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a  b  s  t  r  a  c  t

In  Tanzania,  construction  and  demolition  (C&D)  waste  is  not  recycled  and  knowledge  on how  it can
be  recycled  especially  into  valuable  products  like  building  materials  are  still  limited.  This study  aimed
at  investigating  the  possibility  of recycling  the  C&D waste  (mainly  cementitious  rubble)  into  building
material  in  Tanzania.  The  building  materials  produced  from  C&D  waste  was  concrete  blocks.  The  con-
crete blocks  were  required  to have  a load  bearing  capacity  that  meets  the  building  material  standards
and  specifications.  Eight  C&D waste  samples  were  collected  from  C&D  building  sites,  transported  to the
recycling  site,  crushed,  and  screened  (sieved)  to get  the  required  recycled  aggregates.  Natural  aggregates
were also  used  as control.  The  recycled  aggregates  were  tested  in  the  laboratory  following  the  standard
methods  as specified  in  Tanzanian  standards.  The  physical,  mechanical  and  chemical  characteristics  were
determined.  The  physical  and  mechanical  results  showed  that  recycled  aggregates  were  weaker  than  nat-
ural  aggregates.  However,  chemically  they  were  close  to  natural  aggregates  and  therefore  suitable  for
use in  new  concrete  block  production.  In the  production  process,  each  experiment  utilized  100%  recycled
aggregates  for both  fine  and  coarse  portions  to replace  natural  aggregates.  The  Fuller’s  maximum  density
theory  was  used  to determine  the  mix  proportions  of  materials  in  which  a method  that  specifies  con-
crete mix  by  system  of  proportion  or ratio  was  used.  The  concrete  blocks  production  processes  included
batching,  mixing  (that  was  done  manually  to  get  homogeneous  material),  compacting  and  moulding  by
hand machine  and  curing  in water.  After  28  days  of  curing,  the  concrete  blocks  were  tested  in  the  labo-
ratory  on  compressive  strength,  water  absorption  ratio  and  density.  The  results  showed  that  the blocks
produced  with 100%  recycled  aggregates  were  weaker  than  those  with  natural  aggregates.  However,  the
results  also  showed  that  there  is  a possibility  of  recycling  the  C&D  waste  into building  material  because
85%  of  the  tested  concrete  block  specimens  from  recycled  aggregates  achieved  a compressive  strength
of 7 N/mm2,  which  is  defined  as  the  minimum  required  load  bearing  capacity  in Tanzania.  Therefore,  the
C&D waste  could  be a potential  resource  for building  material  production  for  sustainable  construction  in
Tanzania  rather  than  discarding  it. Further  work  should  focus  on  the  economic  feasibility  of  production
of  concrete  blocks  with  recycled  aggregates  in  Tanzania.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Shelter is one of the basic needs of human beings. Throughout
the ages, people have exploited natural resources to produce
building materials to construct shelter. Even nowadays, almost
all locally available building materials are derived from natural
resources (Lowton, 1997). This practice continues today despite
the many challenges facing current and future generations regard-
ing the availability of building materials. The share of locally
available materials used to produce building materials in Tanzania
is 47% (NCC, 1992); the rest is imported, which puts significant
strain on the country’s economic situation. Importation of building
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Netherlands. Tel.: +31 402473380/0684526922; fax: +31 402475887.

E-mail addresses: m.m.sabai@tue.nl, mmsabai@yahoo.com (M.M. Sabai).

materials is encouraged by the Tanzanian Government, given the
fact that there is a deficit of materials like cement. While building
materials are already limited in many countries, their demand
increases daily. In Tanzania, for example, the aggregate demand
is approximated to be 2 tonnes per capita annually (Sabai et al.,
2011b). The situation in other countries is 11 tonnes/ca in New
Zealand, 5 tonnes/ca in the UK and 8 tonnes/ca in the US (Kirby
and Gaimster, 2008). The average global aggregate demand is
3.8 tonnes/ca yearly (WBCSD, 2009). The relatively low demand in
Tanzania compared to other countries may  be attributed to the fact
that about 80% of the population live in rural areas (URT, 2003),
whereas studies show that aggregates are consumed mostly in
urban rather than in rural areas (Kimambo, 1988).

It is estimated that the current population of Tanzania (approx-
imately 43 million) will triple by the year 2050. Moreover, 75% of
the population will by then live in urban areas (PRB, 2010). This
condition suggests that the dramatic growth of population will put
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pressure on the provision of shelter and the availability of build-
ing materials like the predominantly used concrete blocks in the
future. It is estimated that concrete blocks constitute 70% of the
total building materials produced in Dar es Salaam city, Tanzania.

In addition, the construction industry is a wasteful sector: it
is responsible for generating construction and demolition (C&D)
waste of approximately 40–50% of the total amount of waste (Dolan
et al., 1999; Macozoma, 2002; McDonald, 1996; Oikonomou, 2005).
Besides the waste from normal C&D activities, other causes like
war, bombing, and structural failures as well as natural disasters
like, earthquakes (e.g., in Italy (2009), Haiti (2010), Chile (2010),
New Zealand (2011) and Japan (2011)), avalanches, and tornadoes
also contribute to the massive generation of C&D waste nowadays.
Tanzania is also vulnerable to these natural (e.g., the earthquake in
June, 2011) and man-made disasters like, the bomb blasts which
occurred recently at Mbagala (2009) and Gongolamboto (2011) in
Dar es Salaam, which left hundreds of houses demolished. Apart
from the human distress, a challenging question remains regarding
how to deal with this issue of a massive amount of waste.

According to Conceiç ão Leite et al.’s (2011),  one third of C&D
waste generated in Sao Paul city, Brazil is land-filled and the rest is
illegally disposed. The US recycles up to 70% while The Netherlands
and Germany recycle up to 90% of C&D waste generated (Conceiç ão
Leite et al., 2011). Rao et al. (2007) reported that 30% of recycled
C&D waste in Taiwan is used for road construction as road base and
the rest is land-filled. In most of the developing countries like Tan-
zania, the management of C&D waste remains a challenge because
it is classified as solid waste and it is land-filled instead of being
reused and/or recycled (URT, 2003, 2004). Dumping C&D waste puts
pressure on acquisition of the land and its management in future.
All in all, the use of C&D waste for building material production
can be a good solution not only for waste management but also for
providing an alternative source for building materials.

Various studies have already been carried out to find out how
the C&D waste can be reused for building material production.
Mueller et al. (2008) reported that the reuse/recycle of C&D waste
depends on quality of constituents and the products. Bianchini et al.
(2005) studied how best to reuse the recycled aggregates for con-
crete production. These researchers also found out that grain size
fraction ranges between 0.125 and 0.600 mm of recycled aggre-
gates can be directly re-utilized as first order material. Limbachiya
et al. (2007) and Oikonomou (2005) reported that by using 30% of
recycled coarse aggregates to replace natural aggregates in con-
crete products, these products can comply with the specifications.
Husken (2010) used up to 20% fine recycled aggregates to replace
natural aggregates for paving block production and produced the
paving blocks that fulfil the requirements given by EN 1338 on
mechanical resistance and durability. Poon et al. (2002) replaced
fine and coarse natural aggregates by recycled aggregates at lev-
els varying between 25 and 100% and they found that up to 50%
replacement had only little effect on the compressive strength of
bricks and blocks, but above this value the compressive strength
becomes unacceptable. Poon and Lam (2008) reported that they
successfully used recycled materials to produce eco-friendly con-
crete blocks with good quality by using 100% recycled materials
as aggregates: 50% recycled crushed glass (RCG) and 50% recycled
crushed aggregate (RCA) together with an aggregates/cement (A/C)
ratio of 4 or below. Debieb and Kenai (2008) investigated the pos-
sibility to reuse coarse and fine crushed bricks as aggregate in
concrete production, and found that the level of substitution should
be limited to 25% and 50% for coarse and fine crushed brick aggre-
gates respectively. The study Poon et al. (2009) showed that the
low grade recycled fine aggregates can replace natural aggregates
by 50% to make non-structural pre-cast concrete blocks. These stud-
ies show that much effort has been made to recycle the C&D waste
into building material particularly concrete products in different

places especially in developed countries. However, in developing
countries, such as Tanzania, the C&D waste is still regarded as waste
to be dumped into dumping sites or thrown elsewhere, despite its
recycling potential (EU Commission, 2000; Hansen, 1992; Masood
et al., 2002). Knowledge on recycling cementitious rubble into
building materials is still limited in developing countries like Tan-
zania that have limited funds and technology. This study aimed
at investigating the possibility of recycling the C&D waste (mainly
cementitious rubble) into concrete blocks as a material for build-
ing construction in Tanzania instead of throwing it away or using
it for lower applications like infilling potholes or foundation back-
filling. The rubble from construction and demolition buildings will
be collected and processed to get fine and coarse aggregates which
will be used in the production of concrete blocks. These concrete
blocks from recycled aggregates were required to have a load bear-
ing capacity that meet the (local) building material standards and
specifications.

The remaining sections of the paper are divided as follows: Sec-
tion 2 presents the state-of-the-art of concrete block production
from recycled aggregates in Tanzania. Section 3 describes materials
and methods with the results presented in Section 4. The discussion
of results is presented in Section 5 with conclusions in Section 6.

2. State-of-the-art of concrete block production from
recycled aggregates in Tanzania

2.1. Requirements for concrete block production from recycled
aggregates in Tanzania

The study was  carried out in Dar es Salaam region (which com-
prises three municipalities, namely: Temeke, Ilala, and Kinondoni)
because about 44% of construction activities are conducted in Dar
es Salaam out of 29 regions in Tanzania (Sabai et al., 2011b). The
search for requirements of concrete blocks with load bearing capac-
ity as per Tanzania was  first conducted. This search was  carried
out in order to establish the minimum material requirements that
have to be met  while using recycled aggregates for concrete block
production with a load bearing capacity. For this purpose, the rele-
vant stakeholders were identified and consulted. These included
concrete block manufacturers, contractors and consultants, the
Tanzania Bureau of Standards (TBS), research institutions – Uni-
versity of Dar es Salaam (UDSM), Ardhi University (ARU), National
Housing and Building Research Agency (NHBRA), as well as National
Construction Council (NCC), informal sectors, and clients who were
represented by the National Housing Cooperation (NHC).

The Tanzanian standard for concrete blocks (TZS 283, 2002 (E))
was purchased from TBS. Structured and non-structured question-
naires were sent to 58 different building contractors, consultants,
and concrete blocks manufacturers/producers out of 544 who were
identified as carrying out the construction activities in Dar es
Salaam city. The approximately 10% interviewed gave the represen-
tative information about how construction activities are carried out
in Dar es Salaam, Tanzania. It was learnt that the materials currently
used in Tanzania for concrete blocks are extracted from natural (vir-
gin) sources and the use of recycled building materials from C&D
waste is relatively new. Moreover, there is no standard for recycled
building material products. Thus, for the newly recycled concrete
blocks to be accepted in the Tanzanian construction industry, they
should meet the available standards which are commonly applied
to the virgin materials. Information from surveyed stakeholders
were used for planning the tests that were used subsequently
applied to determine whether the building materials obtained from
recycling C&D waste in Tanzania were of comparable quality to
those produced from virgin materials as specified in the building
material standards.
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Table  1
Survey results for concrete block production and testing in Tanzania.

Item Unit Value Standard (TZS 283, 2002 (E)) Load bearing capacitya

Source of materials (i.e. aggregates) Natural resources
Concrete block mixing ratio Cement:aggregates ratio (by volume) 1:7 up to 1:14
Compressive strength N/mm2 11.6 down to 2.1 ≥3.5 ≥7.0
Testing method Laboratory testing % 20

Local techniquesb % 80

a Source: Survey respondents as well as Poon et al. (2002), Neville (1995), and Jackson and Dhir (1988).
b Local techniques used on site such that lifting up and dropping down, scratching and cutting using fingers and an axe respectively.

2.2. Building material production and testing on site in Tanzania

Investigation was carried out to determine the existing mix
ratios applied in Tanzania. It was found that the mixing ratios
for concrete block production differ from one producer to another
depending on various individual factors such as demand of clients,
planned selling price, and decision of the producer. It was dis-
covered that one cement bag can produce 26–60 concrete blocks
depending on the mix  ratio and targeted customers. Interviewees
noted that the mix  ratio is confidential information as far as trade is
concerned. The mix  ratio is established at the building site, depend-
ing on experience, just by counting the number of shovel/spade,
basins (karai), buckets, or wheel barrows full of the required mate-
rial. The cement–aggregate mixing ratios applied, according to field
survey, are estimated to range from 1:7 (1/7) to 1:14 (1/14) by
volume. After deciding on the mix  ratio, the conventional con-
crete block production processes such as mixing, compaction, and
moulding, is applied. Subsequently, blocks are cured by sprinkling
with water for 3–7 days. In the days after the blocks are cured by air.

Next, quality assurance testing is performed. The survey showed
that out of 58 respondents, only about 20% of the building contrac-
tors test the quality of their material products in the laboratory.
The main reasons why a laboratory is not used for testing were
lack of equipments and limited funds. This implies also that there
is lack of enforcement of regulations and technical personnel. The
main concrete block parameters tested are compressive strength
and density. However, most of them do not test in the laboratory.
About 80% of them use simple tests on site. The first method report-
edly used is lifting up and dropping the concrete block down to
the ground. The expected outcome of this experiment is that the
block will break into two pieces only if it is strong. But if it dis-
integrates into more pieces, it is disqualified. The second test is
done by scratching the surface of the block using one’s fingers;
if it erodes easily, it is disqualified. The third test is cutting the
block using an axe; if it breaks easily, it is disqualified. These meth-
ods are not reliable because they depend on factors that cannot be
controlled. Laboratory testing and analysis are required for quality
control to ensure the quality of the concrete products especially
those produced using recycled C&D waste.

Those contractors who do test the quality of their products do so
at the Laboratory of the Tanzania Bureau of Standards (TBS) and/or
at the University of Dar es Salaam Building Materials’ laboratory.
The survey findings (see Table 1) showed that the compressive
strength produced ranges from 2.1 to 11.6 N/mm2 (MPa). Accord-
ing to Tanzanian standards (TZS 283, 2002 (E)), the recommended
compressive strength ranges from 3.5 to 21 N/mm2 through it does
not specify the type of building that the products may  be used for.
Even though not categorized based on load bearing and non-load
bearing compressive strength, the contractors and consultants
who were interviewed indicated that they categorize concrete
blocks with load bearing block as the ones which have a minimum
compressive strength of 7 N/mm2. This value is also reported by
Poon et al. (2002),  Neville (1995),  and Jackson and Dhir (1988).
Concrete blocks with compressive strength below 7 N/mm2 are
mostly used as a structural material for single-storey low-cost

houses in Tanzania. However, Neville (1995) recommended that
the concrete blocks with compressive strength less than 7 N/mm2

can be used for non-structural purposes. In this study, the concrete
blocks with load bearing capacity are defined as those concrete
blocks that achieved the minimum compressive strength of
7 N/mm2. Recycled aggregates from C&D waste aimed to be used
to replace natural aggregates to produce the concrete blocks that
meets the required standards and specifications as specified in
Tanzanian standards, i.e., TZS 283, 2002 (E).  Furthermore, all the
recycled concrete block specimens in this study were tested in the
laboratory to determine their quality.

3. Materials and methods

3.1. Materials

3.1.1. Materials and sampling
The aggregates used in this study for the production of concrete

blocks were derived from C&D waste from building construction
and demolition sites in Dar es Salaam, Tanzania. Stratified random
sampling (Kothari, 2004) was used to select C&D waste sources
in Dar es Salaam city. Dar es Salaam city is made up of three
municipalities, namely Temeke, Kinondoni, and Ilala. In order to
get representative data, the C&D waste materials for concrete block
production were sampled from all three municipalities. The three
municipalities share most of the main building material sources like
quarries for aggregates. Therefore, the quality of recovered waste
might not be affected by spatial distribution of the sources of natu-
ral materials. However, it was  assumed that the demolition waste
might be weaker than the construction waste due to the fact that
demolition waste existed longer and its quality may  be degraded.
Therefore, demolition waste deserved more attention. For this rea-
son, more samples were collected from demolition waste than from
construction waste. These samples consisted of 60% demolition
waste, 20% construction waste, and 20% natural sources as control.
Both demolition and construction waste samples were obtained
from single- and multi-storey buildings in equal amounts in order
to have a good representation of C&D waste that is generated in Tan-
zania. In this paper, the abbreviations used for the different types
of waste are as follows: DM1, DM2, and DM3  standing for demol-
ished multi-storey buildings; DS1, DS2, and DS3 for single-storey
demolished buildings; while CM and CS stand for multi-storey and
single-storey construction buildings, respectively. Each C&D waste
sample produced both fine and coarse aggregates that were used
for concrete block production with the respective sample in this
study. In addition, NCA and NFA stand for natural coarse aggregate
(gravel) and natural fine aggregates (sand) from natural (virgin)
resource respectively. The natural aggregates were used for control
purpose. Other materials used include cement and water.

3.1.2. Composition of C&D waste in Tanzania
The composition of C&D waste used to produce the recycled

aggregates in Tanzania was  obtained by first mixing the C&D waste
from both single and multi-storey buildings. Waste from both sin-
gle and multi-storey buildings were used because, in Tanzania, the



Author's personal copy

12 M.M. Sabai et al. / Resources, Conservation and Recycling 72 (2013) 9– 19

Fig. 1. Aggregates preparation: (a) rubble crushing, (b) quartering reduction technique, (c) sample divider (laboratory scale) technique used.

building materials used in construction for these buildings differ
in terms of their quality. For example, most of multi-storey build-
ings are framed structures while, single-storey buildings are wall
structures. Subsequently, the heap of C&D waste was  reduced by
quartering (see Fig. 1b) from approximately 1000 kg to 250 kg and
then sorted. After sorting, the mass of concrete and cementitious
rubble was weighed using Golden Mark (100 ± 0.5 kg). Similarly,
glass, wool, wood, and metal present were measured using digital
balance SMS. The composition results are presented in Table 2. As
seen from the table, the recycled C&D waste used was mainly (i.e.,
99.88%) cementitious rubble.

3.2. Material processing and volume reduction for laboratory
analysis

The C&D waste was crushed to produce both fine and coarse
aggregates for concrete block production. The heaps of rubble were
manually crushed using hammers (Fig. 1a) to get the recycled
aggregates. Unwanted waste portions like metals, wood, plastics,
gypsum, and papers were removed manually during the crushing
and screening process. In the next step, 50 kg of aggregates were
sampled from each recycled aggregates sample (heap). In order to
collect a representative sample, the quartering method was  applied
as recommended in the standard methods (TZS 58 (Part 1), 1980)
and as shown in Fig. 1b and c. Next, the reduced sample (50 kg) was
sent to the University of Dar es Salaam (Building Material Labora-
tory) for testing. In the laboratory, the 50 kg sample was further
reduced by a sample divider (Fig. 1c) to the required amount of
materials for a particular test.

3.3. Aggregate characteristics

3.3.1. Physical and mechanical analysis
Recycled aggregates and aggregates from natural resources may

differ in terms of quality which may  have an impact on the qual-
ity of the product (Mueller et al., 2008). In order to understand
the quality of the recycled aggregates generated in Tanzania, the
physical, chemical–mineralogical, and mechanical properties of the
samples were analyzed in the laboratory. The physical and mechan-
ical parameters tested included grading (particle size distribution),

Table 2
Composition of C&D waste in Tanzania.

Material type %

Concrete 39.48
Other cementitious rubble: cement–sand matrix apart of concrete 60.40
Glass 0.03
Wool 0.04
Wood 0.01
Metal 0.01
Others: i.e., paper, plastic, gypsum 0.03

Total 100.00

crushing strength value, 10% fines values, density, water absorp-
tion ratio, organic impurities, and pH. All these tests were carried
out according to standards methods (TZS 58 (Parts 1–3), 1980). Two
replicate tests were carried out for each test and averaged to obtain
the results herein presented.

3.3.2. Chemical analysis
In this study, all eight recycled and two natural aggregate

samples were chemically analyzed. The chemical–mineralogical
composition of the C&D waste samples was determined by using X-
ray diffraction (XRD), X-ray fluorescence (XRF) spectroscopy, and
scanning electron microscope (SEM) techniques. All samples were
prepared into powder form. The analysis instruments used were
an automated X-ray fluorescence analyzer (ARL 9400), Rigaku and
high resolution SEM JEOL 7500 FA. The results of this analysis are
presented in Section 4.1.2.

3.4. Characterizing cement and water

In this study, Portland–composite cement (Cem II/A-L/32.5R)
from Tanzania Portland Cement Company (TPCC) was used. The
chemical–mineralogical characteristics of the cement were deter-
mined using analytical techniques such as XRF, XRD, and SEM.
The density of the cement was  also determined. The Pycnometer
method using Micromeritics AccuPyc II 1340 was used for den-
sity measurement whereby 12 measurements were carried out,
and particle size distribution was  also measured with a Mastersizer
2000 instrument according to ISO 13320-1, 1999. Also, the quality
of water used for the mixing and curing processes was tested in the
laboratory to determine the level of impurities which may  impair
the strength or durability of the concrete blocks (TZS 283, 2002
(E)).

3.5. The concrete block production processes

The concrete block production process starts when materials are
acquired and continues until the concrete block has been produced,
tested, and found fit for building construction. This section outlines
the procedures that were followed in this study to produce the
concrete blocks from recycled aggregates as illustrated in Fig. 2 and
in the detailed descriptions that follow.

From Fig. 2, the terms used were defined as follows:

i. Resource input: the resource input includes materials such as
concrete and masonry rubble, natural aggregates, water, and
cement. Other inputs were labour, energy, and information.
Energy inputs are negligible, since most processes were carried
out manually. Information includes guidelines for the concrete
block production process (e.g., the required curing time), con-
crete block specifications, and standards. In this study, the focus
was  on concrete blocks with a load bearing capacity produced
from recycled C&D waste after 28 days of curing. The required
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Fig. 2. Concrete block production from recycled aggregates flow-chart.

load bearing capacity in Tanzania for concrete blocks is set at a
minimum strength of 7 N/mm2 (Jackson and Dhir, 1988; Neville,
1995; Sabai et al., 2011b; TZS 283, 2002 (E)).

ii. Determination of mix  proportions (parameters): the method for
determining the mix  parameters used in this study is the same
as that normally used in UK according to Teychenne et al. (1997)
which specifies concrete by system of ratios. Normally, this
method applies Fuller’s maximum density method. According
to Raju (2002),  Fuller advocates the maximum density theory
which states that the greater the amount of solid particles that
can be packed in a given volume of concrete, the higher the
strength. Fuller’s ideal grading curve for maximum compaction
is based on Eq. (1) (Husken, 2010; Raju, 2002). The dense pack-
ing is facilitated by the fact that holes of the large particles are
filled with small particles whose voids in turn are filled with
smaller ones and so on to the smallest diameter (Brouwers,
2006). According to Husken (2010) and Schoner and Mwita
(1987), Fuller’s method is the one which is adopted in most
of the design codes for normal concrete strength. Since the
focus of this paper is to explore whether the recycled aggregates
can produce building materials following Tanzanian practices,
the mix  ratio method was applied. According to Schoner et al.
(1987), the mix  ratio for concrete blocks production in Tanzania
is specified as 1:9 being the proportion of cement to aggregates
by volume. Then by applying an analytical method of combin-
ing aggregates (Raju, 2002; Schoner and Mwita, 1987), the fine
and coarse aggregates fractions were estimated. Out of nine
parts of aggregates, the fine:coarse aggregates ratio obtained
was 5:4. This shows that the cement–aggregates ratio used was
1:5:4 (cement:fine (sand):gravel parts in volume). This ratio
is equivalent to 1:4:3.3 parts in weight, respectively. The fine
aggregates used were those that passed through 5 mm sieve
size and coarse aggregates ranging from 5 mm to 12 mm (GTZ,
1991; Jackson and Dhir, 1988). The water/cement ratio used
ranged from 0.58 to 0.75 (by weight) that was obtained through
trial mixes. These values were higher compared to Tanzanian
practices which range from 0.23 to 0.30 (by weight) as reported
by Building Material Engineers from UDSM building material

laboratory. The difference from the one normally applied in Tan-
zania may  be caused by the nature of the material used (i.e.,
recycled aggregates, which are more porous than the natural
aggregates)

p = 100
(

d

D

)1/2

(1)

where p = percentage of material smaller than “d (mm)”;
D = maximum particle density (mm).

iii. Concrete block fabrication: after determining mix  proportions
and the compaction method as well as having the equipment,
the conventional production processes of concrete blocks were
adopted. These processes include batching, mixing, compact-
ing, moulding, and curing. Fresh concrete with slump less than
10 mm was  prepared manually until a homogenous mixture
was obtained as shown in Fig. 3 in order to get stiff concrete.
The manual compaction machine was  used. The method is
cheap, easy to apply, and the one commonly used by concrete
block producers in Tanzania. Of course, the method is not as

Fig. 3. Mixed materials, compaction technique and moulding machined used for
concrete block production.
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good as the mechanical compaction method. However, it was
assumed that if the load bearing concrete blocks is produced by
using manual method and satisfies minimum requirements, it
is possible to produce concrete blocks on a large scale by using
mechanical and other sophisticated equipment with the same
or higher quality in future. During the compaction process, the
mixed materials were first compacted using a wooden handle
and subsequently, by a steel machine cover. After moulding, the
concrete blocks were covered with a plastic sheet for 24 h to pre-
vent rapid hardening. After 24 h, the concrete blocks were cured
in water (immersed) for 26 days. Then they were taken out of
the water for surface drying for 1 day before laboratory testing.

3.6. Testing of concrete

3.6.1. Testing of fresh concrete
Slump test was used to analyze characteristics of fresh concrete

of recycled aggregates. The slump test was carried out following
standard method described in TZS 62 (Part 2), 1980.

3.6.2. Testing of hardened concrete block specimens
After the 28 days of curing, the concrete block specimens were

taken to the laboratory at the University of Dar es Salaam for test-
ing. The density, water absorption ratio, and compressive strength
were tested. The analysis was carried out according to the standard
methods which are specified in the NEN-EN 772-1, 2000, TZS 283,
2002 (E) and TZS 58 (Part 3), 1980. The following is a summary of
how the analysis was carried out.

(1) Compressive strength test: The concrete block specimen was
placed and centred on the plate of a compression testing
machine. The compaction machine (MFL Systeme-PRUF UND
MESS) with a maximum of 3000 kN was used. The gross area of
the loaded surface was  length-width, i.e., 450 × 230 (mm)  bed
face according to NEN-EN 772-1, 2000 and TZS 283, 2002 (E).
Two soft sheets of plywood were placed under and above the
specimen to reduce friction. Poon et al. (2009) also applied the
same technique on compressive strength testing. To calculate
the compressive strength, Eq. (2) was used. The compressive
strength result reported is an average over five specimens.

fc = 1
n

n∑
1

F

(l × w)
(2)

where fc =compressive strength, N/mm2; F = failure load in N;
l × w = area of base-face, mm2; l = length and w = width of the
block.

Mean strength and standard deviation for the 45 concrete
block specimens were analyzed as well.

(2) Density: concrete block specimens were weighed by SOEHNLE-
Wagebereich 0.5 bis 55 kg and the dimensions were measured
by vernier calliper with 50 cm and 100 divisions. The density
was calculated using Eq. (3).  For each sample type, the average
of the five specimens was calculated:

�b = M

l × w × h
(3)

where �b = density of the block, kg/m3; M = mass of the block,
kg; l × w × h = volume of the block, m3; l = length, w = width and
h = height of the block, m.

(3) Water absorption ratio: the wire basket method was  used for
water absorption analysis for aggregates larger than 10 mm
size (TZS 58 (Part 3), 1980). Even though the standard method
described in TZS 58 (Part 3), 1980 was for aggregates, it can also
be used for other solid materials like concrete blocks. Since it
was not possible to measure the whole concrete block, the size

Fig. 4. Particle size distribution (grading) of recycled and natural aggregates in
Tanzania.

was  reduced by cutting the concrete blocks into small pieces
with each one having almost one-eighth of the size of a concrete
block. Two specimens were tested for each concrete block sam-
ple. The water absorption ratio was  calculated by using Eq. (4)
and the average result of the two  specimens were calculated.

Wab = A − D

D
× 100 (%) (4)

where Wab = water absorption, %; A = weight of the surface dry sat-
urated concrete blocks, kg; and D = weight of oven dry concrete
blocks, kg.

4. Results

4.1. Characteristics of recycled aggregates in Tanzania

4.1.1. Physical and mechanical characteristics of recycled
aggregates

The results of the physical and mechanical characteristics for
both recycled and natural aggregates are presented in Table 3,
Figs. 4 and 5.

In Fig. 4, the results show that the grading curves of DS1, DS2,
CS and DM2  were above the ideal curve which implies that more
cement and/or compaction is needed in order to achieve the max-
imum density, which will result in greater strength of concrete
product. The loads applied for 10% fines value (TFV) were varied
as 400 kN, 100 kN, and 50 kN in order to use the graphical approach
to estimate the TFV. The results of TFV are shown in Fig. 5. The
results from Fig. 5 show that the load required to produce 10% fines
were out of range for all recycled aggregates except for construc-
tion waste delivered from multi-storey buildings (CM) and natural

Fig. 5. Ten percent fines value (TFV) results.
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Table  3
Physical and mechanical characteristics of recycled aggregates in Tanzania.

Sample Gross density (g/cm3) Water absorption (%) pH Aggregate crushing strength value (%) Organic impurities

Fine Coarse

DS1 2.5 2.2 10.3 9.7 58.5 Present
DS2  2.4 2.2 13.0 8.8 71.5 Present
DS3 2.5 2.2 8.1 11.0 47.9 Present
DM1 2.5 2.1 5.6 11.1 38.2 Present
DM2 2.4 2.2 10.7 8.8 57.8 Present
DM3  2.5 2.2 7.6 9.4 49.1 Present
CS  2.5 2.3 9.1 9.6 49.3 Present
CM  2.4 2.3 6.2 11.5 30.4 Minor
NCA na 2.4 1.8 8.8 28.6 na
NFA 2.5 na na 8.8 na Minor

“na” means not applicable because analysis requiring either fine or coarse aggregates

Fig. 6. X-ray diffractograms of the NFA, CS, DS1, DS2, DS3, NCA, CM, DM1, DM2  and DM3 aggregate samples; (�) SiO2, (�) CaCO3, (�) Ca(OH)2,  (�) C-A-S.
Adapted from Sabai et al. (2011a).

aggregates for which10% fines values were obtained when 130 kN
load was applied.

4.1.2. Chemical–mineralogical of recycled aggregates
According to X-ray diffraction analysis, the main identified

phases in all materials were SiO2, CaCO3, Ca(OH)2, and various cal-
cium aluminosilicates as shown in Fig. 6. In Fig. 6, the C&D waste
samples from single storey buildings were close to natural sand
(NFA) whereas the C&D waste samples from multiples from multi-
storey buildings were close to natural gravel (NCA).

Scanning electron microscopy (SEM) was also used to detect
the chemical elements present in the recycled aggregates. An EDX
detector coupled to a FEI Quanta 600 F E-SEM was  used. The chem-
ical elements found in all samples were C, O, Ca, Al and Si. The
XRF results are presented in Table 4. In Table 4, almost all C&D
waste samples were mainly composed of SiO2 like natural sand
(NFA). However, physical observation showed that the recycled
concrete rubble was composed of limestone-like (CaCO3) NCA as
coarse aggregates. These results suggest that the either origin rub-
ble was dominated with sand (fine aggregates) and/or less cement
was used in concrete mix.

4.2. Characteristics of cement and water used for concrete block
production

The density and particle size distribution (PSD) of the Portland-
composite cement (PCC) were analyzed according to standard

methods (ISO 13320)  as described in Section 3.4.  The results for
12 measurements were relatively close to each other and the aver-
age density was  3.01 g/ml. The PSD result is presented in Fig. 7.
Also, before commencing concrete blocks production, the water
was tested and the results are shown in Table 5. The results of the
chemical composition of cement (i.e., CEM II/A-L32.5R) in Tanzania
showed that it is mainly composed of C, O, Si, Al, Mg,  Fe, Na, S ele-
ments, and the chemical oxides presented in Table 6. The chemical
composition of cement used complied with the Tanzanian standard
(TZS 727 (Part 1), 2002) because the ratio of CaO/SiO2 by mass was
not less than 2.0 and content of MgO  was  less than 5.0%.

Fig. 7. PSD of Portland composite cement of TPCC, Tanzania.
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Table  4
XRF chemical composition of recycled C&D waste and natural aggregates used in Tanzania.

C&D waste samples Natural (virgin) sample

DS1 DS2 DS3 DM1  DM2  DM3  CM CS NCA NFA

Major elements (% weight)
SiO2 71.81 80.37 60.54 43.12 58.04 64.52 54.56 70.67 14.17 80.00
Al2O3 1.60 1.57 2.32 3.16 2.35 1.92 8.21 1.72 0.94 1.93
TiO2 0.25 0.35 0.26 0.25 0.24 0.30 0.62 0.32 0.06 0.35
Fe2O3 0.45 0.48 0.26 0.81 0.64 0.58 4.07 0.51 0.35 0.57
MnO 0.02  0.02 0.03 0.04 0.02 0.03 0.10 0.02 0.02 0.02
CaO  15.43 10.42 21.36 30.00 26.46 15.45 18.10 16.64 46.64 18.90
MgO  0.23 0.15 0.28 0.43 0.43 0.28 2.25 0.18 0.68 0.21
Na2O 0.17 0.15 0.31 0.48 0.19 0.31 1.63 0.10 0.09 0.12
K2O 0.26 0.27 0.45 0.65 0.71 0.27 0.82 0.17 0.11 0.19
P2O5 0.02 0.02 0.04 0.04 0.06 0.03 0.12 0.01 0.08 0.02

Trace  elements (ppm)
Cr 41.3 26.2 10.0 10.2 11.9 7.6 53.7 10.1 5.0 14.5
Ni  51.8 40.9 4.6 10.0 3. 6 7.5 15.8 2.3 5.8 <2.0
Sr  238.2 227.7 228.4 364.1 414.6 378.8 501.6 192.0 349.9 195.2
Ba  124.4 135.4 202.8 305.8 290.2 119.3 498.6 70.2 40.2 91.5
Zr  272.4 347.9 248.0 437.4 347.4 343.7 222.2 338.0 106.2 384. 8

“<” means less than detection limit.

Table 5
Characteristics of water used for concrete block production.

Parameter Unit Results TZ standardsa

pH 8.02 9.2
Conductivity �S/cm 404 nm
TDS  mg/l 2.2 nm
Salinity ppt 0.2 nm
Colour mgPt/l 0.2 50
Turbidity NTU 1.27 25
SO4 mg/l 14 800
NH3–N mg/l 0.16 2.0
PO4  mg/l 0.11 nm
Fe  mg/l 0.04 1.0
Chloride mg/l 194 600
P.  alkalinity mg/l 0 nm
Total alkalinity mg/l 124 nm
Calcium mg/l 76 100
Total hardness mg/l 157 600

nm,  not mentioned; TZ, Tanzania.
a Source: TZS 789 (2003).

4.3. Fresh concrete

The slump test results ranged from 5 mm to 10 mm.  According
to TZS 62 (Part 2), 1980, fresh concrete with slump less than 10 mm
has a stiffer consistency. Hence, the fresh concrete for concrete
block production was stiff as shown in Fig. 3 (mixed material).

4.4. Concrete block results

The concrete blocks were produced by using both fine and
coarse aggregates from the same sample of recycled aggregates
except for natural aggregates where sand and gravel were used
together as is normally done in Tanzania. After 28 days of con-
trolled conditions of curing, the concrete blocks were taken to the
laboratory for testing. The compressive strength, water absorption

Fig. 8. Concrete blocks produced from recycled aggregates in Tanzania.

ratio, and density were measured and the results are shown in
Fig. 8. The results showed that the compressive strength of recycled
aggregates ranged from 5.2 to 10.4 N/mm2 but was  14.2 N/mm2

for natural aggregates. Moreover, a mean compressive strength of
8.8 N/mm2 with a standard deviation of 2.1 N/mm2 was obtained
for concrete block specimens produced from recycled aggregates.
On the other hand, a mean compressive strength of 9.4 N/mm2 with
standard deviation of 2.6 N/mm2 was  obtained for concrete block
specimens produced from recycled aggregates and natural aggre-
gates. This corresponds to a minimum strength of 6.7 N/mm2 and
6.8 N/mm2 for those concrete blocks produced using only recycled
aggregates and those from a combination of recycled and natural
aggregates respectively. The results indicate that all samples have
a compressive strength higher than 3.5 N/mm2 according to TZS
283, 2002 (E) but, only 85% of the specimens achieved the 7 N/mm2

standards (for load bearing capacity in Tanzania).

Table 6
XRF chemical composition of cement.

Main elements (% weight) Trace elements (ppm)

SiO2 Al2O3 TiO2 Fe2O3 MnO  CaO MgO Na2O K2O P2O5 Cr Ni Sr Ba Zr

19.93 5.99 0.31 2.19 0.08 62.50 0.92 0.16 0.26 0.05 54.54 26.39 824.09 113.62 149.56
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5. Discussions

5.1. Aggregate quality

Results for aggregate characteristics as presented in Table 3,
Figs. 4 and 5 in Section 4.1 indicate that the recycled aggregates
were less dense than natural aggregates. In addition, the fine aggre-
gates were denser than coarse aggregates for both recycled and
natural aggregates. However, the grading results in Fig. 4 show
that curves for CM,  DM1, DM3, DS3, and natural aggregates (NCA)
comply with Fuller’s ideal curve; on other hand, the DS1, DS2, CS,
and DM2 grading curves did not. These results suggest that the use
of more fine aggregates and high compaction mechanism may  be
needed for the DS1, DS2, CS, and DM2  samples in order to produce
concrete blocks with high strength. The concept for using more fine
aggregates to fill voids of coarse aggregates in production of con-
crete with high strength is supported by particle packing concepts
in paving block production as reported by Husken (2010).

The results of aggregates crushing values (ACV) as presented
in Table 3 also show that aggregates crushing value (ACV) for
recycled aggregates ranged from 30.4% to 71.5% compared to natu-
ral aggregates ACV of 28.6%. According to TZS 58 (Part 2), 1980, the
maximum recommended crushing value for aggregates to be used
for concrete and wearing surfaces are 45% and 30%, respectively.
This indicates that no recycled aggregates qualify to be used for
wearing surfaces except natural aggregate with crushing strength
value of 28.6%. Only crushing strength values of DM1  (38.2%) and
CM (30.4%) met  the specification which is required for concrete for
all recycled aggregates. This indicates that about 75% of the recycled
aggregate samples failed to achieve the recommended standards
(TZS 58 (Part 2), 1980). Poon et al. (2002) reported that the recycled
aggregates crushing strength value in Hong Kong ranges from 21.6%
to 24.5%. This shows that recycled aggregates from Hong Kong are
stronger than those from Tanzania, and their recycling techniques
might vary depending on initial quality of the recovered waste to
be recycled. This condition suggests that it is impractical to directly
transfer outcomes from one country to other another especially
those where the levels of technology differ significantly (e.g., Hong
Kong and Tanzania).

In addition, the 10% fines values (TFV) were tested and the
results are presented in Fig. 5. The results show that the TFV for
CM and NCA are obtained by applying 130 kN. For the rest of the
recycled aggregates, the results showed that the TFV is out of range
even though, the graphs of percentage of materials passing through
the 2.36 mm sieve size versus load applied gave high value with cor-
relation coefficient (R2) which were greater than 93%. Unlike Poon
et al. (2009) and Poon et al. (2002) who indicated that the TFV of
recycled aggregates ranged from 72 to 145.1 kN, in this study, the
TFV obtained from recycled aggregates from construction waste,
and the rest of the recycled aggregates were out of range. The TFV
results indicate that the recycled aggregates from demolition (i.e.,
DSs & DMs) waste and construction waste from single-storey build-
ing (CS) in Tanzania are very weak. This condition may  be caused by
low cement content applied in the old concrete rubble or because
the rubble was dominated mostly by mortar (cement–sand) mate-
rials.

The water absorption ratio results (Table 3) ranged from 6.2 to
13% for the recycled aggregates while for natural aggregates it was
1.8%. The results suggest that the recycled aggregates were porous
about 7 times (700%) more porous than natural aggregates. Our
results are generally in agreement, even relatively higher, than pre-
vious studies conducted in Hong Kong where it was reported that
water absorption for recycled coarse aggregates ranged from 4.2
to 7.6% (Poon et al., 2002, 2009). This could be caused by the pres-
ence of the cement paste/mortar attached to the crushed recycled
aggregates.

The pH of both recycled and natural aggregates was above 7. This
reveals that all aggregates are basic in nature. However, the pH of
the recycled aggregates from construction waste (CM) had higher
pH value than the others. This could be attributed to their origins.
For example, the aggregates recovered from CM originated from
granite rock while the rest were limestone (calcium carbonate).
Since limestone is composed of carbonates its pH may  be lowered
when it gets in contact with water.

The results for organic impurities that are presented in Table 3
indicate that almost all recycled aggregates are polluted except the
recycled aggregates from construction waste (CM) and natural sand
(NFA). The CM sample was not organically polluted due to the fact
that the CM sample was mostly composed of residual concrete and
broken blocks while other recycled aggregates were sampled and
sorted from mixed debris. This indicates that re-utilization of C&D
waste as a material input for concrete blocks production will reduce
not only the shortage of building materials, but also the environ-
mental burdens. Consequently, C&D waste recycling will contribute
safeguarding people’s health while achieving sustainable construc-
tion in Tanzania.

Results in Table 4 of recycled aggregates (DSs, DMs, CM and CS)
are in firm agreement with results of recycled aggregates as pre-
sented by Limbachiya et al. (2007) for both in percentage (%) weight
(for main elements) and ppm (for trace elements) regardless of
their difference in locations of origins. These results suggest that the
chemical composition of C&D waste may  be similar in geographi-
cal locations. However, the physical and mechanical characteristics
may  differ depending on the original concrete mix  used and the
targeted quality of the concrete products, which mostly are influ-
enced by the available technologies and the economic status of the
respective country.

The CM as well as DM1, DM2  and DM3  samples seem to be closer
in chemical–mineralogical composition to NCA (natural coarse
aggregates) while the rest of the recycled aggregates of single-
storey buildings are more similar to NFA (natural sand). These
results suggest that the original concrete mix of rubble particu-
larly from single-storey buildings was mainly composed of sandy
material and/or less cement material. Based on results of C&D
waste composition in Table 2, the concrete, which also contains
cement–sand matrix like mortar comprises about 39% of C&D waste
recycled in Tanzania; the rest is almost cement–sand matrix waste.
These results suggest that the original rubble was dominated with
sandy materials (fine aggregates) and/or less cement was used in
the concrete mix. These results indicate that the original concrete
mixtures were mostly composed of sand (i.e., 60% (see Table 2))
and less cement (e.g., 1:14 (see Table 1)). This could be one of the
reasons why  concrete blocks having compressive strength as low
as 2.1 N/mm2 are produced in Tanzania.

5.2. Cement and water

The results in Fig. 7 and Table 3 showed that cement and water
used in concrete block production in Tanzania were within the min-
imum requirements specified in TZS 727, 2002 (CEM II/A-L/32.5)
and TZS 789, 2003, respectively. Thus, they had no impact on the
strength of the concrete blocks.

5.3. Concrete blocks from recycled C&D waste

The results presented in Fig. 7 show that the denser the con-
crete blocks (i.e., the higher the density value), the higher the value
of compressive strength. For example, concrete blocks with den-
sities more than 1900 kg/m3 had a compressive strength of more
than 7 N/mm2 while DS3 that had lower density value than others,
also had a lower compressive strength (5.2 N/mm2). These results
are generally in agreement with Fuller’s theory that the higher the
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density, the higher the strength (Raju, 2002). However, the com-
pressive strength results of DS3 pose a challenge because the results
of aggregates grading corresponded to the ideal curve. Further-
more, ACV analysis results showed that DS3 had lower value (49.1%)
compared to DS1 (58.5%), DS2 (71.5%), DM2  (57.8%), and CS (49.3%).
This outcome may  be affected by the compaction technique (man-
ual) which was used because the water absorption ratios showed
that DS3 had a higher value of 15.1% compared to, for example, that
of the CS (8.6%), DM2  (8.8%), DS1 (12.3%). Since it was  manual work,
maybe a worker was tired at the end of the day.

In this study, manual technology was used in production
of concrete blocks from C&D waste because it is affordable
to many Tanzanians due to limited funds in many developing
countries. Regardless of manual technology, the average compres-
sive strength of the 58 concrete blocks specimens, produced from
C&D waste, that were tested was 8.8 N/mm2. Tanzanian Standards
(i.e., TZS 283, 2002 (E) allows concrete blocks with compressive
strength of 3.5 N/mm2 to be applied in construction industry in
Tanzania. This suggests that there is a possibility for developing
countries like Tanzania to recycle C&D waste into building materials
instead of throwing them away.

Furthermore, the compressive strength results indicate that
there is a possibility to recycle the C&D waste into load bear-
ing concrete blocks because approximately 85% of concrete blocks
specimens tested in the laboratory attained compressive strength
of more than 7 N/mm2. The recycling of C&D waste into building
materials could help to solve the problems of solid waste disposal in
Tanzania as well as become an alternative resource for production
of new building materials and therefore, contribute to conserv-
ing natural resources, increasing employment, and improving the
economy of the nation at large.

6. Conclusions

The aim of this paper was to investigate the possibility of
recycling the C&D waste (mainly cementations rubble) into con-
crete blocks as a material for building construction in Tanzania
instead of throwing it away or using it for lower applications like
infilling potholes or foundation backfilling. The rubble from con-
struction and demolition buildings were collected and processed to
get fine and coarse aggregates which were used in the production
of concrete blocks. In this research, the recycled aggregates for both
fine and coarse samples replaced natural aggregates by 100% in the
concrete block production. The recycled aggregates were tested to
understand their physical, chemical, and mechanical characteris-
tics, and the results were subsequently applied in mix  design for
concrete block production.

The recycled aggregates in Tanzania were found to be weaker
in terms of strength than those produced with natural aggregates
as well as those produced in Hong Kong. The poor (weaker) con-
dition of recycled aggregates in Tanzania compared to those from
Hong Kong suggests that the cement content of the old concrete
waste was poor as well. For example, current concrete blocks are
produced in Tanzania from natural (virgin) aggregates having rel-
atively low compressive strength of 2.1 N/mm2. These conditions
are likely to affect the quality of the concrete block to be produced
from them. Also, high percentage of water absorption suggests that
the recycled material is composed mostly of cement paste mate-
rials, i.e., mortar (sand–cement) than stone materials. On other
hand, chemical–mineralogical results indicated that the recycled
aggregates from building construction and demolition waste in
Tanzania have no inorganic contaminants which can affect the
building materials produced from these aggregates, and therefore,
they are suitable for use in new concrete block production. Fur-
thermore, the similarities in chemical–mineralogical composition

between recycled aggregates and those from natural sources indi-
cate that there is less cement used in origin concrete waste. Based
on these findings, further studies are required to identify kind of
organic impurities present in the C&D waste in Tanzania and how
that can affect the recycled product.

In this paper, the concrete block production technology used
was manual which is mostly applied and affordable to many con-
crete block producers in Tanzania. A hand (manual) machine was
used for compacting and moulding processes. After 28 days of
curing, the concrete blocks were tested in the laboratory. This tech-
nology was capable of producing concrete blocks with load bearing
capacity and a compressive strength of at least 7 N/mm2 from 89%
of C&D waste samples recycled and 85% of specimens tested. These
results indicate that there is a possibility to recycle C&D waste
in building material production in Tanzania regardless of existing
technological challenges. The C&D waste recycling will result in
improved social, economical, and environmental welfare in terms
of creating more employment, reducing health hazards caused by
C&D waste disposal, reducing the cost of waste management and
providing an alternative source of building materials in Tanzania. As
a result, natural resources will be conserved for future use and the
construction industry in Tanzania will become more sustainable.
Further work should focus on investigating the technology that is
capable to produce the minimum compressive strength of 7 N/mm2

for all (100%) C&D waste samples recycled. Other area of further
study will be a detailed economic feasibility of the production of
concrete blocks with recycled aggregates in Tanzania.
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