
NEUTRON RADIATION 

5·4·5 COMPRESSIVE STRENGTH (figures and 14) 

The compressive strength values of the irradiated concrete 

samples are slightly less than those of the control samples 

stored at the same temperature. The compressive strength 

of the irradiated concrete samples would appear to decrease 

slightly as a function of the dose. Likewise with the thermal 

cycles in the order of 200 °C, irradiation at this temperature 

has the effect of increasing the compressive strength of the 

serpentine samples. However, in the case of high irradiation 

doses and after six months under heat, the irradiated 

are less resistant than the control samples stored at a 

temperature. 

The compressive strengths of the irradiated pure cement paste 

samples are not very different from the compressive strengths 

of the control samples. Yet the results obtained on irradiated 

samples are very scattered. Hence it is difficult to show that 

irradiation has any effect on the compressive strength of this 

type of concrete. It may be initially assumed that this effect 

is insignificant. 
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CONCLUSIOU 

Irradiation 11.t integrated fluxes of 2 x 1019 to 1020 n,cm- 2 of 

energy abovo 1 Mev Md at temperatures in the order of 200 9c, da:n-

ages granulate concrete bound by aluminous cement. The 

effect of irradiation results in expansion of the material which 

r:Jaches 7000p.. /w. a.t the dose of 1020 n, em - 2 is mainly due to 

the expa.'lsior. of the. serpentine granulates under irradiation, but 

also presU!!lably to micro-cracking caused by the various deformations 

of the cvmponents, serpentine and pure cement paste, since it 

under the effect of irradiation (this shrinkage is incidentally of 

the same order of as that brought about by thermal treat-

ment at 200 °c,) 

Phe mechanical properties of the concrete are also altered by 

neutro'l irradiation: 

- bending strengths diminish as a function of the irradiation dose 

and the dynamic elastic modulus does likewise. The greatest damage 

appears at the start of irradiation for doses in the· order of 

z 1019 n.cm- 2• 

strengths diminish slightly or remain of the same order 

as those measured ex irradiation, after cycling of the con-

crete. remain in "the order of 400 bars, is an adequate 

value for shielding concrete, 

,. 
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NEUTRON RADIATION 

Furthermore, irradiation does not alter the "constitutive water" 

content of serpentine. At the irradiation temperature (200 °C), the 

weight losses of· the samples are only due to dehydration of the pure 

cement paste. 

The results of these irradiations together with those that were 

obtained with other irradiations show that neutron irradiation always 

brings about dimensional changes in the materials studied. In general 
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this is expansion. Yet shrinkage had already been observed during an 

experiment carried out on an insulating concrete made of expanded clF-Y 

granulates and v.ilmolithe bound by aluminous cement. Hence it was thought 

that these dimensional changes were due to the granulates. This 

is confirmed by the results relative to serpentine concrete. The granu­

late plays a leading part in the dimensional behavious of concrete under 

irradiation. 

Similarly, changes in the mechanical properties of concrete as a result 

of neutron irradiation are strongly affected by the evolution in the 

mechanical properties of the granulate under irradiation. 

ACKNOWLEDGMENTS 

We are indebted to the Section de et Experimentation (CEN. 

Saclay) and particularly to M. Gilbert for the design and building of 

the irradiation rigs, as well as to the Section d 1Exploitation Triton 

for the proper operation of the rigs during their irradiation. 

Thanks are also due to Messrs. Camus and Courbet for the efficient way 

in which they determined physical properties and doses at the Hot Cell 

Laboratory at the CEN. Saclay. 

https://www.civilenghub.com/ACI/137454554/ACI-SP-34?src=spdf


1094 

[1./ 

[2J 

[3J 

£4J 

£5] 

£8J 

[10J 

CONCRETE FOR NUCLEAR REACTORS 

nmr...:rcr.ro\PHIE 

IDCJ<':IEU, T, - Rep:lrt OR'IL 241, 1949 

OATU<E R,G, - Rep:lrt H!·l 56I95, 1958 

GnL s, "Structur<:>s for Nuclear Pa-1er" NY London, 1964 

V,!l, et alli. "Variations des prorrwtiis des hCtons refractaires 
irradics par des neutrons" Energie 1\.tnmiquc (traduction Fran-;:aise) 
Vol 2I, n°2, .l\out 1966, Bpases, 

!Xmro!VSKY V,B; et alii "OOfauts rarliatifs dans 1e hl\ton ordinaire 
Atannaia Energuia (trad,fran,) vol,23 n°4, 1967, 9 pages 

IJUnJnl·IS!<Y V,B, et a1 "stahilitc du hCtnn c1e serpentine sous 1es 
1\.tannaia Energ•Jia (trad,fran,) vol 25, n°6, 1968, 2 pages 

;;,tal, 
KELLY B,T, UKJ\.EJ\. "'nle effects of reactor radiation on concrete" 
Symposium Euratm at nrusse1s, 'IOV,1969, 16 rages 

RIIPP!':'·!EI\.U J,, LI\C1)TUO et (CE.l\) n' irradiat:i.c-1 sur les 
retons" - !liST 110, 00c,1966, lR pages 

DUBOIS F, ot al, (C!'A) "Nouveaux tyr.<>s ne )JI;t..,.,s r(,sistMt li ".es tcrnrerat:zoc-! 
rt:'lttr la (1cs rC;Jcteurs nucleaires" 

Symrosium I.I\EA "i'.dwmcad hig'> ter;eratnrl'l t1'as r.ooled reactors" 
Juliers(l\.11) Oct,1968, 18 

nrmis F, et al (CEll) "rTnuveaux r1t:- "Stons rv:>nr r6acte'rrs 
nucl6aircs" - Syr.ro5il'D"'l Euratcn '1nts$(:\J s, li')G9, 
''!'leuxiE;.m rClmion d' inforr!\fltion sur lf"S aux Ce 

reactaur en rrCoontruint J.r:otrr innlrtti0:-1 thl'?'minne". 

https://www.civilenghub.com/ACI/137454554/ACI-SP-34?src=spdf


l 

il 

t 

.0 

T 

NEUTRON RADIATION 

'--=c=o! 

.):fl 

¥ ¥ 

G'r( Dt< 
I I 

I 

\ 

\ \ 

\ 1\ 

X 'X 
I \ 

1¥ 

X }( 
-; ! 

l¥ 

ll ( 

\ 

j 

u 

., 
!JI 
-I 
1i: 
,J 

il 
" T-

il 
" T-

w 
!,! 
> I 

w -0 .... 

z &. 
0 .... - .. 
0 _J 

<( I 
0:: 

$ 

EB . 

! 

1095 

https://www.civilenghub.com/ACI/137454554/ACI-SP-34?src=spdf


1096 CONCRETE FOR NUCLEAR REACTORS 
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Fig. 2 _ Temperature distribution in the samples during irradiation for 

serpentine and cement· paste 
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Fig. 3 _ Temperature distribution in the samples during irradiation 

for concrete 
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Distribution of irradiation doses ( fast flux ) received by the samples 
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