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ABSTRACT This paper describes a series of uniaxial compression tests on calcium 
silicate bricks and prims. These tests have been used to study the 
influence of aspect ratio on the evaluation of compressive strength. 
A total of 17 types of bricks (some solid and some perforated), with 
aspect ratios ranging from 0.36 to 3.03, were tested in confined and 
unconfined compression. From the sarne batches of units, stack bonded 
prisms were constructed and tested in confined compression. Differing 
numbers of units were used in the prisms to produce aspect ratios 
ranging from 1.71 to 7.76. 

From the results, the influence of the testing machine platens on the 
observed compressive strength of specimens with various aspect ratios 
has been studied, and a simple relationship for an aspect ratio correct­
ion factor derived. 

1. INTRODucrION 

The observed strength of a specimen tested in uniaxial compression will depend upon 
its size and shape. For specimens with low height/width ratios, a significant 
artificial strengthening is produced by the restraining effects of the platens of 
the testing machine. Lateral expansion of the specimen is prevented by the 
friction between the ends of the specimen and the platens, with a resulting increase 
in the failure load. 

The purpose of this investigation was to study the extent to which the confining 
effect of testing machine platens influenced the measured compressive strength, and 
to derive correction factors to take account of this effect. calcium silicate bricks 
were used for the investigation because of the wide range of sizes available. Bricks 
with aspect ratios ranging from 0.36 to 3.03 were used. From these bricks stack 
bonded prisms with aspect ratios ranging from 1. 7l to 7.76 were constructed and tested. 

By comparing the results for different brick sizes, the influence of aspect ratio 
on campressive strength was studied, and an aspect ratio correction factor derived. 
The use of an aspect ratio correction factor allows a true estimate of the campress­
ive strength to be obtained from a confined compression test, regardless of the 
dimensions of the specimen. 

2. FACTORS INFLUENCING THE COMPRESSIVE STRENGI'H OF BRI'ITLE MATERIALS 

The factors influencing the compressive strength of brittle materials have been 
extensively investigated, particularly for materials such as concrete (1). The 
rreasured compressive strength of a given material is significantly influenced by 
the specimen size and shape and end conditions. In this investigation, confined 
and unconfined compression tests were carried out on sets of identical specimens 
to avoid the influence of effects other than aspect ratio. 

2.1 Influence of Specimen Height 

For specimens with the sarne cross section, the apparent camPressive strength 
decreases as the height of the specimen increases. This apparent strengthening 
for short specimens is caused by the increased influence of the restraining effects 
of the testing machine platens. The friction between the platen and specimen can 
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be minimized by the use of variable stiffness platens and/or capping material, 
sc:rne forro of lubricant between the platen and the specimens, or flexible steel 
brush platens. with the last method the campressive load is applied through a 
series of closely spacedslender steel filaments which individually possess a 
very low resistance to lateral rrovement while still being able to transrni t their 
proportion of the axial load without buckling. This technique has been used 
successfull y for the testing of both concrete (2,3) and masonry (4). 

The influence of aspect ratio (height/least width) has important implications ln 

the testing of both masonry units and prisms. 

Most masonry codes which incorporate prism tests to determine masonry compressive 
strength recognise the influence of specimen aspect ratio, and incorporate a 
correction factor to convert the prism strength to a cammon base. Closeexamination 
of these correction factors reveam that they all appear to originate fran a cammon 
source (5), (from a series of tests by Krefeld in 1938 (6». The application of 
these correction factors to all types of masonry prisms is open to question due to 
the limited nature of that investigation. Sane recent research has been carried out 
in this area for both clay and concrete masonry (7,8,9,10,11,12) but further 
clarification is needed. 

The effects of specimen aspect ratio are even more significant in the canpression 
testing of brick units. Bricks typically have very low aspect ratios (a standard 
230rrrnlongx 76 rrm highx 110nmthick brick has an aspect ratio of 0.69), and con­
sequently the apparent (confined) canpressive strength is significantly greater 
than the unconfined strength. Thus the standard confined test, although perfectly 
adequate for comparison of strengths of the same sized units, is not a true indic­
ation of the actual compressive strength of the material. 

2.2 Other Factors Influencing the Compressi ve Strength of Masonry prisms 

Apart from the factors already discussed, the canpressive strength of masonry is 
influenced by the properties of its constituents (since it is a corrpositematerial). 
Since mortar and brick have different stiffnesses, the magnitude of the stresses 
induced in the tWJ materials as the masonry is loaded in campression depends upon 
the relative proportions and stiffnesses of the brick and joint. As the proportion 
of brick to joint increases, the strength of the assanblage would be expected to 
increase due to the decreasing influence of the mortar joints. 

The compressive strength of a masonry prism is influenced by the relative propor­
tions of brick and joint, the number of jointE', in the prism, and em effects 
induced by the geometry of the prism and the presence of capping or packing. 

3. EXPERIMENTAL PRCGRAM 

3.1 Bricks 

A range of calcium silicate bricks (both solid and perforated) was tested. The 
bricks were selected to minimize the variability af strengths within each type. 
The types of bricks tested are surrmarized in Table L 

In each case sufficient bricks for all projected brick and prism tests were 
selected at the start of the investigation and stored in the laboratory. Confined 
and unconfined compression tests were carried out for each brick type. 

3.1.1 Confined Compressive Strength of Bricks. For each brick type the canpressive 
strength was determined using the standard procedures set down by A.S. 1653-1974 
(13), except that all bricks were tested dry. Bricks were loaded between 5 rrm 
plywood sheets with the load applied at the rate of 250 KPa/s. Sets of 10 bricks 
were tested in each case. Calculations of canpressive strength were perforroed on 
the basis of gross area for all units. 
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3.1.2 Unconfine:3. . Ccmpre s s ive Strength of Bri cks. For each brick type the 
unconfine:3. ccmpressive s trength was detennine:3. using flexible brush platens. 
Each brush platen consiste:3. of circular filarnents, 5.5mndiameter, l20nrnlong 
locate:3. at 6.3 mn centres. A typical testing arrangernent .is shc:Mn :in Figure 1. 

ThetestiÍlg proce:3.ure was similar to that usErl for the corresp:mding conf:ine:3. 
carrpression tests except that the plywocrl capping was crnitte:3. s:ince the errls of 
the specimen were plane. 

TABIE 1 SUMMARY DF BRIO< TYPES 

BRICK SIZE (rrml 
TYPE * width x height 

x 1ength 

55 21 0 x 76 x 230 
145 x 76 x 230 
110 x 76 x 230 

90 x 76 x 230 . 
76 x 90 x 230 
76 x 110 x 230 
76 x 145 x 230 
76 x 145 x 113 

76 x 212 x 113 

76 x 230 x 110 
53H 1l0x 76 x 230 

110 x 119 x 230 
51lH 110 x 76 x 230 

110 x 119 x 230 
M3H 90 x 90 x 290 

90 x 119 x 290 
HllH 90 x 162 x 290 
h'5H 145 x 119 x 230 

* 55 - standard solid 
H3H - rrex'lular 3-ho1e 

BRICK TESTS 
(Confine::l & Uno::mfine::l 

Canpressionl 

I 
,I 
,I 
,I 
,I 
I 

,I 

,I 

,I 
,I 
,I 
,I 
,I 
,I 
,I 
I 
,I 

S3H - standarà 3-ho1e 
MllH - m:dular ll-ho1e 
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PRISM 
REMARKS 

TESTS 

,I 
,I 
,I 
,I 
,I 
,I 
,I 

Cut frczn 145 x 
76 x 230 

Cut from 210 x 
76 x 230 

,I 
,I 
,I 
,I 
,I 
I 
I 
,I 

i 
SllH - standard l1-ho1e 
W5H '~ wide 5-ho1e 

Figure 1 

Unconfined Compression 

Test for Brick Units 



3. 2 Méisonryprisms 

Stack bonderl prisms were constructerl using the rrortar described in Section 3.3. 
The prisms were constructerl and testerl in accordance with the SAA Brick\rork Code 
(14). 'lb achieve aspect ratios which varierl fran 1. 71 to 7.76, the number of 
bricks in the prisms varierl fran 2 to 6. A surrmary of the prisms constructerl is 
included with the results in Table 3. Each set of test specimens was constructed 
as a law stack lx>nded wall and then separated into 5 prisms. llie to the plane 
surface of the bricks, the prisms were constructed without rnortar caps. Inmediately 
after construction the prisms were wrapped in an impenneable plastic sheet and 
cured for 7 days. 

The prisms were tested in uniaxial campression at 7 days using solid steel platens. 
Conpressive strengths in alI cases were calculated on the basis of gross area. 

3.3 MJrtar 

For alI prism tests a rrortar consisting of 1 part cement: 5 parts beach sand (by 
volume) plus a water thickener was used. The quantity of water thickener was in 
accordance with the manufacturer' s instructions and sufficient water added to 
achievethe required workability. For the initial mix, sand and cement were 
batched by volume andweighed, with alI subsequent mixes then being batched by 
weight for greater consistency. 

SUfficient cement and sand were stockpiled at the start of the investigation and 
the same materiaIs used for alI rrortar mixes. 

4. RESULTS 

4.1 Brick Campressive Strength 

The confined and unconfined brick canpressive strengths obtained fran each set of 
tests are sunrnarized in Table 2. MJre detailed resul ts are contained in 
Reference (15). As can be seen fran the results, a rnarked difference in the 
cbserved strength between the confined and unconfined tests was observed, 
particularly for law aspect ratios (due to platen restraint). The failure rn:xles 
also differed. For the confined test, failure occurred by spalling on the sides 
of the specimen on the edges of the overlapping cones of influence extending fran 
the ends of the brick in contact with the loading platens. In contrast, lateral 
expansion of the specimen was unconstrained in the unconfined test, and failure 
occurred by vertical splitting extending fran platen to platen. As is typical for 
brittle materials, this vertical splitting is the result of lateral tensile 
failure induced by horizontal brick expansion. For solid units, the vertical 
splitting was unifonnly distributed throughout the brick. For perforated units, 
the cracking often follawed a preferred path due to the influence of the hol-es 
which presumabl y acted as stress concentrations in the induced biaxial tensile 
stress field. 

As can be seen fran Table 2, the variation in strengths within each sample of 10 
bricks was quite small, with coefficients of variation less than 10% in alrrost alI 
cases. In addition, the variability of results for each corresponding set of 
bricks tested in confined and unconfined campression was of the saroe order. 

4.1.1 Influence of Aspect Ratio on Brick Strength. The results of the brick tests 
in Table 2 have been arranged in increasing order of aspect ratio. In each case, 
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TABLE 2 Brick Ccmpressive Strength 

BRIO< 
TYPE 

55 

55 

55 

55 

53H 

51lH 

W5H 

w5H 

55 

M3H 

53H 

51lH 

55 

M3H 

55 

MllH 

55 

55 

55 

5UE (rrrn) ASPOCT ro<F. 5TRENGrn UN<XJNF. 5TRENGTH Kç 
width x height RATIO Mean Coeffic. of Mean Coeffic.of Unconfined 

x 1ength Variation Variation Confined 

(MPa) % (MPa) % 

210 x 76 x 230 0.36 24.79 10.0 12.37 5.1 0.50 

145 x 76 x 230 0.52 26.47 3.9 14.73 4.0 0.56 

110 x 76 x 230 0.69 36.49 6.5 21. 72 2.9 0.60 

110 x 76 x 230 0.69 24.30 9.4 13.84 9.1 0.57 

110 x 76 x 230 0.69 23.99 4.6 14.83 2. 5 0.62 

110 x 76 x 230 0.69 28.96 6.0 18.53 4.2 0.64 

145 x 119 x 230 0.82 23.80 4.6 17.00 5.5 0.7l 

145 x 119 x 230 0.82 23.85 2.0 16.86 5.6 0.7l 

90 x 76 x 230 0.84 19.96 10.6 14.97 5.9 0.75 

90 x 90 x 290 1.00 29.64 4.9 18.46 7.7 0.62 

110 x 119 x 230 1.08 23.08 6.7 18.12 5.9 0.79 

110 x 119 x 230 1.08 21.52 5.6 16.31 3.5 0.76 

76 x 90 x 230 1.18 22.39 6.1 16.47 7.5 0.74 

90 x 119 x 290 1.32 21.61 7.3 15.97 5.9 0.74 

76 x 110 x 230 1.45 34.38 5.0 24.27 5.8 0.7l 

90 x 162 x 290 1.80 14.61 4.6 9.601 4.0 0.66 

76 x 145 x 113 1.91 21.29 4.6 16.58 5.1 0.78 

76 x 212 x 112 2.79 20.48 8.42 17.40 12.92 0.85 

76 x 230 x 110 3.03 16.37 14.52 16.43 9.32 1.00 

FIXIINOI'ES : 1 To be acccmrodated within the brush platens, approximate1y 
20 mn were sawn off each end of the brick. For the 
unoonfined test, pranature failure occurred by splitting 
between these cut faces arrl the first perforation in each 
case. The result has therefore been ignored in the ana1ysis. 

2 Note the 1arger scatter in resul ts for this brick type for 
I::xJth confined and unconfined tests. 

* Aspect ratio 
height of each brick unit. 1east width 
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REMARKS 

Solid 

501id 

Batchl 
Solid 

Batch 2 
Solid 

3-Ho1e 

11-Ho1e 

Wide 
5-Ho1e 

Wide 
5-Ho1e 

Solid 

3-Hole 

3-Ho1e 

11-Ho1e 

Solid 

3-Hole 

So1id 

11-Ho1e 

Solid 

Solid 

Solid 



the aspect ratio correction factor (Kc), defined as the ratio of the unconfined 
compressive strength to the confined canpressive strength, has been calculated. 
The results reveal that the brick perforation pattern did not seem to signifi­
cantl y influence the correction factor Kc. For the purposes of this study, 
therefore, all bricks were considered as solid. 

4.2 prism Tests 

The results of the prism tests for each prifil and brick type are surrmarized in 
Table 3. Detailed results are contained in Reference (15). 

As can be seen frem Table 3, prisms with varying numbers of units (3 to 6) 
produced a range of aspect ratios (1. 71 to 7.76). In all cases, failure occurred 
by vertical splitting. The variation in strengths within each sample of 5 prifils 
was quite small, with the coefficient of variation being less than 10% in rrost 
cases. This small variation justified the use of the small sample size of 5 prisms 
for each set of tests. 

4.2.1 Influence of prism Aspect Ratio on Prism Strength. When prisms are loaded 
in cempression, some apparent strengthening will be observed due to the effects 
of platen restraint. All prism tests were perfonned with solid steel platens, so 
that the effects of platen restraint will influence the results. However, since 
prism aspect ratios are relatively high, (typically in the order of 3), this 
effect will not be as significant as for the brick units. 

The prifil results have been plotted separately for solid and perforated units for 
each brick type in Figures 2 and 3. The decrease in strength wi th increasing 
aspect ratio is readily apparent for prisms constructed from solid units, with the 
effect being less pronounced for prifils constructed frem perforated units. 

The SAA Brickwork Code (14), incorporates an aspect ratio correction factor for 
prisms in the evaluation of the brickv..ork prism cempressive strength. These 
factors have been adjusted so that the aspect ratio correction factor is 1 for a 
prism whose aspect ratio is 3 (the aspect ratio for a 4-high prism constructed 
from standard bricks). The validity of this relationship can be checked using the 
results of this investigation by relation all prifil results to the strength of 
similar prisms with an aspect ratio of 3. In the cases where prisms with aspect 
ratios of 3 were not tested for a particular brick type, the value was estimated 
by either interpolation or extrapolation. (See Figures 2 and 3.) 

The non-dirnensional prifil strengths are compared to the A.S. 1640 relationship 
in Figure 4 for 3, 4, 5 and 6-high prisms, and Figure 5 for 4-high prisms only. 
It can be seen that the existing Code relationship gives a reasonable estimate 
of the correction factor for rrost aspect ratios, particularly when it is 
ranembered that the experimental values cover a wide range of unit sizes and 
extrusion patterns. 

4.3 The Influence of Aspect Ratio on the Compressive Strength of Bricks and PrifilS 

For purposes of design, the ITOSt logical method of allowing for the effects of 
platen restraint is to convert all confined canpressive strengths to an equivalent 
unconfined value by the application of a suitable correction factor (which will be 
a function of the aspect ratio of the unit or the prism). Unless the prism rrortar 
joints influence the degree of platen restraint, a common correction factor should 
apply for l::oth brick units and prifils, with the prisms located at one end of the 
range (with high aspect ratios), and the bricks at the other (with low aspect 
ratios). In view of the high aspect ratio of prifils, and the relatively small 
difference between confined and unconfined strengths, it is reasonable to neglect 
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TABLE 3 Surmary of prism Tests 

8RICK SIZE (mn) NO. OF PRISM SIZE (mn) PRISM 7 DAY PRISMSTRENGrn 

'lYPE width x height 8RICKS 'lYPE width x ht. ASPECr ~ Coeff. of 95% Olar. 

x 1ength rn x 1ength RATIOl Variation Strength 

PRISM 
MPa % MPa 

SS 76 x 90 x 230 3 381 76x290x2.30 · 3.82 9 .91 3.5 9.09 

76 x 90 x 230 4 481 76x390x230 5.13 11.51 14.8 7.53 

55 76 x 110 x 230 3 382 76x35Ox230 4.61 17.52 7.2 14.55 

76 x liO x 230 4 4B2 76x470x230 6.18 15.84 6.5 13.41 

76 x 110 x 230 5 581 76x590x230 7.76 13.60 7.4 11.24 I 
SS 76 x 145 x 230 3 383 76x455x230 5.99 15.47 2.9 14 .4 2 

I SS 90 x 76 x 230 3 384 9Ox248x230 2.76 11.64 6.4 9.89 

90 x 76 x 230 4 4B3 9Ox340x230 3 . 78 9.31 3.1 8. 63 

SS 110 x .76 x 230 3 385 110x248x230 2.25 15.29 3.8 13.93 

110 x 76 x 230 4 4B4 110x334x230 3.04 12.78 11.5 9. 34 

liOx 76 x 230 6 681 110x520x230 4.73 10.62 3.7 9.71 

SS 145 x 76 x 230 3 386 145x248x230 1.71 11.83 6.4 10.08 

145 x 76 x 230 4 485 145x350x230 2.41 9.28 3.6 8.51 

145 x 76 x 230 5 583 145x440x230 3.03 8.87 11.2 6. 55 

SS 213 x 76 x 230 6 684 213x54Ox23O 2.54 8.09 7.2 6. 73 

110 x 76 x 230 6 685 23Ox520x230 2 2.26 9.82 4.2 8.86 

S3H 110 x 76 x 230 3 3810 110x248x230 2.25 12.53 3 .9 11. 38 

110 x 76 x 230 4 487 110x334x230 3.04 10.61 4.8 9.42 

110 x 76 x 230 6 682 11Ox506x230 4.60 8.57 8.3 6.91 

S3H 110 x li9 x 230 3 38li 11Ox377x230 3.43 12.78 7.3 10.58 

110 x 119 x 230 4 488 11Ox506x230 4.60 11.49 4.0 10.41 

I 
SllH 110 x 76 x 230 3 3813 110x248x230 2.25 7.95 5.9 6.85 

110 x 76 x 230 4 4B9 11Ox334x23O 3.04 10.51 3.4 9.67 

110 x 76 x 230 6 683 11Ox506x230 4.60 7.55 9.4 5.89 

SllH 110 x 119 x 230 3 3814 110x377x23O 3.43 11.48 4.8 10.19 

110 x 119 x 230 4 4810 l1Ox506x230 4.60 9.61 8.6 7.69 

I 110 x 119 x 230 5 584 11Ox635x230 5.77 9.66 5.9 8.33 

M3H 90 x 90 x 290 3 387 9Ox290x290 3.22 11.27 3.9 10.24 

90 x 90 x 290 4 486 9Ox390x290 4.33 10 . 64 11 .3 7.83 

M3H 90 x 119 x 290 3 388 9Ox377x290 4.19 10.67 4.3 9.62 

MllH 90 x 162 x 290 3 389 9Ox506x290 5.62 7.90 4.3 7.10 

I 
90 x 162 x 290 4 4811 9Ox678x290 7.53 7.77 3.0 7.23 

I w5H 145 x 119 x 230 3 3815 145x377x230 2.60 12.92 3.63 11.82 

I 3 
145 x 119 x 230 3 3816 145x377x230 2.60 9.59 2.83 8.96 

I 3 
1 145 x 119 x 230 4 4812 145x506x230 3.49 9.09 4.6 8.13 
! 145 x 119 x 230 3 6 686 145x954x230 6.58 10.09 2.2 , 9.58 

~V'Ym:'(" '. 1 Aspect t ' Height f h . ''IV~.La.:O ra ~o = --- o eac prlSll 
1east width 

2 
Bui1 t as a bcnded pier. 

Batch #2. 
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Fig 2 

Fig 3 
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the inf1uence of the joint. An ana1ysis of the results confirmed this 
assumption (15). 

4.3.1 Derivation of Aspect Ratio Correction Factors. The aspect ratio correction 
factors forbrick units have been determinErl experlinenta11y (Tab1e 2). The aspect 
ratio correction factors for prisms (Tab1e 6.2, A.S. 1640-1974) have been shown 
to agree wi th the experimental resul ts (Figures 4 and 5). On . the assumption 
that end effects becare neg1igib1e at an aspect ratio of 5, the .prism correction 
factors frem Tab1e 6.2, A.S. 1640 were adjustErl to have a va1ue of 1 for that 
aspect ratio. lf these values are p10ttErl with the correction factors for the 
brick units, a sing1e relationship can be obtainErl for alI aspect ratios for both 
bricks and prisms. This 1inearisErl re1ationship is shown in Figure 6 and surrmar­
izErl in Tab1e 4. 

,. O • 
u -'-::.::: 8rick Curve -

L- \ _.-' .-' o O'S 
U 

." 
." 

o 
." 

..,. 
l1.. 

c 
.2 
u 0·5 
1:11 
L- • - Brick Units L-

o 
U 

2 O·L. 
o 
a: Re lo \ ionship 

u 
<li 
o- 0·2 Vl 

<r 

O 2 3 5 

ASPECT RATIO 

Fig 6 Aspect ratio correction factor for bricks and prisms 

lt can be seen frorn the Figure that the proposErl re1ationship is campatib1e with 
both the brick and prism resu1ts and therefore can be applied to either. 

TABLE 4 ASPECr RATlO CDRRECl'lON FACIDRS FOR CDMPRESSIVE STRENGI'H 

Aspect Ratio O 0.4 0.7 1.0 3.0 >5.0 

Correction Factor (Kc ) O 0.50 0.60 0.70 0.85 1. 00 
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5. CDNCLUSION 

This paper has described a series of tmiaxial compression tests on calciurn 
silicate bricks and prisms using a rrortar consisting of 1 cement : 5 sand + water 
thickener. For each brick type, the confined and tmconfined compressive 
strengths were detennined. Unconfined strengths were obtained using flexible 
brush platens which minimized the influence of platen restraint on the specimen 
during loading. By canparing the tmconfined and confined cempressive strengths 
of bricks of the same type for a range of aspect ratios, an aspect ratio correction 
factor was derived. No appreciable difference was observed in this correction 
factor between solid and perforated tmits. 

prisms of varying height/ width ratio were constructed to study the influence of 
prism aspect ratio on cempressive strength. Differing numbers of tmits were used 
in the prisms to produce prism aspect ratios ranging frem 1. 71 to 7.76. The tests 
confirmed the validity of the existing relationship in A.S. 1640-1974 for prism 
aspect ratio correction factors. 

A simple relationship for the aspect ratio correctionfactor applicable to both 
bricks and prisms has been derived. This can be used to convert the confined 
ccrnpressive strength to an equivalent unconfined value for use in designo 
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