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Effect of cement on construction of biosand filters in
remote communities around the world
Alexandra Deaconu and Rishi Gupta

Availability of clean drinking water is a major issue around the world. There are various techniques available to treat
water; however, people living in rural and remote communities, especially in developing countries do not have access
to many of these water treatment options. Over the years, biosand filters have become very popular to treat water and
according to some estimates more than 400,000 filters are currently in use. However, there are many issues that limit
the use of such biosand filters and one of them is the lack of understanding of the effect of concrete on the quality of the
biosand filter. Cement produced in different countries, especially developing countries, can vary in quality significantly
and its effect on constructing biosand filters is not understood. The project described in the paper investigates the effect
of quality of cement procured from Uganda, Zambia, and Nepal on the compressive strength of concrete and ultimately
the construction of the biosand filters. Results indicate that the compressive strength of cement from developing
countries is significantly lower than that of Canadian cement, but may still provide sufficient strength for constructing
biosand filters.
Keywords : Quality of cement; biosand filters; water filtration in remote communities.

1.0 INTRODUCTION
Availability of clean drinking water is a major issue
not only in developing countries but also in developed
countries. This problem is aggravated in remote and rural
areas around the world where access to technology and
power is limited and people live below the poverty line.
CAWST is a non-profit organization that deals with the
design and implementation of the Biosand Filter (BSF).
This filter is an in-home water filtration system encased
in concrete. There are over 400, 000 filters currently being
used in several countries across the world, serving those
in need of clean water sources. Figure 1 illustrates the
filter’s components that includes a diffuser plate, fine
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sand, coarse sand and gravel. All these components are
housed in a body made using concrete.
Even though the filters are widely being used around
the world, there are many issues related to the concrete
mix design and construction that affect the performance
of the filters. There is lack of understanding about: the
influence of the current mix design on strength and
ease of construction, variation in strength of cement
manufactured in developing countries around the world
and its influence on the ultimate strength of the concrete
mix, and lack of a simple technique to test the cement
quality onsite to determine cement strength. Among
these parameters, cement quality (strength) is key to
production of good quality concrete and unfortunately
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samples as per ASTM standard procedures that specifies
the following: “3 day test, acceptable stress level = 12.4
MPa (1,800 psi), 7 day test, acceptable stress level = 19.3
MPa (2,800 psi), and 28 day test, acceptable stress level =
27.6 MPa. ” [1]. The results of this study in Bangladesh is
summarized in Table 1.
As an outcome of these tests, Ahmmed and Koehn noted
that a sample having reached the specified compressive
strength at an age of 3 or 7 days, does not necessarily
guarantee that it will also have the specified compressive
strength at an age of 28 days, as can be observed in
Table 1. This study highlights the production of low
quality cement in developing countries. Poor quality of
cement can eventually affect the soundness and durability
of structures [5].

the strength of cement itself is known to vary significantly
in developing countries. Ahmmed and Koehn (2001)
discuss the test methods and procedures they followed
to determine the quality of cement in Dhaka, the capital
city of Bangladesh [1]. The sample collection process for
their tests included dividing the metropolitan area of
Dhaka into eight different zones and obtaining various
cement types from typical construction sites. 189 tests
were performed, of which 54 produced inconsistent
results; only 135 of the tests were further considered. The
methodology they used to determine whether or not the
cement quality is satisfactory was to conduct tests as per
ASTM standards and compare the results to the ASTM
standard specifications for adequate cement quality [2].
They conducted compressive strength tests on mortar

Table 1. Bangladesh cement quality study results [1]
Test age
(days)

% of total (135) samples
Satisfied ASTM
specifications

Within 90% of
ASTM spec.

Within 75%
of ASTM
specifications

3

26.67%

53.33%

80%

7

6.67%

13.33%

60%

28

0

6.67%

33.33%

In the project reported in this paper, the effect of cement
procured from different developing countries was studied.
The effect of the cement on concrete’s compressive strength
and hence on the quality and performance of biosand
filters is investigated. This paper discusses the process
of constructing and implementing biosand filters per the
design recommended by the Center of Affordable Water
and Sanitation Technology (CAWST) [3]. The suitability
of using the CAWST recommended concrete mix design
that is widely used in remote and rural communities
around the world is also studied.

2.0 CEMENT QUALITY TESTING: CEMENT
FROM DEVELOPING COUNTRIES
In order to test the quality of cement, compressive
strength tests as per ASTM C109/C109M – 11b using
50-mm cube specimens were conducted. Compressive
strength of cement is a strong indicator of the quality
of cement and directly affects the ultimate strength of
concrete. Cement sourced from Zambia, Uganda, Nepal,
Cameroon - Yaoundé, Cambodia and Lao was procured
for this project. However, due to the limited quantity
of available cement, cement from only the following
countries was considered for the investigation:
1. Zambia
2. Nepal
3. Uganda
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Mortar specimens using Canadian type GU (General
Use) cement were also cast to compare the strength with
that of the other countries’ cement strength. The mortar
specimens constituted three materials: cement, sand, and
water. Due to non-availability of standard sand, river sand
was used for this project. The same river sand was used for
all the mixes, which allowed comparing strengths of the
mortars solely based on the cement quality. The chosen
water-cement ratio of the mortar was higher than 0.485,
which is specified in the ASTM C 1434-07 standard. The
mortar had a water-cement ratio of 0.6. All mortar mixes
were tested for their workability using the flow table test
as per ASTM C 1434-07. This data is not provided here to
maintain brevity.

Curing of mortar specimens
All specimens were cured for 7 days prior to testing.
Each set of mortars consisted of three cubes. According to
ASTM C109/C109M – 11b standard procedure, specimens
should be moved to the moist room to cure immediately
after they have been placed and compacted in the molds.
However, the first sets of mortars constructed using
Zambian and Ugandan cements were erroneously left in
the lab at room temperature for 24 hours, and then placed
into the moist room for another 6 days. In order to account
for this, another set of three mortars were constructed
using Canadian type GU cement. This allowed comparing
the results of compressive strength of the Ugandan and
Zambian cement mortars with Canadian cement mortar
cured under similar curing conditions. Although this
was slightly different from the ASTM C109/C109M – 11b
specification for curing methods, the conditions were kept
constant between the three samples. This curing process is
referred to as “Dry Cure” in this paper. To determine the
effect of not curing the mortar properly, additional cement
mortar specimens were constructed using cement from
Nepal, and Canadian cement, and were properly cured
as per ASTM C109/C109M – 11b standard procedure.
This method is referred to as “ASTM Cured” throughout
this paper. There was not enough cement available from
Zambia and Uganda to redo the tests using the correct
ASTM procedure. The Canadian cement specimens
would serve as the common specimens that were
cured using the two methods described above. For this
additional series, the sand used had a higher moisture
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content that increased the water-cement ratio slightly
to 0.68 as compared to 0.6 that was previously used. It
should be noted that increase in water-cement ratio leads
to reduction of strength. Therefore, the second series of
samples cast using type GU and cement from Nepal were
be expected to have a slightly lower strength.

Compressive strength testing
The mortar specimens were all tested as per the standard
specifications in ASTM C 109/C 109M-08. It should be
noted that any test results that were outside of the ASTMspecified permissible range of 8.7% of the average of the
three cubes tested at the same age and constructed from
the same batch were discarded. The test results of the
mortar compressive strengths are discussed later.

3.0 INFLUENCE OF CEMENT QUALITY ON
THE CONCRETE MIX
To determine the influence of the cement quality on the
concrete mix, four sets of cylinders were constructed using
the CAWST recommended mix. CAWST recommends
volume batching in the following proportion:
1 cement: 1 gravel (6-12 mm) : 1 gravel (1-6 mm): 2 sand
The only variable in this test series was cement. In order
to correlate between the quality of different cement
types and its influence on a concrete mix, the same four
cement sources as those used for the cement mortars was
chosen:
1. Zambia
2. Uganda
3. Nepal
4. Canadian (Type GU Cement)
The construction, placement, curing, and test methods
used for these cylinders are the same as those described
before. They are consistent with the specifications of
standards CSA A23.2-3c and ASTM C39. The slump test
was conducted for all of the mixes in accordance with
standard ASTM C143. Air content tests were conducted
only where there was enough cement and therefore a
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large enough concrete batch; the procedure was as per
standard ASTM C231/C231M.
All cylinders were measured after they were ground.
Their diameters were 100 mm to the nearest half of a
millimeter; their lengths were recorded. Since none of the
cylinders’ length-diameter ratio was lower than 1.75, a
strength correction factor did not need to be applied.
In terms of consolidation issues, the Ugandan cylinders
had little to none; the Canadian cylinders had a few.
The Zambian and Nepal cylinders were very poorly
consolidated. The compressive strength test results and
the correlation between them and the cement quality as
per mortar testing are discussed later.

4.0 CONSTRUCTION OF BIOSAND FILTERS
To investigate the effect of slight variations in concrete
mix design on the workability and placeability of concrete
in the biosand forms, a total of six biosand filters were
constructed. Prior to construction of the biosand filters,
the technical know-how and training was received from
CAWST. CAWST provided information about the typical
construction and implementation processes used in
developing countries. To simulate real conditions faced
during manufacture of the biosand filters, steel molds
were transported from CAWST in Alberta to the location
of the research lab in British Columbia.
When building the six filters, it was difficult to exactly
replicate the concrete mix design and construction
procedure outlined by CAWST. The appropriate sieve sizes
required for the aggregate gradation of the recommended
concrete mix design were not readily available, hence
construction aggregates procured from a local ready-mix
plant in Vancouver were used. The mix varied for the
first four filters, after which it was kept constant for the
rest of the filters. The mixes used in each of the first four
filters are discussed in detail in the next section. Another
deviation from the CAWST specifications of the filter
construction process was the compaction of the concrete
as it is placed into the mold. Instead of consolidating the
concrete by hand, with a steel rod and with the help of
a rubber mallet, we used a hand-held electric concrete
vibrator. This resulted in better consolidation throughout

the filters than might be obtained by hand-compaction.
After stripping of the molds, the filters were filled with
appropriate gradation of aggregates for filtration purpose
and put to use right away (Figure 2). This is not described
in this paper as this is beyond the scope of this paper.

Properties of concrete mixes
In order to determine whether or not the current mix
design recommendation by CAWST is optimal, concrete
cylinders for compressive strength were constructed
from the same batch of concrete produced for the biosand
filters. For comparison, another four sets of cylinders
using other typical mix-designs were also cast.

Cylinder casting
All cylinders discussed in this section were constructed as
per CSA 23.2-3c specifications. Once they were demolded,
the cylinders were cured for 28 days prior to any testing.
Tests were conducted as per the standard ASTM C39. The
cement used for all of the cylinders was kept constant:
all mixes used Canadian type GU cement. The slump
for each of the mixes was measured as per the standard
ASTM C143 and air content was obtained as per ASTM
C231/C231M.
Six cylinders were cast using the CAWST recommended
mix design, in order to test their compressive strength
and to observe the workability of the concrete. The

Figure 2. Constructed biosand filters
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recommendation for the current CAWST mix design by
volume is:
1 cement: 1 gravel (6-12 mm): 1 gravel (1-6 mm): 2 sand
CAWST recommends water content of approximately
14%. This mix design resulted in a very low slump
of 5mm, and an air content of 3.6%. The mix was very
stiff and not easily workable. The six cylinders were
demolded a day after having been placed and had a few
consolidation issues, as can be observed in Figure 3.

Cylinders with varying mix designs
While constructing the six biosand filters discussed
previously, different trial concrete mixes were studied
until mix F#4 was developed that was similar to the one
recommended by CAWST. This mix was then used to
construct the rest of the filters. Cylinders were constructed
for all the concrete mixes used for filters F#1, F#2, F#3,
and F#4. The exact ratio of the aggregates used for F#1
was not recorded, however the mix ratios used for filters
F#2, F#3, and F#4 are summarized in Table 2.

Testing of concrete cylinders
Prior to testing, all cylinders were measured and weighed.
All cylinders had a diameter of 100 mm, to the nearest half
of a millimeter. The length and density of each cylinder
were also recorded to ensure consistency of mixes. Their
densities range between 2421 kg/m3 and 2510 kg/m3
which can be considered a reasonable range and compares
well to typical concrete mixes. All cylinders were tested
as per ASTM C 39, at an age of 28 days. Prior to testing,
all cylinders were ground. They were then weighed and
their dimensions were taken. Because the ratio of length-

diameter was not less than 1.75 for any cylinders, no
strength correction factors were applied (ASTM C873 /
C873M). All specimens were tested at an average loading
rate of 0.241MPa/s, as per ASTM C 39 specifications. The
compressive strength test results of the concrete cylinders
are discussed in the results section.

5.0 RESULTS AND DISCUSSION
Cement Quality: A Comparison between Zambia,
Nepal, Uganda and Canada
Mortar cubes made of cement, water and sand were
constructed and tested for compressive strength. As
explained in previous sections there were some deviations
from the ASTM 109/C109 procedures: change in watercement ratios and variation in curing regime. Nonavailability of cement did not permit repeating the tests.
However, regardless of which curing method was used, the
conditions were kept constant within each experimental
series, with the variable being the cement type. The first

Table 2. Concrete mix ratios for biosand filters using canadian cement
Material volume ratios
< 1/2”
aggregate
Filter F#1 Mix

40

Sand

Canadian
cement
(Type GU)

Water

Not available

Slump
(mm)

Air
content
(%)

# of
cylinders

Other observations

40

5.5

6

Relatively stiff, but workable

Filter F#2 Mix

2

2

1

1.06

100

4.3

3

High workability

Filter F#3 Mix

2

2

1

0.69

10

-

6

Very stiff

Filter F#4 Mix

2

2

1

0.66

10

1.6

3

Also used for F#5, F#6 and F#7
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Table 3. Compressive strength of cement
Cement
origin

Compressive strength
(MPa) for water-cement
ratio of 0.6 (Dry-cured)

Compressive strength
(MPa) for water-cement
ratio of 0.68 (ASTM cured)

Canada

42.4

31

Zambia

21

-

Uganda

22.5

-

Nepal

-

12.7

Table 4. Compressive strength of concrete mixes
containing different cements
Cement origin

CANADA

NEPAL

ZAMBIA

UGANDA

Water content

9.1%

7.6%

8.1%

8.1%

Slump (mm)

5

5

0

0

77

32.5

38.9

39.0

28 days
Compressive
strength (MPa)

set of test results for the dry-cured specimens made with
a water-cement ratio of 0.6 is presented in Table 3.
The compressive strength of Zambian and Ugandan
cement mortars are 50% and 53%, respectively of the
strength value of Canadian cement. It should be noted
that ASTM C 150-91 specifies that cement with 7-day
stress level of 19.3MPa is of satisfactory quality. Given that
the test specimens had a higher water-cement ratio and
experienced delayed curing but still exceed the 19.3MPa
threshold, the quality of the cement from Zambia and
Uganda seems acceptable.
The compressive strength test results for the cubes
cured as per the ASTM standard are also included in the
table. The cement from Nepal yielded only 41% of the
Canadian mortar’s compressive strength. As expected,
the Canadian mortars described in the table yielded a
lower compressive strength than the dry-cured Canadian
mortars in part due to having higher water content than the
latter. The Canadian mortar with a higher water-cement
ratio was only 73% of the strength recorded with lower
water-cement ratio. If the same correlation was applied
to the cement from Nepal, the predicted strength with
lower water-cement ratio will only be about 17.5 MPa,
which would be lower than all the other cements tested
in similar conditions.

The average compressive strength of concrete made using
the Canadian cement was 77.1MPa. It should be noted that
the Portland Cement Association defines a compressive
strength of 28MPa or higher to be appropriate for heavy
construction buildings, such as high rises or long spanning
bridges (Portland Cement Association, 2013). Hence the
strength obtained using the Canadian cement seemed to
be more than adequate. However, it should be noted that
low values of slump were recorded for this mix. Addition
of water would result in increase in water-cement ratio
and hence a reduction in the compressive strength. This
aspect needs to be studied further.

Comparison of CAWST mix design with varied
mix designs
The CAWST-recommended concrete mix design was
compared with 4 different mix designs. The only
materials used for the mixes were aggregates, sand, water
and cement; the cement was kept constant as Canadian
type GU. Slump tests were conducted as per ASTM C143
and concrete cylinder compressive strength tests were
conducted at a 28-day age as per ASTM C39. The test
results are summarized in Table 5, along with the water
content of each mix.

Effect of cement quality on concrete
compressive strength
The CAWST-recommended concrete mix was kept
constant between cylinders that were constructed with
cements from Nepal, Zambia, Uganda, and Canada.
Table 4 summarizes the compressive strength results.
Six cylinders were constructed with the CAWSTrecommended mix design and tested per ASTM C39.

Table 5. Comparison of CAWST concrete mix and varied
concrete mixes
Concrete Mix

F#1

F#2

F#3

F#4

CAWST

Water Content

n/a

17.5%

12.1%

11.7%

9.1%

Slump (mm)
28 days
Compressive
strength (MPa)

40

100

10

10

5

41.5

49.5

64

73

77
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Mixes F#2, F#3 and F#4 were used to build a total of
three filters. The aggregate, sand and cement ratios were
kept consistent, although the gradation was different
from that of the CAWST mix design recommendation.
<½” aggregate was used, and the sand gradation was
not as fine as <1.0 mm. The water content was gradually
lowered in each of the three mixes. This resulted in a
decrease in slump and workability, and an increase in
compressive strength. It should be noted that the lowest
compressive strength is 41.5 MPa. This, according to
the Portland Cement Association, is still high-strength
concrete. The workability of the higher-strength concretes
was poor. Increasing the water content from the current
recommendation of 10-14% to 20% would still yield a
high-strength concrete.

filters, an ultrasonic pulse velocity tester was used. The
two filters tested were F#1 and F#4. An ultrasonic pulse
test was performed on each side of the filters, at different
heights of the walls of the filter. Using this test the velocity
of an ultrasonic pulse travelling through the thickness of
concrete is measured in km/s. A higher velocity typically
indicates denser and void free concrete. The test showed
a range of velocities between 1.1km/s and 3.1km/s. The
readings were relatively consistent at each level of the
filters between the four sides. Velocities increased with
increased distance from the top of the filter, suggesting
denser and uniform concrete towards the bottom of the
filters. These findings are promising and further study is
needed to apply this technique on-site to detect voids or
leaks in biosand filters.

The CAWST – recommended mix design with Canadian
cement was reduced by 58% when the same mix design
was made with cement from Nepal. The compressive
strength of the Canadian mix design was reduced by 49%
when Zambian and Ugandan cements were used. The
water content of the cylinders using cements from Nepal,
Zambia, or Uganda is either the same as, or lower than,
that of the Canadian cement mix.

6.0 CONCLUDING REMARKS AND
RECOMMENDATIONS

It is important to keep in mind that as low as 42% of
the compressive strength of the CAWST concrete mix
recommendation with Canadian cement could be
achieved when the cement substitute is of poor quality.
These results are consistent with the results of the cement
mortars, which showed that the cement samples from
Uganda, Zambia, and Nepal yield lower compressive
strengths when compared to Canadian cement. The
current CAWST mix design is therefore likely to be safe
even in the event that the cement quality is poor. There
is room for variation of the mix in terms of the aggregate
gradation, as long as it is kept relatively similar to that of
CAWST; however, the water content should be kept at 1014% as per the current CAWST recommendation (Center
for Affordable Water and Sanitation Technology, 2012).

Non-destructive testing
To study the feasibility of using a nondestructive technique
to evaluate the quality of concrete in finished biosand
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The compressive strength of cements from Zambia,
Uganda, and Nepal were significantly lower than that
of type GU cement from Canada. The 28-day strength of
concrete made using the Canadian cement was 77MPa
which falls in the category of high strength concrete.
Comparative mixes produced using cement from Nepal,
Uganda and Zambia had about half the strength of the
CAWST mix produced using Canadian cement. The poor
cement quality resulted in reduction of up to 58% in the
compressive strength of concrete cylinders. The lowest
strength of 32.5 MPa was that of the concrete produced
using cement from Nepal. The workability of the concrete
made using CAWST recommended mixes with different
cements was very low. Any increase in water content to
increase the workability will reduce the concrete strength
and could be an issue for some of the mixes. During
construction of biosand filters, the CAWST mix had low
workability. Mix F#2 with 17.5% water content had a 100
mm slump value and resulted in a compressive strength
of 49.5 MPa. Although better consolidation could likely
be obtained by increasing the water content in the mix,
the CAWST guideline of 10-14% water content should be
followed, in order to account for significant reductions in
compressive strength due to poor cement quality. Most
of the mixes investigated resulted in well consolidated
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concrete in the biosand filters and is expected to allow
proper functioning of the biosand filters.
Future studies should include testing the quality of cement
from other developing countries. Concrete mixes with
higher workability needs to be developed to ensure good
placement in the biosand filter molds. Use of ultrasonic
pulse tester to determine the quality of concrete as placed
in biosand filters can be instrumental for quality assurance
on site. A low cost alternative to checking the quality of
concrete in rural and developing countries needs to be
developed.
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