect on the at ten u a tion per for -
mance of UHSC. This in crease in at ten u a tion is due to
the in cor po ra tion of ad di tional crys tal line C-S-H [9].
A sim i lar find ing has been re ported by Azeez et al.
[15] based on their re search on eval u at ing the in flu -
ence of blast fur nace slag on the lin ear at ten u a tion of
anti-ra di a tion shield ing con crete. The ad di tion of sup -
ple men tary cementitious ma te ri als will have sig nif i -
cant im prove ment in the at ten u a tion be hav iour of con -
crete.

It has been em pha sized in pre vi ous re search
works that the ra di a tion shield ing prop er ties of con -
crete can be im pro vised con sid er ably by mak ing mod -
i fi ca tion in the ag gre gates rather than on the bind ers.
Sim i larly, the UHSC with ag gre gate re place ment by
in dus trial wastes has shown im prove ment in LAC val -
ues.  Dras tic in crease in val ues of LAC was ob served
with the in cor po ra tion of GCS in UHSC ma trix and the 
vari a tion in LAC val ues with the GCS con tent is pre -
sented in fig. 5.

A sig nif i cant in crease in at ten u a tion was ob -
served even for a min i mal re place ment of 10 % of
quartz sand with GCS and the per cent age in crease in
at ten u a tion was about 37 %, 32 %, and 39 % when
com pared with the cor re spond ing CM for spec i mens
sub jected to nor mal, steam and heat cur ing re spec -
tively. An in creas ing trend in at ten u a tion co ef fi cient
value was ob served for all the mixes con tain ing GCS
as  sub sti tute  for  quartz  sand,  rang ing from 10 % to
60 %. The high est LAC value was reg is tered for
GCS60 and the per cent age in crease in LAC val ues

was 150 %, 130 %, and 144 % when com pared with
the cor re spond ing CM for spec i mens sub jected to nor -
mal, steam and heat cur ing re spec tively. In crease in
LAC by more than 100 % was ob served for UHSC
spec i mens with GCS per cent age rang ing from 40 % to
60 %, when com pared with the CM for all the cur ing
re gimes adopted in this in ves ti ga tion.

The test re sults ex plain that with the ad di tion of
GCS, the abil ity of UHSC to shield the ra di a tion en -
hances enor mously and hence UHSC with GCS can
ef fec tively be ap plied in ar eas where shield ing of ra di -
a tion is man da tory. It has been re ported, in a re search
to de velop HDC with mag ne tite as ag gre gate, by Ouda 
[7] that the max i mum LAC value was 0.205 cm–1 for
sam ple thick ness of 100 mm. In an other re search, by
Rezaei-Ochbelagh and Azimkhani [5], the max i mum
value of LAC was 0.21 cm–1 for con crete pro duced
with lead pow der. But in the pres ent in ves ti ga tion, the
max i mum value of LAC mea sured on sam ple of 10
mm thick ness was 0.290 cm–1 for spec i men with 60 %
GCS sub jected to heat cur ing. In both the re search
stated above, the ra di a tion en ergy source was same as
that used in the pres ent in ves ti ga tion.

The vari a tion in LAC of UHSC pro duced with
dif fer ent pro por tions of WGS as sub sti tute for quartz
sand is pre sented in tab. 1 and fig. 6. An in creas ing
trend was ob served at all the re place ment per cent ages
con sid ered in this study. For UHSC with WGS, the
max i mum value of lin ear at ten u a tion was for WGS40
ir re spec tive of the cur ing re gimes. For WGS40, the
per cent age in crease in the LAC was 81 %, 90 %, and
92 % for spec i mens sub jected to nor mal, steam and
heat cur ing, re spec tively, when com pared with the
cor re spond ing CM. The WGS30 which has ex hib ited
the high est strength and du ra bil ity prop er ties among
the spec i mens pro duced with WGS, the per cent age in -
crease in LAC was only 46 %, 59 %, and 59% , re spec -
tively, for cur ing re gimes listed in the pre vi ous or der,
which is lower than that of WGS40. Hav ing the same
binder con tent, fi bre con tent and wa ter ce ment ra tio,
the in crease in LAC with in crease in WGS is at trib uted 
to the en hance ment in den sity due to the in cor po ra tion
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Fig ure 4. The LAC for UHSC with TBA/TRA

Fig ure 5. The LAC of UHSC with GCS



of more WGS. The stated rea son is sup ported by the
den sity de ter mined for sam ples sub jected to ra di a tion
as shown in tab. 2.

It is ob served that the in clu sion of WGS in -
creases  the  den sity  of  the  con crete  and  there  by  at -
ten u at ing  the  ra di a tion.  The den sity of WGS40 is
2.83 gcm–3, 2.92 gcm–3, and 2.98 gcm–3 for nor mal,
steam and heat cured spec i mens re spec tively. The den -
sity val ues are much smaller when com pared to the
prac ti cally used HDC whose den sity starts from a min -
i mum of 3.5 gcm–3 [16]. As the spe cific grav ity of both 
the quartz sand and WGS are al most the same, the
better at ten u a tion of UHSC with WGS is due to the im -
prove ment in pack ing den sity by ad di tion of fine WGS 
and ho mo ge ne ity en hance ment. In pre vi ous re -
searches on anti-ra di a tion shield ing con crete, the den -
sity was given the ma jor con sid er ation, but the LAC
de ter mined in this in ves ti ga tion sug gests that in ad di -
tion to den sity, ho mo ge ne ity of the con crete ma trix has 
to be given more con sid er ation in pro duc ing a con -
crete with en hanced ra di a tion shield ing char ac ter is -
tics.

The at ten u a tion prop erty of the con crete de -
pends on the thick ness of the sam ple tested and it in -
creases with the thick ness of the con crete [7]. In the
pres ent in ves ti ga tion, the at ten u a tion val ues were de -
ter mined us ing spec i mens of 10 mm thick ness and al -

most all the test spec i mens with GCS and WGS have
LAC val ues greater than or, equal to that of HDC.
Hence, it can be stated that UHSC with GCS and WGS
can be ef fec tive in shield ing the ra di a tion and this can
be fur ther im proved with the in crease in the thick ness,
mak ing it suit able for high en ergy ra di a tion and neu -
tron shield ing. The in crease in shield ing re sis tance
with use of GCS in UHSC is due to the higher den sity
of CS, as its spe cific grav ity is 3.52 equiv a lent to the
high-den sity ag gre gates used in the pro duc tion of
HDC for shield ing ra di a tion and im prove ment in ho -
mo ge ne ity due to the fine size of GCS with par ti cle
sizes less than 600 m.

All the in gre di ents of UHSC be ing the same for
any par tic u lar mix con tain ing TBA, TRA, GCS, and
WGS, the dif fer ence in LAC and den sity was ob served 
among the sam ples sub jected to dif fer ent cur ing re -
gimes. The den sity of spec i mens sub jected to el e vated
tem per a ture cur ing i. e. steam and heat cur ing is higher
than that of nor mal cur ing. The in crease in LAC and
den sity un der el e vated cur ing is due to the for ma tion
of ad di tional C-S-H, which goes on to fill the mi -
cro/nano pores pres ent in the ma trix and rapid crys tal -
li za tion of C-S-H. Among the three cur ing re gimes
con sid ered in this study, heat cured spec i mens have
shown better re sis tance against shield ing be cause of
the abil ity to pro duce crys tal line C-S-H, fol lowed by
steam and nor mal cur ing.

The lin ear at ten u a tion test re sults sug gest that ra -
di a tion shield ing con cretes can be pro duced us ing in -
dus trial and agro-re sid ual wastes ef fi ciently in stead of
con ven tional high dense ag gre gates which are cost lier
and caus ing some en vi ron men tal deg ra da tion, by con -
cen trat ing equally on the ho mo ge ne ity and den sity of
the con crete. Most of the HDC used prac ti cally have
com pres sive strength rang ing from 60 MPa to 100
MPa, whereas in the pres ent in ves ti ga tion, the min i -
mum com pres sive strength was above 180 MPa and the
max i mum was above 325 MPa. Ul tra-high strength,
along with the good ra di a tion shield ing prop er ties,
make UHSC pro duced in this in ves ti ga tion a fa vour -
able ma te rial for ra di a tion shield ing struc tures, with
high load car ry ing ca pac ity es pe cially where struc tures
with re duced struc tural com po nent size are re quired as
in high rise nu clear re ac tor con struc tions. An other ma -
jor prob lem with HDC is its prone ness to seg re ga tion in
fresh state, but with UHSC the seg re ga tion prob lem is
nil be cause of the size of the in gre di ents and the re duced 
wa ter to ce ment ra tio.

Mass attenuation coefficient

The MAC of con crete is the mea sure of prob a bil -
ity of in ter ac tion be tween the in ci dent pho ton and the
con crete and it used as an in di rect mea sure of change
in atomic num ber. The MAC val ues of con ven tional
UHSC and UHSC pro duced with 15 % TBA and TRA
as sub sti tute for ce ment and GCS rang ing from 10 % to 
60 % and WGS vary ing from 10 % to 30 % as par tial
sub sti tute for quartz sand, are pre sented in tab. 3. 
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Fig ure 6. The LAC of UHSC with WGS

Table 2. Density of UHSC specimens tested for radiation

Mix
designation

Density [gcm–3]
Normal curing Steam curing Heat curing

CMWF 2.43 2.52 2.66
CM 2.5 2.53 2.71

TBA15 2.47 2.65 2.72
TRA15 2.52 2.59 2.73
Q90G10 2.54 2.66 2.75
Q80G20 2.59 2.74 2.77
Q70G30 2.57 2.76 2.83
Q60G40 2.83 2.91 2.98
GCS10 3.04 3.16 3.27
GCS20 3.06 3.19 3.24
GCS30 3.09 3.15 3.21
GCS40 3.12 3.29 3.37
GCS50 3.25 3.31 3.37
GCS60 3.25 3.37 3.5



The val ues pre sented in tab. 3 show the frac -
tional re sul tant in dex ob tained by di vid ing the LAC by 
the den sity of the sam ples, in di cat ing the con tri bu tion
made by the UHSC to re sist the ra di a tion ir re spec tive
of the den sity of the sam ples. The higher the MAC the
better is the ra di a tion shield ing. From the re sults pre -
sented in tab. 3, it is ob served that the re place ment of
Port land ce ment with 15 % TBA and TRA in di vid u -
ally has yielded in MAC slightly higher than the CM.
Like the LAC val ues, the re place ment of quartz sand
with GCS up to 60 % and WGS up to 40 % in di vid u -
ally has yielded in higher MAC val ues. The max i mum
value of MAC was re corded for GCS60 and WGS40
with 0.083 cm2g–1 and 0.08 cm2g–1, re spec tively, for
heat cured spec i mens. The MAC value for CM was
only 0.046 cm2g–1 un der heat cur ing.

Half value layer

The HVL is de fined as the thick ness of ma te rial
re quired to re duce the in ten sity of the in com ing beam
by one half, and these val ues are cal cu lated us ing the
LAC val ues of the sam ples. The lower the val ues of
HVL the better is the per for mance of con crete against
the ra di a tion. The HVL val ues of UHSC spec i mens
pro duced in the pres ent in ves ti ga tion are pre sented in
the tab. 4.

Fig ure 7 pres ents the vari a tions of HVL with the
re spect to the re place ment of ce ment with TBA and
TRA. It can be ob served from the test re sults that the
HVL val ues of UHSC with out fi bre were 9.43 cm,
7.30 cm, and 6.48 cm for nor mal, steam and heat cured
spec i mens, re spec tively. These val ues are well be low
that of 17.32 cm for HDC pro duced with mag ne tite,
cal cu lated from the LAC value for a spec i men of
thick ness 20 mm, as re ported by Ouda [8]. This clearly 
shows the abil ity of UHSC even with out fi bre to at ten -
u ate the ra di a tion with a thick ness well be low 10 cm.
The re view of pre vi ous lit er a tures in di cates that most
of the tests to as sess the LAC were car ried out on spec -

i mens with min i mum thick ness of 10 cm, which will
be yield ing higher LAC val ues, be cause the LAC in -
creases with the in crease in thick ness of the spec i men
and when HVL is cal cu lated it will yield lower val ues.
The ideal thick ness for de ter mi na tion of LAC and
hence the HVL is 10 mm. But it is not pos si ble to pro -
duce spec i men with a thick ness of 10 mm us ing HDC,
as they have mean ag gre gate size of 20 mm, whereas
prep a ra tion of spec i men with 10 mm thick ness is pos -
si ble us ing UHSC be cause of fine sized in gre di ents
with max i mum par ti cle size of 600 m.

The HVL cal cu lated in this in ves ti ga tion is based
on the LAC ob tained by test ing 10 mm thick sam ple
against the ra di a tion source. There fore, it is con sid ered
that the HVL val ues pre sented in the tab. 4 pro vide re li -
able data when com pared with other re searches on ra di -
a tion shield ing char ac ter is tics of HDC. The ad di tion of
steel fibres aids in re duc ing the HVL thick ness of
UHSC to 6.42 cm, 5.92 cm, and 5.50 cm for nor mal,
steam and heat cured spec i mens. The per cent age re duc -
tion in thick ness is 32 %, 19 %, and 15 %, re spec tively,
for nor mal, steam and heat cured spec i mens when com -
pared with their coun ter parts with out fi bre. The pres -
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Table 3. The MAC of UHSC

Mix
designation

MAC [cm2g–1]
Normal curing Steam curing Heat curing

CMWF 0.030 0.038 0.040
CM 0.043 0.046 0.046

TBA15 0.044 0.05 0.05
TRA15 0.044 0.05 0.05
GCS10 0.049 0.051 0.051
GCS20 0.056 0.058 0.065
GCS30 0.066 0.073 0.073
GCS40 0.075 0.074 0.078
GCS50 0.078 0.083 0.085
GCS60 0.083 0.085 0.083
WGS10 0.044 0.049 0.052
WGS20 0.054 0.057 0.059
WGS30 0.061 0.067 0.071
WGS40 0.069 0.077 0.080

Table 4. The HVL of UHSC

Mix
designation

HVL [cm]
Normal curing Steam curing Heat curing

CMWF 9.43 7.30 6.48
CM 6.42 5.92 5.50

TBA15 6.30 5.64 5.46
TRA15 6.36 5.78 5.46
GCS10 4.67 4.28 4.16
GCS20 4.05 3.75 3.31
GCS30 3.39 3.03 2.96
GCS40 2.96 2.84 2.62
GCS50 2.73 2.52 2.43
GCS60 2.57 2.43 2.39
WGS10 6.17 5.32 4.82
WGS20 4.98 4.40 4.28
WGS30 4.40 3.74 3.47
WGS40 3.55 3.09 2.90

Fig ure 7. The HVL of UHSC with TBA/TRA



ence of fi bre has much in flu ence on the spec i mens sub -
jected nor mal cur ing than the steam and heat cured
spec i mens. 

The ad di tion of GCS and WGS in de pend ently in
the UHSC has pos i tive im pact in re duc ing the HVL
thick ness. The vari a tion of HVL with GCS and WGS
con tent is de picted in figs. 8 and 9 re spec tively.

The UHSC with GCS has yielded re duced HVL
at all re place ment per cent ages when com pared with
the CM. The max i mum re duc tion is reg is tered for
GCS60 and the per cent age re duc tion is 60 %, 59 %,
and 57 % for the cor re spond ing nor mal, steam and
heat cured spec i mens, re spec tively. The HVL value re -
duces with in crease in the WGS con tent in the mix for
all the re place ment per cent ages con sid ered for as sess -
ing the ra di a tion at ten u a tion of UHSC, and the max i -
mum re duc tion was for UHSC with 40 % WGS, with a
per cent age re duc tion of about 44 %, 47 %, and 48 % in
the or der of nor mal, steam and heat cured spec i mens,
re spec tively.

The low est HVL value among all the UHSC spec -
i mens is for GCS60 sub jected to heat cur ing hav ing a
thick ness of 2.39 cm, which is suf fi cient to re duce the
ra di a tion by 50 % of its orig i nal in ten sity. This value of
HVL is lesser than 2.49 cm for heavy weight con crete
pro duced with Cole man ite-Ga lena as ag gre gate with a

max i mum con crete den sity of 4.65 gcm–3, de vel oped
by Mortazavi et al. [16] and 3.6 cm for heavy weight
con crete pro duced with bis muth ox ide, de vel oped by
Yao et al. [11]. It is in ter est ing to note that den sity of
UHSC with 60 % GCS was 3.48 gcm–3, well be low the
den sity men tioned in both the pre vi ous re ports. Thus, it
is ev i dent that UHSC can ef fec tively be uti lized in
shield ing the ra di a tion.

Tenth value layer

The TVL is de fined as the thick ness of ma te rial
re quired to re duce the in ten sity of the in com ing beam
by one tenth and these val ues are cal cu lated us ing the
LAC val ues of the sam ples, sim i lar to HVL. The re -
duced val ues of TVL in di cate the in creased re sis tance
in shield ing the ra di a tion. The TVL val ues for UHSC
sam ples tested for ra di a tion at ten u a tion ef fi ciency are
pre sented in tab. 5. Sim i lar to HVL, GCS60 and
WGS40 have topped the ta ble be cause of their im -
proved den sity and ho mo ge ne ity.

SUMMARY

The study high lights the sig nif i cant ra di a tion
shield ing ca pa bil i ties of UHSC com pared to con ven -
tional HDC. The in clu sion of steel fi bers and sup ple -
men tary cementitious ma te ri als such as TBA and TRA
sig nif i cantly im proved shield ing ef fi ciency, as ev i -
denced by the in creased LAC and MAC and re duced
HVL and TVL. Op ti mal re place ment lev els of 15 %
TBA or TRA en hanced ra di a tion re sis tance across all
the cur ing re gimes.

Fur ther more,  GCS and WGS played a cru cial
role in im prov ing at ten u a tion prop er ties. A 60 % GCS
mix dem on strated the high est LAC, with a sub stan tial
150 % im prove ment un der nor mal cur ing, com pared to
the con trol. Sim i larly, 40 % WGS sub sti tu tion yielded
sig nif i cant gains in at ten u a tion, pri mar ily due to in -
creased ma te rial den sity. The re duc tion in HVL and
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Fig ure 8. The HVL of UHSC with GCS

Fig ure 9. The HVL of UHSC with WGS

Table 5. The TVL of UHSC

Mix
designation

LAC [cm]
Normal curing Steam curing Heat curing

CMWF 31.33 24.26 21.52
CM 21.31 19.68 18.27

TBA15 20.93 18.72 18.13
TRA15 21.12 19.19 18.13
GCS10 15.53 14.21 13.81
GCS20 13.47 12.45 10.99
GCS30 11.25 10.05 9.84
GCS40 9.84 9.44 8.71
GCS50 9.06 8.38 8.08
GCS60 8.54 8.08 7.93
WGS10 20.49 17.69 16.02
WGS20 16.54 14.62 14.21
WGS30 14.62 12.41 11.52
WGS40 11.81 10.27 9.63



TVL thick ness across all the mixes high lights the ef fec -
tive ness of these waste-based ma te ri als in ra di a tion
shield ing ap pli ca tions.

Among the cur ing meth ods, heat cur ing ex hib -
ited su pe rior shield ing per for mance, achiev ing max i -
mum re duc tions in HVL and TVL. Ad di tion ally, while 
tra di tional HDC typ i cally range from 60-100 MPa,
UHSC mixes in this study achieved de ci sive com pres -
sive strengths be tween 180 MPa and 325 MPa. The
com bi na tion of su pe rior strength and ra di a tion re sis -
tance po si tions UHSC as an ideal ma te rial for
high-load ra di a tion shield ing struc tures, such as nu -
clear re ac tors, where re duced struc tural com po nent
size is es sen tial.

 Based on the ex haus tive ex per i men tal in ves ti -
ga tion car ried out on UHSC with ef fec tive uti li sa tion
of agro-re sid ual and in dus trial wastes, it is strongly
con cluded that it is prac ti cally pos si ble to pro duce
UHSC with ex cel lent ra di a tion shield ing ca pa bil ity,
thereby mak ing it a sus tain able con struc tion ma te rial.
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Deivendiran RAXKUMAR, Ajalusami RAXASEKAR, Kalidas ARUNA^ALAM

POTENCIJAL  ZA[TITE  OD  ZRA^EWA  BETONA
ULTRAVISOKE  ^VRSTO]E  OD  AGROINDUSTRIJSKOG  OTPADA

Beton ultravisoke ~vrsto}e proizveden od agrozaostalih otpadaka i industrijskih
nusproizvoda testiran je na kapacitet za{tite od zra~ewa merewem koeficijenta linearnog
slabqewa, sloja poludebqine i sloja slabqewa na desetinu intenziteta. Rezultati testa
linearnog slabqewa pokazuju da se beton ultravisoke ~vrsto}e sa agrorezidualnim i
industrijskim otpadom mo`e efikasno koristiti u za{titi od zra~eqa. Rezultati za sloj
slabqewa  otkrivaju da se betoni za za{titu od zra~ewa mogu proizvoditi kori{}ewem
industrijskog i poqoprivrednog otpada, tako {to }e se podjednako koncentrisati na pove}awe
homogenosti i gustine betonske matrice. Beton ultravisoke ~vrsto}e razvijen u ovom
istra`ivawu registrovao je boqa svojstva za{tite od zra~ewa od konvencionalnih betona za
za{titu od zra~ewa sa agregatima visoke gustine koji su skupqi i za koje je utvr|eno da imaju
degradaciju `ivotne sredine zajedno sa opasnostima po zdravqe.

Kqu~ne re~i: beton ultravisoke ~vrsto}e, zra~ewe, koeficijent linearnog slabqewa,
..........................poludebqina, sloj slabqewa na desetinu intenziteta


