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HIELDING PROPERTIES OF HEAVYWEIGHT CONCRETE
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ABSTRACT: Heavyweight concrele can be used when particular properties, such as combined high
strenglh and good radiation shielding, are required. Such concrete, using limenile aggregales, can have a
jensity in the range 4.2 tm® significantly higher than the density of concretes made with normal
aggregate. The present paper deals with sand-ilmenite heavy weight concrete. limenite has been used as

~oarse aggregate because of high specific gravity compared with gravel.
In the present work, 21 mixes were selected to achieve a slump above 5+ 2 cm and strength up to 40 MPa

at 56 days. The investligation used three levels of fine aggregates to total aggregates ratio ( 0.25, 0.4,
0.48), three cement content {350, 400, 450 kg/m® ) and four levels of imenite aggregate to total coarse
aggregate (gravel + limenite) ratio {0.25, 0.5, 0.75, 1) were used. The investigation provided information
on compressive sirength, shielding properlies and indicaled clear benefils from the use of imenile as a
coarse aggregate. For all type of coarse aggregate (gravel, lmenite), increasing the amount of fine
aggregate leads to reduction in each of compressive slrenglh and absorption co-efficient. Replacing the
gravel with llmenile yields about 35% increase in absorpticn co-efficient.
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1. INTRODUCTION

X-rays and gamma-rays are widely used in most fields of applied science. For example, there are used
for obtaining information on solids and liquids and for inspecling materials for flaw or foreign materials. X-
rays are aiso used in medical diagnosis , and gamma-rays are used in medical freatment (1, 2, 3.

The early workers in the field of radiation has a litlle knowledge of the dangers connected with exposure to
radiation. In today's installations the operators are usually protected by absorbing shields around the
radiation source. Concrete has useful properties as a radiation conlainment malerial. Normal concrele can
be used for shielding bul may require excessive thicknesses {4, 5). The cheice of suilable malerials to be
used as aggregates (6) will improve the attenuation of radiation and reduce the required thicknesses. High
densily materials are good attenuatars, and use of speclial high densily aggregates is desirable. Moreover,
attenuation of fast neulron also requires a high density materials, while the presence of hydrogen atoms
will make moderate and slow neutrons 1o be absorbed. Consequently, it is more useful to use heavy
weight concrele as shielding material lo protect the warkers from damaging effects of gamma rays
produced by radiation sources.(7, 8)

11 Research significance

The fundamental objecls of the present work is to present a new type of heavy weighl concretes by using
one of the local materials such as llmenile as a coarse aggregates for producing this type of concrele,
which may be used as shielding against x-rays and Gamma-rays.

2, EXPERIMENTAL PROGRAMME
21 Materials

Detailed information aboul the matenals used and their characteristics are given in this seclion.

Cemant Portland cemeni has been found to be adequate for production of heavy weight concrete.
Experience has indicated that PC is, in most cases, entirely salisfaclory and adequate for constructing
cancrale shielding (2, 8).

Aggregate The types of coarse aggregates which were used for the different mixes of the present work
ware grave land limenite. The physical properties of gravel ( swiss desert ) and limenite ( from red sea
mines, Egypt), and ASTM limils are shown in Table 1. The absorption of gravei was small enough to be
neglecled in cancrete mix design, while the absorption value of limenite was not relatively high and was
considered in concrete mix design. The results of chemical anaiysis of coarse aggregate are presented in
Table 2. The grading used was chosen accarding to the ASTM C-33 requirements for gravel and ASTM
C 637-84 and C 638-84 requirements for limenile. The sieve analysis for aggregales are given in
Table 3.The desert sand from El Tal El-kabir quarry used as a fine aggregale in preparing different
concrele mixes. The main physical properties of the used sand as well as corresponding recommended
limits of ASTM specification.

2.2 Mixed design

For designing concrete mixes, the mixes proportions are determined from making trial mixes which are
based on the absolute volume method. From the resulls of trial mixes, 21 different mixes of concrete have
been made and divided inlo two groups.

The first group contain nine mixes. These mixes involves a range of fine aggregate to coarse aggregale
(0.25, 0.4, 0.48), type of coarse aggregate {limenite, gravel, both with equal voiume). The cement content
for each mix was 350 kg/m’ . The main purpose of this group is to study the effecl of the change ¢f fine
aggregale to coarse aggregate ratio on lhe comprassive strength and shielding properties.

The second group contain 12 mixes These mixes involved a range of Imenite aggregate tc tolal coarse
aggregate( gravel + limenile) ratio { 0.25, 0.5, 0.75, 1), cement content { 350, 400, 450 kgjm:' ). The
effects of these parameters on compressive strength and shielding properties have been studies.
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For all mixes, The waler content has been assumed on condition thal is should give a plastic concrete mix
having a slump Of { 5 £ 2) cm. Table 4, 5 gives the composition of selected mixes.

Table 1 Physical and mechanical properties of different coarse aggregates

Property Gravel | limenile | ASTM limils
Specific gravity | 2.63 4.2 .16-32
Unit weight Um® | 1.72 2.69 1.2-1.76
Voids ralio % 7 416 <50 %
Absorplion % 0.7 2.21 0.2-4%
Crushing value 15.1 33.3 <40 %

Table 2 Chemical analysis of limenite coarse aggregate
Chemical analysis | TiO, | FeO | Fe, 0; {SiC, | ALO; | CaO
limenite 39 2792 | 2015 3.12 0.59 0.15

Table 3 Sieve analysis of coarse aggregate

! Sieve Size 37.5mm |25 mm [ 19mm | 12.5mm | 9.5 mm | 475 mm | 2.36 mm
| Passing % by weight 100 95 80 45 30 8 -
Table 4 Compaosition of mixes used in group A.
Mix No. [ Cement | waler | Gravel |llmenile | Sand Sand/ ( Total agg.)
kg/m® [ kg/m® | kgh® | kgim® | kgim® By volume

G1/A0 350 175 1392 - 4564 0.25

G2/A0 350 192 1086 - 724 0.4

G3I/AD 350 192 941 - 869 0.48

11744 350 175 - 2248 464 0.25

12/A4 350 210 - 1710 706 0.4

13/A4 350 210 | - | 1482 847 0.48

M1/A2 350 175 696 1124 464 0.25

M2/A2 350 192 543 877 724 0.4

MIA2 350 | 210 | 459 | 741 B47 0.48

2.3 Test specimens and Instrumentation

Compressive strength Compression lesls were carried oul on 100x100x100 mm cubes. All the cubes
have been tested by the use of a hydropower machine of a capacity of 200 lon. The load was applied
continuously, and the ioading rale was equal 1o aboul 2.45fkglcm2!sec. Load was applied until failure, and
the maximum load carried by specimen was recorded.

Shielding test Radialion shielding lests were performed using Coball-60 as a source for gamma rays.
Cobalt-60 has a hall-life of 5.27 years, and iis gamma rays have energies of 1171 keV and 1332 keV. The
tesis were carried out at National Inslitute of Standards, Dokki, Cairo, Egypt. The used thicknesses of lhe
tested specimens were ranging between 40 o 120 mm. Each specimen was placed between lhe gamma-
rays source and the delector. The specimen, source and delector were all on-line with the specimen In
contacl wilh the source. Figure 2 show lhe amangemenls reguired for carrying oul the shielding test, and
Figure 1 shows the specimens prepared for shielding test. Moreover, Figure 2 shows the ionization
chamber and the farmer which are used for measuring the radialion dose.
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Table 5 Composition of mixes used in group B

Mix No. | Cement waleq Graveﬂ limenite | Sand | limenite / { Totai coarse
agg.)
kgm* [kg/m® [ ka/m® | kgim® | kgfm By volume
M1/A4 350 175 - 2248 464 1.00
M1/B84 400 200 - 2120 437 1.00
M1/C4 450 225 - 1991 411 1.00
M1/A3 350 175 348 1686 464 0.75
M1/B3 400 200 328 1590 437 Q.75
M1/C3 450 225 308 1493 410 0.75
M1/A2 350 175 696 1124 464 0.5
M1/B2 400 200 656 1060 437 0.5
M1/C2 450 225 616 995 410 0.5
M1/A1 350 175 1044 562 464 0.25
M1/B1 400 200 984 530 437 0.25
M1/CH 450 225 924 497 410 0.25

Tesls were camried out on 150 diameter and 300 mm lenglh cylinders. Each specimen was cul by saw fo
different thickness, ranging from 40 to 120 mm. In a thickness dx of absorber materiat the fractional
reduction In the photon intensily | is ~ difl which is related to the attenuation coefficients p and the
thickness dx thus — dl /| = p dx. If the initial photon intensity is |, and the thickness of the absarber is x,
ihen by furlher manipulation the following equation (2} can be derived:

I=lpxe®* (1)

This equation is called the exponential equation, It is more convenient to refer to the layer or lhickness of
shisld required lo reduce the griginal radiation intensity by a factor of 2 or by a factor of 10. These are
called the "half value™ “tenth value” thickness respectively. The allenualion coefficien! for each type of
concrete was determined graphically from the transmission curve of this concrete type.

From the test, it is possible to calculale the thickness required to reduce the dose by factor 2 from the
equation estimated from the transmission curve as a function of distance.

Figure 1 Test specimen prepared lor shielding test.
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2.4 Mixing, casting and curing

Mixing concrele components has been done by using horizontal mixer with capacily of 0.125 m® and
speed of 15 revolution per minule. The fine and coarse aggregates have been placed inle the mixer and
have been mixed for 2 minutes. Then, the cement has been added to the aggregate and mixing operation
has been camisd oul for other 2 minutes. Next, water has been added and the mixing eperalion has been
performed for about 10 minutes to oblain a uniform and hornogenesus mix. The fresh concrete has been
placed in lhe molds at three equal layers, and each layer has been compacted by placing the mald on
mechanical vibrator lable. After filling the molds with concrete, they were kepl wilk their surfaces covered
with piastic sheets in air for 24 hours. Then, specimens were exlracted from the molds and were
immersed in fresh water uniil tested

4

N

1- Detector 2- Tested specimens 3- Gamma sourca 4-lLead shielg

Figure 2. Arrangement required for carrying out the shielding tesl

3. EXPERMENTAL RESULTS

31 Results and discussion of compressive strength

Figure 3 shows the values of the compressive slrenglh at different ages for the mixes of group A.
Increasing the ratio of fine aggregate from 0.25 to 0.4 leads lo about 22% reduction in compressive
strength, and increasing the same ralio from 0.25 lo 0.48 yields a 25% reduction in compressive strength.
Comparing gravel mixes with those of llmenite mixes, it can be noticed that lhat replacing grave! with
limenite yields a ( 3 — 24 % ) reduclicn in compressive strength, as shown in Figure 5. Comparing the
Gravel llmenile mixes with those of the limenite mixes, It can be remarked that replacing a half of the
gravet with limenile Jeads to a (3 -B %) reduction in compressive strength.
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Figure 4 contains the values of compressive strength at different ages for mixes of group B. For mixes
limenile ratio 1, increasing the cement content from 350 to 400 kg/m:' yields a 30% increase in
compressive sirength and increasing the cemant content from 350 to 450 results in a 40% increase in
compressive strength, as shown in Figure 6. Reduction of llmenite ratio from 1 to 0.75, il can be noliced
that this reduction leads to about { 10 — 38 %) increase in compressive strength. Decreasing the ralio of
limenite to tola) coarse aggregate from 0.75 to 0.5 leads to & (7 -13 %) reduction in compressive strength.
For all mixes, compressive strength increases as cement conlent increases. But it can be noticed thal the
cement content has a great effect an compressive strength for the mixes conlaining limenite alone as
coarse aggregate. '
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3.z Results and discussion of shielding test

Figure 7 show lhe transmission curves for lhe different mixes. Each of these curves show the relationship
between the transmission faclor and required Ihickness. Each of these curves is also the best fitting curve
for the points representing the tes! records. For each mix the absorption Co-efficient has been determined
from its curve, but the half —value layer has been determined from the equation 1. According to Figure 8, it
is clear lhat the absorplion co-efficient decreases as the ratio of fine aggregate to total aggregate
increases.
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For group A, il can be noticed that replacing gravel wilh limenite leads to about { 27 — 35} % increase in
the value of absorption co-efficient. Also , It can be remarked that replacing a half of the gravel with
limenite leads to about { 8 — 15} % increase in the vatue of the absorption Co-efficient. From Table 6, it
can be remarked that the absorplion Co-efficient increases as the unit weight increases.

Figure 9 shows the effact of the ratio of imenite to total coarse aggregale on absorplion Co-efficient for
mixes of group B. It can be showed that the absorption co-efficient increases as the ratio of limenite to
total coarse aggregate increases. The effecl of the cement on absorption co-elficient fcr the mixes of
group B is shown in Figure 9. It can be remarked that the abson;plion co-efficient corresponding to 400
kg/m® cement content is less than that corresponding to 350 kg/m”® cement content but the absorption co-
efficient to 450 kg/m® cement content is grealer than both. From Table 7, it can be noticed that reducing
lhe ratio of limenite to total coarse aggregate from 1.0 to 0.25 results in about 20% reduction in the
absorption co-efficient,

Table 6. Rasults of shielding test group A

Mix No. Sand/(Total agg.) |Density tm? i Haff-value layer
cm’! (cm.)
G1/A0 0.25 2.381 0.13 5.33
G2/A0 0.4 2.353 0.129 5.37
G3/AD 0.48 2.353 0.129 5.37
11/a4 0.25 3.278 0.175 3.96
12/A4 0.4 2.976 0.168 4.12
13/Ad 0.48 2.889 0.164 4.22
M1/a2 0.25 2.809 0.149 4.65
M2/A2 0.4 2.687 0.144 4.81
M3/A2 0.48 2.607 0.13% 4.96

Table 7. Results of shielding lest group B

Mix No. Cement Densily ym’ i Half-value layer
content kg/m® cm’! {cm)
M1/A4 350 3.278 0.175 3.96
M1/B4 400 3175 0.17 4.07
M1IC4 450 3.077 0.175 396
M1/A3 350 3.023 0.161 4.31
M1/83 400 2.655 0.154 4.50
M1/C3 ’ 450 2.887 0.157 4.15
M1/A2 350 2.889 0.149 4.65
M1/B2 400 2,753 0.147 4.70
M1/C2 450 2.697 0.165 4.20
M1/A1 350 2.595 0.139 4.98
M1/B1 400 2.551 0.135 5.10
M1/C1 450 2.508 0.142 4.88
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CONCLUSIONS

Based on the lest results obtained by presented study in this paper some conclusions concerning the
effects the main mix parameters on compressive strength and shielding properties of heavy weight
concrete (using limenite as a coarse aggregate) can be recommended:

1.

2.

3.

For all kinds of coarse aggregale, increasing the ratio of fine aggregate to tolal coarse aggregate
leads to reduction in each compressive strength and absorption co-efficient.

Using llmenite 100% as a coarse aggregale increasing the absorption co-efficient by {27-35%)
comparing with its value when the gravel is used as a coarse aggregale with ratio 100%.

Using the mixtura from gravel and limenile each with a ratio 50% from the coarse aggregate lead
lo about 15% increase in the value of absorption co-efficient as well as the unit weighl increases.
The absorplion co-efficient increases as the ratio of limenile to total coarse aggregale increases,
reducing the ratio of {imenile to total coarse aggregale from 100% lo 25% leads to about 20%
reduction in absorplion co-efficient.

Cement content of 350 kg/m® and 450 kg/m’ lead to increase in absarption co-efficient, Whils
cement content of 400 kg/m” leads to decrease In absorplion co-efficient, bul the increase in
cemenl content yields on increass in cube compressive sfrength.

References

1.

2.
3.

Polivka M., Davis H. 8., "Radiation Effects and shielding"”, ASTM Sp. Tech. Publicaticn,
No. 1978, PP. 420434,

Kaplan M. F., (1989), "Concrete radiation shielding. Longman Scientific,” 1989, UK.

Nevil, A. M., "Properties of concrete”, Pitman Publisher, London, 1395

Turasse M., “The heavy concretes - physical properties and mechanical lests”,
Proceeding of the second United Nations conference on the peaceful uses of atomic
energy, 1858

Sengul O., Tesdemire C., Tesdemir M. A, "Influence of aggregate lype on Mechanical
Behavior of normal and high strength concretes”, ACI, Vol. 99, Nov. 1, 2002, P. 528 -
533,



Mansoura Engineering Journal, (MEJ). Vol. 29, No. |, March 2004. c. 72

6. Creutz E., Downes K., * Magnetite concrete for radiation shielding”, Journal of Applied
Physics, 20(12), December, 1949.

7. Davis H. S, Browne F. L., Witter H. C., "Properties of high-density concrete made wilh
iron aggregate”, ACI, 1956, Vol. 52, March.

8. Malher K., "High strength, high density concrete”, ACI Journal, American Concrete
Institute, Augest.,No. 8, 1965, Vol. 62. '

9. "Recommended practice for selecting proportions for Normal and heavyweight
Concrete", ACI, 211.1-74, 1975.




