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Abstract

The purpose of this study is to investigate the various methods and
processes of production of sandcrete blocks in Southern Nigeria. To carry
out this study, twenty five block industries were randomly sampled from
Iliree major towns of Edo, Ondo and Anambra States from an estimated
population of 1500 block Industries. In-depth interview was used to obtain
information from managers, supervisors and other workers in the block
industries. The cement/sand mix ratio, water/cement ratio, and vibration
time used for compacting of the blocks were experimentally determined.
The result of the field survey showed that the block industries were yet to
comply with the standards set by Nigerian Industrial Standards and the
British Standards. The production processes were still carried out manually
and the workers employed were unskilled. Quality control processes were
not in place. The cement/sand ratio used by the industry ranged between
1:10 to 1:16 as against 1:6 recommended by the standards. The
water/cement ratio ranged between 0.8 and 1.0 as against 0.6. The vibration
time ranged between 10 and 17 seconds as against 20 to 30 seconds. These
production methods and processes used by these industries, should only give
rise to weak and unsafe blocks, which would ultimately give rise to unsafe
buildings.

Introduction
According to Singh and Olabiran as reported by Adeola (1997), sandcrete blocks have gained pre-eminence over

the traditional bricks because of abundant availability of sand and cement and have established an important place in
building industry leading to a high demand for these materials. The high demand for sandcrete blocks has led to the
springing up of numerous block moulding industries. Quality control standards have been provided by the Nigerian
Industrial Standards (NIS). (SON, 1975):

Kelvin and Akagu (1994) studied ready-made sandcrete blocks in Enugu and concluded that

there was lack of quality control in the production of the blocks which resulted in the production

of sub-standard blocks. Thus, when these blocks are used for construction, they will have

dangerous consequences on the structure. Such consequences include rampant building failure,

which in many cases involves the loss of human lives.

Adeola. (1997) investigated the production process in some block industries in Akure, Idanre and Benin and
concluded that most of the block industries used mix ratio of 1:12 and vibration time of 10secs. He also stated that
compressive strength was lower than that specified in the standards and in Benin City, no quality control measures were
being employed in the production of the sandcrete blocks. He recommended that a closer watch on the block industries
was needed and that set quality standards should be followed in the production of blocks. In order to allow for
sustainability and development of our block industries to international standards, provide quality for our building
industry and maintain regular monitoring of the industry, it is necessary to institute a closer monitor on these industries.

The purpose of this work therefore, is to carry out the state- of- the -art study of our block manufacturing
industries in a wider sense, in order lo determine:

i. The technical capabilities of the block manufacturing industries;
ii. The quality control processes employed by them;
iii. The cement/sand, water/cement ratio, and vibration time, and type of sand employed;

Whether the standards are followed or not; and
vi.  Suggest ways of improving the block manufacturing industries in order to improve on the quality of their products.

Methodology
To avoid the difficulty that would arise in random sampling a population relatively distributed over a wide geographical
area, a multi-stage sampling technique splitting the southern Nigeria into East, Mid-West and West was adopted; from where
Anambra, Edo and Ondo States were selected for the study. The random sampling procedure was then adopted to achieve a
fairly representative sample of the entire population of Block Industries in these states. The populations of Blocks Industries in



the three states with an average daily output of 500 blocks was estimated to be 1500. Three major towns were chosen from each
of the three states such that, one town was selected from the Northern, Central and Southern parts of each State.

In Edo Sate, the major towns chosen are Benin City, Auchi and Ekpoma; in Ondo State, the major towns chosen are
Akure, Ondo, and Ore and in Anambra State, the major towns chosen are Onitsha, Awka and Nnewi. Twenty five block
industries were randomly sampled, at least two block industries from each of the three major towns of each State. ~

Indept interview was used to tap information from managers and workmen. On the other hand, experiments were
carried out to determine cement/sand ratios, water/cement ratios and vibration time, which were applied in the operations of
each of the Block Industries. The curing technique employed by each block industry was also noted.

Measurement of Cement/Sand Ratio

The mis ratio of sand and cement is the ratio of the cement to sand used in the production of the blocks measured by
volume or by weight. The mix ratio was determined by observing the number of head pans of sand and the number of
wheelbarrows of sand used (where wheelbarrows are used) for mixing one bag of cement respectively. Sand/cement ratio is
determined by dividing volume of sand by the volume of cement.

Water/Cement Ratio
The water/cement ratio is the ratio of the weight of water to the weight of cement used in moulding the blocks. This

was calculated by measuring total weight of water used in batching of one bag of cement from where the ratio is calculated.
The total weight of water is the weight of water in the sand plus weight of water added to the mixture of sand and cement.

Vibration Time

Vibration of sandcrete blocks is a means of achieving compaction of the sandcrete blocks by rapid shaking of the
cement/sand mix in the mould by means of the vibration machine. The process consists of elimination of entrapped air from the
cement/sand mix to achieve as close as possible a configuration for the mix. The vibration time is the time used to vibrate the
mix in the mould for it to receive satisfactory compaction. The more the time of vibration, the more the compaction of the mix
and the greater is the density. The vibration time was determined by measuring the time to achieve satisfactory compaction of
the blocks using a stop clock.

Curing
As soon as the blocks are released into pallets from the moulding machine they are stacked in the open for curing.
Curing by water sprinkling is the usual method used by the block industries. The methods of curing and the curing time were

observed for all the block industries.

Fine Aggregate Distribution

Samples of sand used in each Block Industry was taken. Sieve analysis to determine the particle size distribution of the fine
aggregates collected from each Block Industry was carried out. Each sample was oven dried for 24 hours at 110 degrees
centigrade and then allowed to cool. A known weight of the sample was then passed through a set of British Standard sieve
and vibrated on a mechanical sieve shaker. The weight retained on each sieve was recorded and the percentage of
the total sample passing each sieve was calculated hence the zone of particle distribution for each sand was
determined. The fineness modulus, coefficients of uniformity and coefficient of curvature were also determined.
The coefficient of uniformity C,,, and coefficient of curvature C. was calculated from:
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where Dy is the largest size of the smallest 10% of sand passing the sieve. D3, the largest
size of the smallest 30% of the sand passing the sieve. Dgothe largest size of the smallest
60% of sand passing the sieve. Soils are classified as well-graded if Cu >4 and 1 <Cc <3.

Results

The results of the measurements of cement/sand and water/cement ratios, the vibration time used and the
mix techniques and type of and used are given in Table 1. The percentages of weight of samples retained on BS
sieve are given in Tablel. Values Cu and Cc are calculated and shown in Table 2 (b). The graph of percentages
of weights retamed on British Standard sieves versus sieve sizes are shown in Fig I.

Table 1: Cement/Sand, Water/Cement Ratios, Vibration Time and the Types of Machine and Sand Used



Block industry Mix ratio Machine mix’hand Vibrating time (sec.) Type of sand Water cement ratio-
mix

1. Aduses block industry, 1:12 Machine 15 River, dugout sand and erosion 1.0
63 Ekewuan road,

Benin-city

2.. Dewosco block industry, 1:12 Machine [5 River and Dug on | sand 0.8
'90 New Lagos road,

Benin-city

3. Edoba block industry, 93 1:16 Machine 12 River and Dug out sand 0.9
Sakponba road, Benin-city

4 Uinorii block industry, 1 112 Machine 12 River and Dug out sant! 0.8
2 Oiaru road, Auclii.

5. lbrahim block industry, 22 1:16 Machine 15 River and Dug on! sand 0.7
Otaru road, Auchi.

6.. Poly block industry, 33 116 Hand - River and Dug out sand 0.8
Poly road, Anclii.

7. Mosto block industry, 116 Machine 10 Dud out sand 0.9
93 Ujoelen road, Ekpoma.

8. Esangbedo block 114 Machine 12. Dud out sand 0.7
indusiry, 32 Benin express

road Ekpoma.
9. Aridi block industry,20 1:12 Machine 15 Dud on! sand 0.8
liwrnudurnu road, Ekporna.

10 Aremii block industry, 17 112 Machine 16 River and Dug out sand 0.9
Qndo-Ife road, Ondo.

11. Wasiu block industry 92 114 Machine 14 River and Dug out sand 0.9
Oke Ado road, Ondo.

12, 1 jeniila block 112 Machine 13 River and Dug out sand 10
industry, 2 Ibukun street,

Ondo.

13 IpadeOluwa block " 115 Machine 15 River and Dug out sand 0.8
industry, !4 Oremeyi road,

Akure.

14. Ogunwale block 114 Machine 17 River and Dug out sand 0.9
industry, 102 Jacob Tanwo

street, Aknre.

15. Akmloye block 115 Machine 15 River and Dug out sand 0.8
industry, 32 Ladipo road,

Akure.

16. lbukun block 112 Machine 13 River and Dug out sand 10
industry. Km 97

Ore-Benin express way.

17  Ade Ola block 114 Machine 15 River and Dug out sand 0.8
industry, 67 Ifoii Alaye

road. Ore.

18  Niyi block industry 114 Machine 17 River and Dug out sand 1.0
10 Ogo Oluwa street,

Ore.

19. Ojimba block industry 110 Machine 16 River sand 0.8
,42 Onwodiwe street,

Onitsha.

20. Chukwu block 112 Machine 18 River sand 0.8
industry 297 SI. Michael

Road Nnewi

21. Emelonye block 114 Machine 15 River sand 0.9
industry, Agbani sireet,

Nnewi,

22. Anigo block industry, 110 Machine 18 River sand 0.7
24 Obe road, Nnewi.

23. Chtdi block industry, 115 Machine 16 River sand 0.8
70 Ekeayanwii street,

Awka,

24. Emeka block 115 Machine 15 River sand 1.0
Industry, 12 General

Hospital Road Akwa.

25. Okeke block Industry, 113 Machine 17 River sand 0.8

45 Eziaclii road, Awka.




Discussion of Results Cement/Sand Mix
Ratio

Field survey indicates that most of the block industries mix one bag of cement with 4 to 6 wheelbarrows of sand.
This gives a mix ratio of 1:10 - 1:15. Some other block manufacturing industries use one bag of cement to mix
between twenty-four to thirty-two head pans of sand, which gives a mix ratio of 1:12 to 1:16.The wheelbarrows and the
head pans are filled above the normal capacity. This mix ratio is at variance with the recommended mix ratio of 1:6. The
incorrect mix ratio contributes to strength reduction of the sandcrete blocks. 80% of the block manufacturing industries
mix their materials with concrete mixer which gives a more homogenous mix while the others use hand mixing, which,
if not thoroughly mixed, gives a lower strength value than the machine mixed, From the results of the mix ratios
presented in Table 1, it can be seen that the cement/ sand ratios used in the industry, range between 1:10 and 1:16
cement/sand ratio. This finding agrees with Adeola (1997) that the industries use mix ratios of up to 1:12.

Water/Cement Ratio

The block manufacturing industries do not bother to measure the amount of water used for mixing their
sand/cement mix. Field survey indicated that the mixer operators normally use 20 - 25 litres of water for half bag of
50kg cement or 40-50 litres of water for one bag of 50kg cement when the sand is dry. This gives water cement of
between 0.8 - 1.0. This water/cement ratio is inadequate when compared to water/cement of 0.6 stipulated by NIS
standards. The results of the water/cement ratio used by the block industries for moulding their blocks are given in Table
1.

Vibration Time

The block manufacturing industries sampled vibrate their blocks for 10-18 sees, before removing their blocks
from the block-moulding machine. This agrees with Adeola (1997) who stipulates that they use a vibration time of 10
sees. The more the time of vibration of the mix the more compacted the mix. A well-compacted sandcrete block
develops higher strength than a less compacted one of similar mix if cured under the same conditions. Both 225mm
and 150mm blocks are subjected to the same vibration time. This should not be the case. The time used for vibration of
225mm block should be more than that for 150mm blocks since the 225mm has a greater weight than 150mm and requires
more energy and time to compact.
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Fig 1. percentage of weight of sample retained on BS seive vs seive (mm)

Sample label Al A2 Bj 112 El OD1R OoD2D OR1R OR2D | AR1 NNE1K | A\WVR |OM
Sieverjo  sieve size
| 10 0 0 0 0 0 1.997 0 0.56 0 2.25 0 0 .
2 5 0 0.33 0 0 0 i.03 0 0.23 0 0.43 0 0 f
3 2.36 1.77 0.87 2.42 2.4 1.56 10.69 2.79 10.56 0 4.3 4 231 cC
4 1.18 8.93 8.6 12.13 1158 7.18 25.92 11.09 26.74 2.67 9.14 13 11.9 55
5 0.6 30.6 30.67 44.45 29.54 1745 39.42 19.73 37.8 19.34 275 26 21.44 18 "
6 0.425 215 22.17 25 86 20.44 19.38 14.24 13.66 13.49 16.8 195 21 19.R4 21
8 0.213 11.79 11.63 3.23 11.64 21.75 1.95 155 2.35 16.72 1191 11 11.64 10 -
9 0.15 541 5.54 1.09 5.52 8.78 0.66 12.29 0.77 13.94 5.69 2 6.2S 451
10 0.106 1.8 1.94 1.22 1.3 2.1 0.2 6.9 0.22 8.08 191 0.5 2.1 0:-
11 0.075 0.66 0.76 0.07 0.4 us O.l 4.2 0.07 4,76 0.77 0.4 0.5 0*1
12 0.063 0.19 0.35 0.04 0.09 0.24 0.02 1.24 0.01 1.18 0.17 0.08 O.l 0
Table 2 (b): Aaaregate Parameters
Fineness Modulus F 3.84 3.79 454 | 3.96 5.18 2.6 5.1 2.29 3.98 4,06 3.86 Xo]
Coef of Uniformity C 2.4 2.42 2.38 3.1! 2.35 2.5 10 2.6 5.75 3.1 2.8 3J 2
Coef. OrCurvatureC, 0.9 091 1.16 0.83 0.98 1.1 1.4 0.9 1.2 0.95 0.84 0.89
Zone 1 2 2 2 2 4 4 4 4 4 2 2 2 =




Curing

As soon as the blocks are released into pallets from the moulding machine they are stacked in the open for
curing. Curing is by sprinkling of water onto the blocks after they have hardened by the second day. The
manufacturers do not have specific period for curing of their blocks. Generally, they start sales the third day
after casting, in some cases, curing can be done as long as seven days depending on the space available
for stacking of the blocks and demand by buyers. In some cases stacking of blocks may even start from the
third day after moulding if there is no space left for moulded blocks.

A sample test of compressive strength shows that most of the blocks tested developed about 70% of
their 28" day compressive strength at 7 days. Curing of blocks by block manufacturing industries should be
carried out up to 7 days before stacking of blocks or selling to customers. The more days the blocks are cured
the higher the compressive strength values of the blocks.

Organizational Structure of the Block Industries

The block industries sampled employ workers ranging from two to twenty people. The workers
employed are either unskilled or semi-skilled. None of the block industries employed qualified technical
and skilled personnel such as accountants, managers and engineers for their operations. In the industries
managers employed are unskilled. They oversee the production processes and manage the business with the
support of account officer. This type of setup is less likely to bring improvement or innovation to the system.

Production Process

The processes used in the production of sandcrete blocks by these industries are carried out manually,
ranging from feeding of materials into the mixing machine, transferring of mixed materials to the moulds,
and vibration. In 20% of industries, mixing of sand and cement is done by hand. Transfer of blocks into the
curing area and sprinkling of water on the blocks is done manually. The block moulding machines can only
produce between one - three blocks per production batching,

One of the major problems faced by the block manufacturing industries is the rising cost of cement
due to inflation.

There is also the problem of buying re-bagged' 50kg-bag cement from cement sellers, which contains
less quantity of cement compared with the manufacturer's first packaging. The're-bagged' 50kg- bag cement
when used for production gives blocks of lower compressive strength than correct 50kg-bag cement because
of the reduced cement content.

Block manufactures also have transportation problems. Only 30%-40% of them can afford to own a
truck, the rest of them depend on hired trucks for conveying their products. This often results in late delivery of
their products to costumers.

Quality Control and Quality Standards Set for Blocks

The block industries do not follow the quality standards set for sandcrete blocks by the Nigerian
Industrial Standards. They do not follow the specified cement/sand ratio of 1:6 and water/cement ratio of
0.6. They use higher cement/sand ratio that gives them a good profit margin for their sandcrete blocks. The
water/cement ratio is left at the discretion of the operator.

No quality control unit is set up to monitor the quality of their products or taking their product to
laboratory for test of the quality of sand and cement used in manufacturing of their blocks. No check is
carried out on the weight of cement used for production and no check is also carried out to determine if the
blocks have gained the required strength before selling to customers. All these deficiencies exist to the
detriment of the consumers.

Compressive Strength of the Blocks

The block manufacturers are not aware of the strength requirement of their product (sandcrete
blocks). They do not even bother to take samples of their product to the laboratory for compressive strength
test or use any instrument to test in order to find out if their product meets the required specified strength of
Nigeria Industrial Standards (NIS) or the Federal Ministry of Works and Housing (FMWH) standards.



Sieve Analysis and Grading of Aggregates

The results of the sieve analysis of the samples of fine aggregates used by the sand- crete Block Industries
for moulding blocks fell into zones 2 and 4. The sand samples collected from Edo and Anambra States fell
into zone 2 while those from Ondo State fell into zone 4. However the Nigerian Industrial Standards
(NIS) recommended sand from zones 1 and 2 for use in producing sandcrete blocks, hence, only sand in
Edo and Anambra which fell into zone 2 satisfies the requirements for block making. 15.40% of the 13
different kinds of sand sampled in the three states had coefficient of curvature between 1 and 3 and
coefficient of uniformity greater than 4. These can be said to be well graded. On the other hand, 84.60% of the
13 different kinds of sands were found to have coefficient of uniformity to be less than 4, hence they can be
said to be either non-uniformly graded or gap-graded. 1 1 out of 13 sand samples studied had the maximum
weight-retained on sieve No. 5 (0.6mm sieve), which indicates coarser sand (see Fig. 1.).

The fineness modulus of the aggregates ranged between 2.21 and 5.18. The fineness modulus of the
river sands ranged between 3.79 and 5.18, which indicated coarser sand. For sandcrete block making the
coarser and the sharper the fine aggregates the greater the strength of the blocks. "A fineness modulus is
obtained by adding the cumulative percentage retained on the nine sieves 37.5mm to 150// m and dividing the
sum by 100.

Range of Products

The sandcrete block manufacturers produce (225mm x™'225mm x 450mm) and (150mm x 225mm x
450mm) hollow sandcrete blocks and (150mm x 225mm x 450mm) solid blocks. Less than 10% of the block
industries produced fancy blocks. Two small scale manufactures produced (125mm x 225mm x 450mm) and
(150mm x 225mm x 450mm) solid sandcrete blocks. They also produced (150mm x 225mm x 450mm),
(225mm x 225mm x 450mm) sandcrete hollow blocks and fancy blocks.

Conclusions and Recommendations
The following conclusions and recommendations are reached:

Conclusions
From the field survey carried out, and the findings of this study, the following conclusions have been
drawn:

* The block industries, which use mix ratios ranging from 1:10 -1:16 for moulding of their
sandcrete blocks, do not conform to the NIS standard ratio of 1:6.

* The water/cement ratio used by the block industries lies between 0.8 and 1.0, which is not in
compliance with the recommended water cement ratio of 0.6 by the NIS.

» The block industries do not have quality control units to monitor the strength of their blocks.
None of them knows of or has used the non-destructive testing equipment for testing of the
compressive strength of their products.

» There are no laboratories in the block industry or within the vicinity to carry out quality control
tests. No test is carried out on the sand used for moulding of the blocks.

» All the block industries cured their blocks for just 3 days before commencing sales to customers
except where there is no demand for them from customers.

» The same vibration time has been applied to 225mm sandcrete blocks as well as that of 150mm
blocks.

» All the production processes of block making are carried out manually except mixing and
compaction of mix in moulds.

» 30 to 40% of the block industries do not own their own trucks for use to deliver their products.

» A few of the block industries employ professionals like managers, accountants and qualified
technical personnel for efficient running of their block industries.

Recommendations

The block industries should be made to set up or be associated with a laboratory that carries out
compressive strength measurement of the blocks, A quality control monitoring unit of NIS should be setup
for the block industries, which should regularly monitor the block industries' products and make sure that the
set standards by FMW H and NIS are being maintained:



* Block industries should be encouraged to use more automated block moulding machines that can produce
more than three blocks per batch to increase production and make more profit.

" The block industries should be made to cure their blocks for at least 7 days before sales to customers.

" Block industries should employ professionals and technical staff so as to develop the technical capability
of their production processes.
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