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Abstract : In the case of brittle materials in compression, a recently proposed 
theoretical model, based on the assumption that a certain proportion of cracks must fail 
prior to the final Iracture, the compressive strength should closely follow a normal 
distribution with its mean independent of volume and valiants inversely proportional 
to the;volume. Compressive testing oT cement paste and  mortar specinlens carried out 
reveals that the observations closely Tit the proposed theol-etical model. 

Brittle materials are often used as structural materials in compression, rather than 
in tension, since tension gives rise to cata.strophic failures. When these materials 
are subjected to com.pressive loads they show a variability in strength depending on 
the manner in which they are tested. 'The work, described in this paper investigates 
only the effect of specimen volume. In order to do so, the factors that influence 
the strength as a result of the cl~osen method of testing need to be the same for all 
the tests. Compression testing was carried out on cement paste and mortar 
specimens. 

A11 attempt was made by HobbsZ to explain the compressive s t re~~gt l~ .  of concrete 
cubes using the theory proposed by Daniels1 and Jellinek.' .Ln order to use this 
theory Hobbs assumed the Weibull modulus, m, to  be an index of the relative 
number of flaws in the material. In recent studies, Jayatilaka. and Trustrurn4 
showed that m is an index of the variability of flaw size rather than the relative 
number of flaws. 

2. Theoretical Model 

Observed strengths in compression and tension have different characteristics. 
It follows that the mechanism of fracture in compression has to  be different in order 
to explain such behaviour. In a brittle material we have a population of different 
shapes, sizes and orientations (with respect to applied load). Jn tension,failure of a 
single crack leads to total faiIure whereas in compression failure ofone crack does 
not lead to total failure. 

* Presently at the University of Sussex, Brighton, U.K. 
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Jayatil;lk~?. and T r ~ s t r u r n ~ ; ' > ~  proposed a tllcoretical model based on the fact that 
the final failure of a brittle material, under compression. occurs only after the failure 
of a certain proportion of cracks, which will be a material property. The splitting 
of the brittle malerial can then be explained when sevei-a1 of the 'failed cracks' 

( 

joined to Corm the fracture surface. 

The theory is based on a statistical approach and its two main deductions are: 

1 .  Wlletl the volume of a material is large, its mean strength is constant. 

2. The standard deviation is inversely proportional to the square root of the volume. 

3. Experimental Technique and Results 

3.1 Preparation of Specimens 

Two different types of brittle r~laterials, namely, cement przste and mortar, were 
~ ~ s e d  for this investigation, considering their wide usage. In the case of cenlent paste 
specimens, a. water : cement (w/c) ratio of 0.30 was used and for the mortar specimens 
ceineilt: sand: water ratios of I. :2 :  0.60 and I : 4 :0.47 \yere used. 

S~nce the worlc was involved In the size ~nfluence onthe compt-essive strength, two 
different specimen shapes (cubic and rectangular) were selected for the investigation. 
Rectangular samples were square cross-sectioned and their height to breadth ratio 
was 2 :  1 .  This particular dimension was used taking into account the frictional 
effects of the loading surfaces on the specimen  surface^.^ For a given matcrial, 
shape and size 10 samples were made. Standard methods of preparation were em- 
ployed. All specimens were vibrated mechanically during the preparation stage 
and were cured for 28 days in water. 

3.2 Testing and Results 

The 28th day compressive strength was III-asured using a Versa tcsting. machine. 
The cross-head speed was mai~ztailled at 0.1 mm per 1ni:lute for all the tests. 

Generally, the specimens during testing showed a similal' cracking behaviour 
with a large number of vertical cracks at the centre and inclined cracks at the ends of 
the specimens. There were some specimens wl~ich failed by diagonal cracks. 

Figures 1 and 2 refer to the cubic samples. The for~ner shows a plot oCthe mcan 
compressive strength against the volume while the latter shows a plot of the standard 
deviation of the compressive strengths against 11 square root of volume. 

The results of the recta~lgular specimens also showed a similar bel~aviour but 
their mean compressive strengths were about 10 - 15 % lower than those of the cubic 
specimens whose cross-sectional dimensions (length and breadth are similar) . 
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Figure 1 .  A plot of mean compressive strength versus the volume for cubic samples. 
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Figure 2. The staneard deviation of comprc:sive strengths for a given composition and size 

shows a 11near variation as predicted by theory. 
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4. Discussion 

The experimental work carried out was to investigate the effect of specimen volume. 
Hence it is vital to maintain the same testing technique for all the tests. As pointed out 
before, the shape factor should not be changed whenever the volume is changed. For 
example, if square-sectioned rectangular specimens are tested for the strength, the 
height to  breadth ratio must be the same for different specimens (volume is changed). 

The results of the tests carr~ed out on cubes show that when the volume is greater 
than a certain critical volume, the mean compressive strength is constant. The same 
is true for rectangular specimens but the mean con~pressive strength is about 10-15 % 
lowerthan that of cubes. T h ~ s  behaviour is due to a different stress distribution 
within the specimen arising from the fr~ction at the loading  plate^.^ The practical 
significance of the constant mean strength observed is that it is possible tocompare 
the results of others provided the specimen volume is greater than the criticaI 
volume and a similar testing technique isemployed. The critical volun~e ~ 1 1 1  depend 
on the material and on the shape of the specimens. The standard deviation plotted 
against I /  square root of volume gives a linear variation, thus confirming the 
prediction of the theoretical model. Tile reasons for the observed higher gradient 
(see figure 2) for cement paste specimens are not clear. Lower strengths 
rccorded when the specimen volume is small can be an experimental artefact. When 
these specimens are cast, any irregularities on the surfaces would have a pronounced 
effect when the overall specimen volume is small. 

The theoretical model proposed by Jayatilaka and Trustrum enables the compres- 
sivc: strength to be related to the tensile strength provided that the Weibull modulus, 
the number of cracks per unit volume and the exact proportion of cracks that 
should fail prior to material failure are known. This information may be experi- 
tpentally forthcoming, using acoustic emission devices. 

Acknowledgements 

One of the authors; A. de S .  Jayatilakn, is grateful to Professor R. W. Cahn of 
the University of Sussex where he did all his theoretical work in collaboration with 
Mrs. K Trustrum. 

References 
1 .  DANIELS, H. E. (1945). Proc. Roy. Soc., 183 A, 995, 405. 
2. HOBBS, D.W. (1972). Ma~.Cones.Res.,  24, 80 127. 
3. JAYATILAKA, A. DE S. (1 979). Fvactllve of Etlgiiteerillg Brittle Materials, Applied Science, 

London. 
4. JAYATILAKA, A. DE S .  & TRUSTRUM, K.  (1977.) J. Mat. Sc., 12: 1426. 
5 .  JAYATILAKA, A. DE S. & TRUSTRUM, r(. (1978). hit. C?r$ on Numerical Methods in Fracture 

Mechanics, Swansea 765. 
6. JAYATILAKA, A. DE S. & TRUSTRUM, K. (1978). J. Mat. Sc., 13: 455. 
7 .  JELLINEK, H. H. G. (1958). Proc. Phy. Soc., 71: 461-797. 


	JNSF 9_2_199.pdf
	JNSF 9_2_199 (2).pdf
	JNSF 9_2_199 (3).pdf
	JNSF 9_2_199 (4).pdf
	JNSF 9_2_199 (5).pdf

