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ABSTRACT

The relationship between cavity size and number on one hand and combinations of web thicknesses were
investigated theoretically. The least number of cavities was 4 for end-web to centre web ratio of 1:2 at constant
shell thickness with the least web thickness equal to 12.5mm. The effects of the number of cavities and web

thickness on strength were also investigated. The test thin plate distributes the load on the block and the hollow
block is regarded as a two way slab. One of the principal findings is that the variation of maximum stresses with the
number of cavity is Gaussian for end-web to centre-web ratio of 1:1 but polynomial for 1:2. In addition, the lowest
stress is induced when the end to centre ratio is one. The maximum stress, (21.5N/mm?) occurred at the cavity
length (a+) of 125mm for 3 cavities while the end (end centre) web thickness (t) was 25mm respectively. In order
words, this combination should be avoided as it will lead to creation of highest stress in the hollow sandcrete

blocks. The configuration which will result in least stress (0.5N/mm?) is (ax N, t) = (50mm, 4mm, 50mm).

However, this combination also gave a high maximum stress (6.9N/mm?) in a web, implying that the right choice of
configuration should be rather the one that creates the smallest set of maximum stresses in all members. Overall,

the best configuration is 2 cavities with web thickness 50mm for an end web to centre web ratio of 1:1 (3.3N/mm?).

The corresponding values for 1: 2 ratios are 3 cavities with 50mm shell thickness (4#.8N/mm?). The method
presented showed meaningfil insight could be investigating theoretically.

Keywords: hollow sandcrete blocks, cavity size, cavity number, series arrangements, parallel arrangements,
stresses

1. INTRODUCTION

Sandcrete blocks, moulded into different sizes [1], are
often used as wall construction materials for building.
Building industries in Nigeria often produce two-cell
hollow sandcrete blocks [2, 3], but it is necessary to
investigate other configurations and sizes, especially
as they affect the compressive strength of sandcrete.
Some research works had been done on the
relationship between cavity characteristics, web
thickness and strength. The variations in cavity
volumes, shell thickness, web thickness and cavity
shape affect the compressive strength of hollow
blocks. Udoeye et al. examined the influence of
geometry on the compressive and tensile strength of
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laterized concrete and noted that it has significant
effect [4].

It has been shown by Ezeokonkwo that centre-web to
end-web ratio of unity does not give hollow sandcrete
blocks of maximum compressive strength [5, 6].
Ezeokonkwo also investigated two-cell hollow
sandcrete blocks and stated that the size of the block
cavity would affect its compressive strength [5]. His
results showed that there exists an optimum
combination of cavity volume with centre-web to end
-web ratio that would give the maximum strength.

It is literature that not much
investigation had been done on the relationship

between the size and number of cavities and web

obvious from
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thickness on one hand and their effect on the
compressive strength of hollow sandcrete hollow
blocks on the other. Hence, this research paper is
aimed at determining the theoretical optimum cavity
size, web thickness and cavity number that would
yield the highest strength. The results would help
reduce the cost, labour and time necessary to
investigate all the configurations and sizes of cavity
that would give the best strength.

2. STRESS ANALYSIS

In order to determine the stress distribution on the
hollow blocks of varying number of cavities, the webs
are regarded as the supports. The test thin plate
distributes the load on the block and the hollow block
is regarded as a two way slab. The details of the
analysis are shown in the Appendix. The coefficients
were determined from a design manual [7]. The
variation of maximum and minimum stresses with
cavity length and number of cavity are shown in
Figures 1 to 8 for cases where end-web to centre-web
ratios is 1:1 and 1:2.

3. RESULTS AND DISCUSSIONS

3.1 Effects of Web to Centre-web Ratios

The effects of end-web to centre-web ratios on the
maximum and minimum stresses developed in the
block are shown in Figures 1 to 4 and 5 to 8
respectively. The overall maximum stress developed is
22N/mm?2 (Fig. 2) at an end-web to centre-web ratio
of one as opposed to the value of 14.3N/mm? for a
ratio of 1:2 for 22.5mm web thickness (Fig. 1).
Generally, higher stresses are induced at a ratio of 1:1
than 1:2 for the same number of cavities and web
thickness which is in line with the findings of
Ezeokonkwo [5].

In addition, as expected the maximum stresses occur
when the number of cavities are 2 and 3 for the ratios
of 1: 2 and 1:1 respectively. Variation of maximum
stress with number of cavity is polynomial for the
ratio of 1:2 while for 1:1 it is approximately Gaussian.
The lowest of the maximum stresses is 4.8N/mm? for
the 1:2 ratio and all web thicknesses whereas for the
ratio of 1:1 the values were approximately
7.53N/mm?2,6.53N/mm?, 5.53N/mmZ2and 3.3N/mm?
corresponding to the web thicknesses equal to
22.5mm, 25mm, 37.5mm and 50mm respectively
(Figure 2). This shows that the higher the thickness of
the web the lower the induced stress.

Another obvious result is that the same stress desired
could be achieved at various combinations of the
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number of cavities and web thickness. For instance, in
the case of 1:2 ratios (Figure 1), the same lowest
maximum stress could be obtained by creating 3, 5, 7
and 8 cavities with web thickness of 50mm, 37.5mm,
25mm and 22.5mm respectively.

The effect of the end-web to centre-web ratio on the
lowest induced stress is evident in Figures 3 and 4.
The stresses reduced as the web thicknesses and
For the 1:1 ratio, the global
minimum is 0.5N/mm? for 4 cavities and 50mm
thickness. In order words, the optimum minimum
stress is induced when 4 cavities are created for end-

cavities increase.

web to centre-web ratio of 1:1 with thickness of
50mm for the ranges of values considered. However,
high stresses occur in some members with 4 cavities
implying that the configuration with the least stress in
one member may not necessarily be the best
configuration since it may have high stresses in some
other members.

For clarity, it must be emphasized that configurations
that lead to inducement of the lowest stress in the
blocks is desirable since with minimum stress the risk
of failure is reduced. This is in contrast with the
concept of determining the maximum stress the
member could withstand. Configurations that cause
maximum stresses in the members should be avoided.
It has been experimentally demonstrated that cavity
volumes greater than the trough value, the failure of
the block is sudden and rather catastrophic making
this regime after the trough (plot of strength against
ratio of (v¢/vs)) very undesirable [5, 6].

3.2 Effect of Cavity Length

Generally, the maximum stresses initially fall with the
size of cavity (a) between a = 0 mm and 12.5mm and
then increases linearly for a > 12.5mm. For the ratio
1: 2 at all the web thickness except 50mm. for 50mm,
the decrease extended to the point a = 50mm after
which there was a continuous increase (Figure 5). The
results showed that despite the web thickness the
larger the cavity the larger the stress. This is
theoretical; however, variation of end conditions may
change this largely. There is a noted change in
compressive strength as the volume of cavity
expressed as a ratio of the volume of solid part is
increased. This trend is rather interesting in that as
the cavity volume increases the strength decreases to
a minimum and then begins to increase. This would
appear to be anomalous, as one would generally
expect the strength to continue to decrease with
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increasing cavity volume. The observed trend may be
ascribed to some sort of size effect [5, 6].

At an end-web to centre-web ratio of one (Fig. 6), the
curves at various thicknesses are nearly Gaussian with
sharp peaks that reduce with increase in web
thickness. There is no immediate explanation for the
rise in maximum stress between a = 0 mm and a =
100mm. The lowest of the maximum stresses occur
between a = 150mm and a = 200mm.

The effects of cavity size on the lowest stresses are
shown in Figures 7 and 8. Again, as the size increases
the stresses increase for all thicknesses except for
50mm. At a = 50mm, there is a sharp fall (Figure 7)
creating a global minimum of 0.5N/mm?2for t = 50mm
and a ratio of 1:1. There was no such fall at t = 50mm
for the ratio 1: 2; rather a decrease occurs along the
curve of ominversus size, a (mm) att = 25mm and a =
100mm.

4. CONCLUSION

The simulation of the distribution of maximum
stresses in sandcrete blocks of different configurations
under the assumption of uniformly distribution load
from the test thin slab with the blocks behaviourally
similar to concrete is obviously approximate.
However, it can offer useful insight about the
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Fig. 1: Maximum stress, o max against the number of
cavity where end-web to centre web ratio is 1:2
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Fig. 2: Maximum stress against the number of cavity for
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configurations that could induce maximum stresses in

blocks and so should be avoided. It could also yield the

configurations that should yield the lowest stresses.

From the analysis, the following conclusions are

deduced:

(1) Construction of blocks with end-web to centre-
web ratio of 1:1 and thickness equal to 22.5mm
should be avoided as it induces a maximum
stress in the sandcrete blocks.

(2) The optimum choice that results in the lowest
stress (0.5N/mm?2) is where the thickness is
50mm for an end-web to centre-web ratio of
1:1. However, it creates high stress in other
members. Overall, the best configurations for
the ratios of 1:1 and 1:2 are 2 and 3 cavities
respectively with 50mm shell thickness. The
corresponding 3.3N/mmZand
4.8N/mm? respectively.

(3) The distribution of the maximum and minimum
stress for various numbers of cavities and the
end to centre web ratios of 1: 1 and 1:2 are
Gaussian and polynomial respectively. On the
other hand, the distribution of the lowest
stresses does not generally fit into any form.

However, it is suggested that these results be verified

with data from laboratory experiments.

stresses are
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Fig. 3: Lowest stress against the number of cavity for
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APPENDIX: EXAMPLE OF CALCULATIONS FOR 1:2

SERIES ARRANGEMENT
THICKNESS 22.5mm - 45 mm - 22.5mm

W is the Typical load carried by the hollow sandcrete
block and obtained from Reynolds et al. [7].The
supports are treated as simply support and fixed
support and depends on the position of the cavity. R is
reaction at support. The value k is a ratio and how to
obtain it is given below.

R —5k<1
378

R2=

RZ

45

R4
, 90.001 .
r A

Ly 225 )

T Lx 225

)wle

5

3
a1 (1 _ g) % 1.8469 X 2252

36523.2N

Q| W

3 3
R, = §R3 = gx 36523.2 = 21913.9N
R =iK2 wlix?
4 16
3
1—6>< 1.0%2 x 1.8469 x 2252
17531.1N
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Ly 225
T Lx 1125
3 2 3 2
Rs = R, = % wix? = 25 % 1.8469 x 112.5
= 3506.2N
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