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Abstract

In the present work te effect of different duration (1 2 and 3 hours)

of high temperatures (250T, 500T, 750'C and 950'Q on the physical and
mechanical properties of eavy concrete shields were studied. The effect of
fire fitting systems on ordinary concrete was investigated. Te work was
extended to determine the effect of high temperature or accidental fire on the
radiation proper-ties of heavy weight concrete. Results sowed that ilmenite

concrete had the highest density, absorption, and modulus of elasticity when

compared to the other types of studied concrete and it had also higher values
of compressive, tensile, bending and bonding strength than ordinary or

baryte concrete. menite concrete had te highest attenuation of transmitted

gamma rays in comparing to gravel concrete and baryte concrete.
11menite concrete was more resistant to elevated temperature than gravel

concrete and baryte concrete. Foam or air as a fire fitting system in concrete

structure that exposed to high temperature or accidental fire proved that

better tban'%vater.
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Introduction

At elevated high temperature or accidental fire, concrete

surfaces exposed to beat are significantly affected. At free surfaces

the heat flow is caused by convection and radiation [1]. A preliminary

evaluation of the failure criteria showed that failure of heated concrete

surface occurs most likely by crack formation parallel to the hot

surface, degradation of concrete strength, and pressurization of

concrete pores are observed 2 The behavior and load bearing

capacity of concrete elements exposed to fire is the main task in fire

engineering design. Simplifications using temperature dependent
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stress/strain curves proved to be accurate 3 Also the required fire

duration for exceptional structures such as nuclear power plants or

large traffic tunnels is very important 4]. A concrete shield is exposed

to two sources of heat; heat transferred from the hot parts of the

reactor systems and heat produced internally by the attenuation of

neutrons and gamma rays [5]. Radiation attenuated by the shield does

not have a significantly deleterious effect on the shield itself. Energy

captured from the slowed down fast neutrons and the gamma rays

entering the shield from a reactor core is deposited within the

shielding material and liberated as heat. Its effect can be significant;

especially that most of the heat is produced in the layers of the shield

nearest to the reactor core [5]. In case of a burning sodium pool on a

concrete surface, the heat transferred from the sodium pool to the

concrete will cause release of physically and chemically bound water

from the concrete 6].

Kaplan et. al. found that some deterioration in the structural

properties would occur when mass concrete is exposed to high

temperatures, and also proved that the pattern of the changes in the

physical properties of unsealed specimens when heated to

temperatures of 70 C, 100 C and 150 T were different to that at

temperatures of 250 C and 400 C[7]. Also found that the changes in

concrete properties considered to be related mainly to the loss of water

from the cement gel and the capillary pores in the cement paste.

Gluekler was found that the local failures at the surface of concrete

structures (spallation) and significant water release have been

observed when surfaces were exposed to elevated temperatures as for

instance in building fires. In liquid metal fast breeder reactors, spillage

of hot sodium onto concrete structures could potentially cause such

failure 2].
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The aim of this work is to study the effect of accidental fire or

high temperature, ranging between 25 'C to 950 'C, and gamma

radiation on the mechanical properties of different types of heavy

concrete (gravel, baryle and ilmenite concrete) which used as shield in

nuclear facilities. The study was extended to investigate the effect of

fire protection painting material on concrete properties. Also to

studied the effect of different method re cooling on concrete

properties.

Material and Methods

The all properties of used cement were conformed to the

Egyptian Standard Specifications codes (ESS) of portland cement.

The physical and mechanical properties of used aggregates,

brought from natural mining in Egypt, were determined according to

American Standard for Testing Material codes (ASTM; C127, C128,

C- 29 and C-33). It was found that specific gravity, unite weight

(k g/M2) , and water absorption of gravel was 26, 1.7xl 03 and 09

respectively. While for bary-te it was 4 2.8x1 03 and 17 respectively

and for ilmemite it was 42, 2.9xl 03 and 2 respectively [8]. The grain

size distribution of used baryte and ilmenite was illustrated according

to ASTM C-637-84 while that of used gravel was compatible with

ASTM C702 which are acceptable to ESS. The main chemical

components of the used cement was found 63.5% CaO and 21.5%

SiO2 and for gravel it was found 95.5% SiO2 but for baryte it was

found 90.5% BaSO4 while for ilmenite it was found 21.5% TiO2 and

65.5% Fe2O3 [8]. The used water for concrete mixing was tap drinking

water, which is acceptable according to ESS No.190. FR2 viscous

colorless fire protection panting material supplied fom Chemicals for
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Modem Building company [CMB LEYDE] was used as protection

concrete paint from the effect of high temperatures.

Trial mix using the absolute volume method to obtain denser

concrete of used material was determined, and to avoid segregation of

heavy aggregate, smaller volume of heavy material were used, the

proportional of the final mix design to obtained 1 rn 3 of concrete is

given in Tab] e 1 

Table 1: Concrete proportional mix design

Used Fine Coarse Mixing Super-

material Cement aggregate aggregate water (W/C plasticizer
content (sikament-
gIM3 Of (< 5MM) (5-20mm) 40 %)

(k (kg/rr3 of (k g/M3 Of (lit./M3 Of 163�
Type of concrete) concrete) concrete) concrete) (lit./m of
concrete concrete)

Ordinary 400 750 1125 160

Baryte 400 1236 1510 160 1.5

11menite 400 1041 1933 1 160 1 2.1

Cubic, cylindrical and beam specimens were prepared according

to ASTM procedures to determine physical and mechanical properties

of the different types of tested concrete (ordinary, baryte and ilmenite

concrete. Other group of all samples was prepared and then painted by

FR2, as fire protection material (protected samples) to study the

mechanical properties.

Special specimens of 20OX200 mm in area but differing in

thickness 20, 40, 60, 80, and 100 mm) were mechanically cut to

measure the resistance (attenuation coefficient) of different types of

concrete to gamma radiation. Shielding tests for gamma rays were

performed using cobalt-60 and cesium-137 point sources of 37xI 04

Bq lpCi) activity. Computerized multichannel analyzer (MCA)
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connected to Nal (Sodium Iodide) detector was used to measure the

gamma activity.

Results and discussion

The physical properties of studied concrete types are shown in

Table2.

Table 2 Physical roperties of concrete

ysical Absorption %
per-ties Slump according Density after after 28 days

to ASTM C149- 28days (ASTM
Type of 90a) mm. (kg/mM 3 C462-90)
Concrete

Ordinary concrete 100-120 2.35x10-6 3.75

Baryte concrete 50 - 70 3.25 x10-6 2.8

limenite concrete 20 - 30 3.45 x10-6 2.5

It can be observed that the differences in slump values can be

attributed to the fact that the absorption of ilmenite aggregate is 2 ,

that of baryte aggregate is 17% while for gravel is 09%. ilmenite

concrete density was higher than gravel and baryte concrete by 47%

and 6 respectively. The difference of density can be attributed to the

difference in specific gravity of the used aggregates. Moreover,

ilmenite concrete showed the lowest value of water absorption. It was

lower than that gravel concrete by 33% while water absorption of

baryte concrete was lower than that of gravel concrete by 25%. The

difference of absorption percent can be attributed to the difference in

the void percent between gravel, baryte and ilmenite.

The mechanical properties of different types of studied concrete

at laboratory temperature 25 ± 3 Q were given in Table 3.
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Table 3 Mechanical properties of concrete

Mechanical
Flexural

roperhe Compressiv Tensile Bond Modulus of

e strength strength (Bending) strength elasticity

Type (F,) MPa (F,) MPa strength (Ff) MPa. GPa

Concrete (Ff) MPa

Ordinary 44 2.55 3.43 5.4 20.79

Baryte 47 2.85 4.42 6.89 29.03

11menite 1 51 1 3.53 5.4 1 6.87 34.43 1

It can be seen that the ilmenite concrete, in general, has higher

values of mechanical properties than baryte or ordinary concrete.

Ilmenite concrete showed an increase in compressive strength of 16%

and 8% when compared to gravel and baryte concrete respectively.

The ighest values of indirect tensile strength, flexural strength send

bond strength was obtained for the ilmenite concrete. The indirect

tensile strength of ilmenite concrete was higher than that of gravel and

baryte concrete by 38% and 24% respectivelywhile its was higher

than that of flexural strength of gravel and baryte concrete by 57% and

22% respectively. Increase in bond strength of ilmenite concrete was

achieved, it showed an increase of 27% and 17% when compared to

gravel and baryte concrete respectively. Modulus of elasticity of

ilmenite concrete was higher than that of gravel and baryte concrete

by 66% and 19% respectively. Ibis is attributed due to rigidity of the

aggregate.
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Results of the maximum compressive strength (MPa of

different types of concrete, at different degrees of temperature for 2

hours duration are given in Table 4.

Table 4 The effect of temperature on concrete compressive
strength

TemperatUTe

egree 25 C 250 C 500 C 750 OC 950 C
Type of
Concrete
Ordinary concrete 44 36.79 18.2 6.58 0.0

Baryte concrete 47 43.95 28.25 15.0 6.77
11menite concrete 51 47.58 43.2 29.92 13.44

Exposure to different temperatures leads to reductions in

compressive strength of concrete. From the obtained results it can

found tat the reduction percent in compressive strength of ordinary

gravel concrete was about 10%, 59%, 85% and 100% when exposed

for two hours to temperature of 250 T, 500 'C, 750 and 950 T

respectively. But for baryte concrete the reduction percent was found

to be about 7, 40%, 68% and 85% while for ilmenite concrete the

reduction percent in ompressive strength was 7, 15%, 40% and

74% for the same heat duration and temperatures respectively. Ile

reduction in compressive strength can be attributed to the driven out

of both free water and fraction water of hydration in of concrete due to

high temperatures, dehydration of concrete causes a decrease in its

strength, elastic modulus, coefficient of thermal expansion and

thermal conductivity.

The effect of heating duration at different degrees of

temperature on mechanical properties of protected and unprotected

ordinary concrete specimens are given in Table 5. From table it can be

seen that compressive strength of ordinary concrete sowed a minor
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reduction when heated at 250 C for 1 2 and 3 hours in both cases of

protected and unprotected concrete samples. But it was extremely

affected when heated at 500 for hour in case of unprotected

ordinary concrete, on the other hand the protected concrete was mildly

affected. The reduction in bending strength was higher than the

reduction in compressive strength of concrete when heated at the same

temperature and for the same duration. The bending strength of

ordinary concrete was extremely affected by exposure to beat at 250

T for 12 and 3 hours for both protected and unprotected specimens.

At temperatures above 500 for one hour duration, the concrete

progressively lost its compressive strength, which dropped to about

55% of the room temperature strength. Generally the mechanical

properties of concrete (compressive, tensile, bending and bonding

strength) were inversely proportional to heating temperatures or firing

time. The effect of different cooling methods on compressive strength

(MPa) of protected and unprotected ordinary concrete specimens for

different heating durations at different degrees of temperature are

given Table 6.
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Table5: Effect of different heating duration on mechanical
properti

emperature
degree C 0

25 T 250 C 500 C 750 C 950 C
properties of
Concrete

1 44 40.2 22.1 23.1 5.89
2 44 36.78 18.15 6.57 0.0

3 44 28.93 9.81 0.0 0.0

1 44 41.69 26.0 14.22 6.87
2 44 39.24 23.55 7.85 0.0
3 44 32.37 13.73 2.95 0.0

t; 1 2.55 1.96 0.98 0.59 0.11
2 2.55 1.77 0.78 0.0 0.0

C
3 2.55 1.37 0.39 0.0 0.0

1 2.55 2.21 1.40 0.74 0.15

2 2. 5 1.91 1.0 0.42 0.0 1
CL 3 2.55 1.52 0.66 0.0 0.0

1 3.43 2.71 1.01 0.30 0.10
2 3.43 1.96 1 0.69 0.0 0.0;T. C

3.43 1.21 0.59 0.0 0.0064

1 3.43 2.95 1.72 0.70 0.10

z 2 3.43 2.45 1.42 0.30 0.0
3 3.43 1.42 0.78 0.0 0.0
1 5.4 2.75 1.37 0.60 0.10

2 5.4 2.35 0.98 0.15 0.0

3 5.4 1.77 0.59 0.0 0.0

1 5.4 2.95 1.67 0.80 0.15

2 5.4 2.16 1.13 0.17 0.0

3 5.4 1.47 0.69 0.0 0.0

The coating material had no significant effect in temperatures higher

than 50 T but cooling by water lead to more reduction in

compressive strength of concrete than cooling by air or foam type

because using water as cooling system leads to a big damage in

concrete properties.
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Table 6 Effect of different cooling methods on concrete

compressive st ngth (MPa)
ature

O

0 25 C 250 C 500 C 750 C 950 C

Concrete
1 44 40.2 22.1 23.1 5.89
2 44 36.78 18.15 6.57 0.0.E
3 44 28.93 9.81 0.0 0.0
1 44 41.69 26.0 14.22 6.87t;

0.2 2 44 39.24 23.55 7.85 0.0
3 44 32.37 13.73 2.95 0.0
1 44 37.30 13.25 5.40 0.0
2 44 32.40 10.80 0.0 0.0

C
3 44 24.50 3.90 0.0 0.0
1 44 38.25 14.70 6.87 0.0

0 2 44 33.35 11.77 2.95 0.0
3 44 26.0 4.90 0.0 0.0

Z; 1 44 38.25 15.70 7.85 0.0
cc 2 44 34.35 12.75 4.90 0.0

3 44 25.50 5.90 0.0 0.0
1 44 39.25 16.68 .34 0.0
2 44 36.30 14.22 5.40 0.0lag

1 3 44 26.50 7.85 0.0 0.0

The attenuation coefficient percent g%) of 60 Co and 137CS gamma

sources for different types of concrete heated for 2 hours at different

degrees of temperature are shown in Table 7 Results showed that the

attenuation coefficient (p%) slightly depend on temperature and

decreased to about 16% for gravel concrete, 17% for baryte concrete

and 16% for ilmenite concrete at temperature of 750 C. lmenite

concrete showed the highest attenuation of transmitted gamma rays.
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Table 7 Concrete attenuation coefficient percent (p% at

different degrees of temperature.

Temperature 60co 137 Cs

Type of Oc 1330 (KeV) 1170 (KeV) (660 Kev)
Quite

25 12.72 12.21 7.33
250 11.53 11.16 6.67

>
0 500 11.01 10.55 6.28

750 10.69 10.31 6.15
950 9.55 9.18 5.50
25 15.97 15.54 9.83

250 14.53 14.14 8.94
500 13.89 13.52 8.54

0 750 13.25 12.91 8.15
950 12.61 12.27 7.76
25 16.59 16.22 9.81

250 14.61 14.27 8.66
U 500 14.27 13.95 8.46E - I I1393 -1 8.26750 13.62

950 13.61 13.31 8.1

It was higher than gravel concrete and bary-te concrete by 39.8%

and 8% respectively of ('OCo at laboratory temperature. At 137CS'

results showed the ilmenite concrete had the highest reduction by 20%

and 02% of gravel and bary-te concrete respectively at laboratory

temperature, this result can attributed to the fact that ilmenite concrete

has the highest density when compared to gravel and baryte concrete.

It found that an increase in the attenuation coefficient of about 30.5%

and 32.8% with respect to gravel concrete at 60 Co and about 33.8%

with respect to 137 Cs respectively. While the bary-te concrete has a less

increase in the attenuation coefficient p%) by 25.3% and 27.3% with

respect to gravel concrete at Co and about 34% with espect to 137CS

respectively. The reduction percent sof gamma attenuation coefficient

(P%) of Co and 137CS for ordinary gravel concrete was about 9,

14%, 16% and 25% at temperatures 250 C, 500 C, 750 C and 950
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T respectively. And for baryte concrete it was about 9, 13%, 17%

and 21 %, but for ilmenite concrete it was 12%, 14%, 16% and 18 at

same temperatures respectively. The reduction of gamma attenuation

coefficient (Rl can be attributed to the effect of high temperatures on

the properties, especially density due to losses of water due to

evaporation, of different types of tested concrete.

Conclusion

From the above results it can concluded that ilmenite concrete is

more suitable material to used as a shielding concrete rather than

gravel concrete and baryte concrete. Also ilmenite concrete is more

resistant, to elevated temperature ad gamma radiation, than gravel

concrete or baryte concrete. It is recommended to use the fire

protection material as coating layer at temperatures lower than 500 'C

and use foarn or air are better than water as a fire fighting system in

concrete structure exposed to high temperature or accidental fire.
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