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ABSTRACT

This project was carried out to investigate the strength
properties of blocks made from quarry dust

and pozzolanic materials so that they can be used as alternative
material in building construction

industry. The main test of crushing of block samples was carried
out at IPRCKigali structural

engineering laboratory. Many other tests such as sieve analysis,
water content determination and

chemical test for pozzolana were carried out in different CST
laboratories. Two different samples

of quarry dust were used; one from STABAG stone crusher and the
other one from MUSANZE

district, also the sample of pozzolana from MUSANZE district.
The results indicated that

pozzolana and quarry dust samples selected are relatively
suitable for block making by additional

of stabilizers such as lime or clay. The moulded block has
dimensions of 30cmx15cmx12cm with

two 50% cavities of the block volume; the mixing proportion that
gives the best compressive

strength is 1:1:2 (lime/clay: pozzolana: quarry dust). Results
indicated that the more content of

quarry dust in the mixture, less will be the compression
strength. The best compressive strength of

the samples was found on 14th

day. The results obtained from compression strength test
indicates

that blocks made with pozzolana and quarry dust from STRABAG
stone crusher (PQs) gives a

compressive strength of 0.2925 N/mm2while the one of quarry dust
from MUSANZE district(

QPm) gives 0.2750 N/mm2. When the block is stabilized with lime
(LPQs), it gives the maximum

compressive strength of 0.7225 N/mm2 and when stabilized with
clay (CPQs) gives 0.8350

N/mm2which is the best compression strength of the project
.Crushing of blocks discovered that

the compressive strength obtained are below from the value
recommended by international

standard, state that the compressive strength of masonry blocks
to be used in building

construction shall not be less than 2.5 N/mm2. .So the block
should be rejected and further

researches are recommended by using other stabilizers for
improving the compression strength.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 BACKGROUND

The cost of construction materials in Rwanda is being increased
at a high rate because of higher

consumption of building materials due to country development.
Concrete blocks which are most

popular building material in the world, requires a great
consumption of energy. River sand has

been the most popular choice for the aggregate component of
concrete in the past, but overuse of

the material has led to environment concerns, the depleting of
securable river sand deposits and a

concomitant price increase in the material. Therefore; there is
a need to find new and more costly

saving materials with sufficient strength and durability so as
to maintain the cost of constructing

houses at prices affordable to clients. The potential for using
pozzolanic materials and quarry dust

as alternatives materials which can substitutes cement and river
sand was considered here and

used as raw materials for making building blocks in construction
sector. Natural sand takes

millions of years to form and it is not replenishable. In such a
situation the quarry dust and

pozzolanic materials can be economical alternative materials to
the river sand and cement. Thus,

this research was focused on how quarry dust and pozzolanic
materials can be used to make

buildings interlocking blocks of sufficient strength and
durability. Using quarry dust will lead to

the conservation of natural resources and preservation of
environment which are the essence of

any country development. Many studies on the usage of quarry
dust and pozzolanic materials will

be carried out to judge the properties of blocks and strength
behavior. Quarry dust has been

proposed as an alternative to river sand that gives additional
benefit to concrete. Quarry dust is

known to increase the strength of concrete over concrete made
with equal quantities of river sand,

but it causes a reduction in the workability of concrete.
[1]

When examining the quality of pozzolana and quarry dust it
becomes apparent that if both are

used together, the loss in early strength due to one may be
alleviated by the gain in strength due to

the other, and the loss of workability due to the one may be
partially negated by the improvement

in workability caused by the inclusion of the other. [2]
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This work is aimed to determine whether the concurrent use of
the two by-products will lead to a

range of economic and environment benefits and if such benefits
could be obtained by the use of

these two materials together to produce an interlocking block
with sufficient strength. [3]

1.2 PROBLEM STATEMENT

Due to rising cost of construction materials and the need to
adhere to sustainability, alternative

construction techniques and materials are being sought.
Different materials such as earth, cement,

and sand have been used worldwide since thousands of years to
produce building block or brick

according to local climate and environment as well as local
traditions customs. Hills are being

destroyed to get construction materials therefore how we can
develop new building blocks from

the remaining quarry dust with pozzolanic materials for solving
this environment problem. But

we still struggling for modernity where our construction need
aesthetic, durability and

sustainability, environmental and economic materials of
exchange, instead of using costly

concrete block that all peoples cant access. Is there any
engineering material that can play similar

role? Also, as we are heading to development we cannot step
backward to the use of old mud

block which are cheap but neither aesthetic nor high compression
strength resistance. Briefly,

how to develop it and at the same time assess sufficient
strength and still environment and

economical friendly? These are challenges that will be
concerning this project. That is why it will

be necessary to assess if the quarry dust and pozzolanic
material can be used as alternative

materials in making building blocks for the safety of
environment and at low cost by using more

available and local natural materials.

The following are some related problems:

There is a rising in cost of existing construction materials
(clay, sand, Cement).

Existing durable materials with sufficient strength are
expensive.

Destruction of environment for getting natural construction
materials (clays, sand).

Concrete blocks are expensive and all peoples cant access to
them.

Mud block/ brick consume a lot of energy while firing them.

Mud block / brick which currently used in rural areas have
neither strength nor aesthetics.
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1.3 OBJECTIVE OF THE RESEARCH

1.3.1 Main objective

The main objective of this project is to analyze or assessing
the strength of interlocking building

block made with quarry dust and pozzolanic materials in order to
control its quality and/or their

mechanical properties.

1.3.2 Specific objectives

Find out the chemical components of pozzolanic materials as well
as of quarry dust.

To determine the suitable mixing ratio between quarry dust and
pozzolanic materials to be used

when moulding of blocks in order to get the maximum
strength.

Moulding block samples made from quarry dust and pozzolanic
materials.

Testing the compressive strength of the moulded interlocking
blocks.

Conducting a comparative strength study between other types of
existing building blocks from

different types of materials and the best one moulded.

To draw some conclusions and recommendation about safety of this
new material in building

construction industry.

1.4 HYPOTHESIS

Structural wall must withstand and resist against natural and
artificial action like compressive

stress, capillarity, etc. This will depend on resistance of
structural materials that were used to

build that wall; materials here are blocks made with quarry dust
and pozzolanic materials with an

addition of lime/clay for accurate stabilization. The test of
crushing strength of the product was

made to know the ability of the block to support the applied
loads in order to make safe design.

1.5 SCOPE OF THE PROJECT

To evaluate the properties of an interlocking block requires
many laboratory tests that can preventother necessary works and
test to be performed due to the time limitation some other test was
not

carried out. Data was collected from different regions of Rwanda
particularly in north province

and samples were tested at IPRC Kigaliin structural engineering
laboratory and in University of

Rwanda (CST) laboratories.
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This research does not deal with other types of strength
analysis such as shear strength.

Some standards are not followed for instance the required
dimensions for block will be used if

necessary to identify the proposed block from others.

Our case study: Rwanda

1.6 METHODOLOGY

Different methods have been used during execution of this
project, while collecting necessary

data; strength analysis, blocks production procedures and
laboratory tests for block materials.

Collection of stone quarry dust from different area of Rwanda in
order to justify which types of

rock present the best materials for block production.

Documentation through books and browsing on the internet for
getting enough theoretical

information relevant to the topic.

Using laboratory tools for determining compressive strength of
moulded block samples.

Undertaking site visit to different quarries in Rwanda for
collecting block materials.

Data analysis and interpretation of all results obtained from
laboratory test of block samples.

Conducting a comparative strength study between the existing
building blocks and the block

molded.

According to the obtained results, some conclusions and
recommendations were drawn.

1.7 SIGNIFICANCE AND RATIONALE

1.7.1 General Significance

This research aims to create a new building material in
construction industry and analyze its

strength. Thus, entrepreneurs related to buildings industry will
aware on other alternative

construction materials by using available nature materials in
Rwanda like stone quarry dust and

pozzolanic materials with effective-cost and durability , also
with reduction of environment

pollution from stones quarrying.

As, the expected results are achieved, the use of quarry dust
and pozzolanic materials should be

promoted if it is cost saving and having adequate strength.
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1.7.2 Academic Significance

For the academic purpose, this research project will be used by
engineering students during their

studies and/or research. Scientifically, this research will be
used for further research on building

construction materials in developing the country like Rwanda
without environment pollution.

1.7.3 Public and administrative significance

This project is one of the project conducted about strength
analysis of quarry dust and pozzolanic

materials; thus researchers may using it as a reference document
for some tests already carried out

during it execution.

1.8 RESEARCH JUSTIFICATION

This project research will be helpful in building construction
and other type of structures. Blocks

will be moulded from stone quarry dust which was normally
considered as waste and pozzolanic

materials, then analyzed by different test such as compression
strength; chemical test, For the

purpose of promoting the usage of available materials which are
locally present in Rwanda.

Reducing the usage of sand which causing the depletion of
securable river sand deposits and the

cement which is expensive and consuming energy while
manufacturing. As the expected results

will be achieved, the use of quarry dust and pozzolanic
materials will be promoted where there

will be saving in money and also the environment will be also
protected against erosion where

sand and cement are no longer the only materials to be
considered for making building blocks.
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CHAPITER 2

LITTERATURE REVIEW

2.1 INTRODUCTION

This chapter provides detailed information that pertains to this
research project, and this

information will be obtained from various sources such as books,
internet. Only credible sources

of information will be consulted. It is also talking about
quarry dust, Pozzolanic materials,

interlocking blocks and strength analysis. The quality and cost
effectiveness of construction

materials employed in housing development are among the major
factors that determines the

optimal delivery of housing projects in Rwanda. Therefore,
materials that can be used for building

construction must provide some objective evidence of quality and
cost effectiveness in terms of

functional requirement and low income economy respectively. In
view of this, the search for low-

cost material that is socially acceptable and economically
available, at an acceptable quantity

within the reach of an ordinary man becomes a subject of
continuous interest. The belief that the

African region is full of raw materials suitable for local uses
encourages this, the construction

sector is not making optimal use of them. [4] The most
significant element of house in housing

development is the wall which is a component of many constituent
materials. In most villages,

mud and clay materials are still being used for wall making with
their acceptability as last

alternative for the poor but, with some level of quantity
attendant problem [5], especially in an

area of high flooding potential. Hence, many of such houses are
deprived of their social

acceptability. In every quarry site in the country, the dust
produced is most often handled as

waste.

2.2 QUARRY DUST

2.2.1 Introductive definition

The quarry dust is the by-product which is formed in the
processing of the granite stones which

broken downs into the coarse aggregates of different sizes.
Researchers have been conducted in

different parts of the world, to study the effects of
incorporation of quarry dust into block making.

Quarries are operating in many parts in our country to supply
coarse aggregates for various types

of construction. This influence the increase in production of
quarry dusts in our country which is
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considered as waste material. Their properties mainly depend on
the properties of the parent rock

such as chemical and mineralogical composition.

Figure 2. 1: Quarry dust samples.

Agdebe and Joel (in 2004).Described quarry dust as cohesion-less
sandy material acquired either

naturally (which is rare) or artificially by the mechanical
disturbance of parents rocks (blasting of

rocks) for construction purposes, composed largely of particles
with a diameter range of

0.05mm.They found in their study on suitability of quarry dust
as partial replacement of sand in

hollow block production that quarry dust is cheaper than river
sand during rainy season [6].

A.Sivakumar and Prakash M. (October 2011). In the recent past
good attempts have been

made for the successful utilization of various industry by
products( such as fly ash, silica fume,

rice husk ash, foundry waste) to save environment pollution.
Quarry dust, a by-product from the

crushing process during quarrying activities is one of the
materials that have recently gained

attentions to be used as concreting aggregates [7].

The basic tests on quarry dust as per IS-383-1987and its
specific gravity was around 1.95 Wet

sieving of quarry dust trough a 90 micron sieve was found to be
78% and the corresponding

bulking value of quarry dust was 34.13%. Researchers have been
conducted in different parts of

the world, to study the effects of incorporation of quarry dust
into concrete.

Crushed granite coarse aggregate conforming to IS 383-1987 of
size 12 mm and down having a

specific gravity of 2.6 was used. The loose and compacted bulk
density values of coarse aggregate

were 1483 and 1680 kg/m3, respectively, for different grade of
concrete.
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Galetakis and Raka(2004) studied the influence of varying
replacement proportion of sand with

quarry dust (20, 30 and 40%) on the properties of concrete in
both fresh and hardened state. The

analysis of experiment data showed that the addition of the
quarry dust improved the strength

properties of concrete which was on part with that of
conventional concrete, Thus Quarry dust

may be used as an effective replacement material for natural
river sand in block making. [7]

Varghese (2008)recognizes granite material from which quarry
dust is generated as an igneous

rock. It is being formed by tectonic activities of volcanic
eruption, ejecting up to the terrestrial or

the outer crust some molten magma that later solidify into
igneous rocks [8]. This deposit is

usually used for concrete of high compressive strength in the
construction industry. There is no

significant chemical change in its production is very good for
walling units. This production

would help to increase the availability of local building
materials and in turn would influence

positively the cost of housing development in Rwanda.

Ilangovana et al,( in 2008)studied the strength and durability
properties of concrete containing

quarry dust as fine aggregate and found that the compressive,
flexural strength and durability

studies of concrete made with quarry rock dust were nearly 10%
more than the conventional

concrete. Their workability results showed slump values ranging
between 60-90 mm and

compacting factor 0.87 0.90 for grade 20 concrete. The range of
20 days compressive and

flexural strength for grade 20 concrete were found to be 23.7
34.50 N/mm2 and 3.45 6.40

Physically, quarry dust has smooth, long, angles, sharp at
corner and grey in colour.

The Surface of quarry dust is rougher than sand. Theoretically,
the rough surface will lead to high

bind compared to smooth surface. The fineness of quarry dust is
defined as particles that retained

using 4.75mm, 2.36mm, 1.18 mm, 0.6mm, 0.3mm and 0.15mm and 0.75
sieves. Based on

ASTM C 136-84.Picrometer has been used to determine the specific
gravity of quarry dust.

Based on ASTM C 128-88, specific gravity of quarry dust is 2.65
where it can be

categorized as fine aggregates. Besides, water absorption of dry
surface of quarry dust has to be

analyzed. Quarry dust is being dried in oven for 24 hours at
105C. Percentage different between

wet and dry dust is divided by density before dried to get the
value of water absorption which is

0.6%. respectively. [9]


	
8/11/2019 IGITABO Final PROJECT AJ-BIZ Y4 CE CORRECTED
GOOD.pdf

22/87

9

2.2.2 Evaluation of quarry dust

Different engineering studies have been conducted for
identifying the suitability of quarry dust

uses. Various rock types produce different types or different
qualities of quarry dust due to the

inclusion of their fresh minerals. Properties of quarry dust
mainly depend on the properties of theparent rock such as chemical
and mineralogical composition, physical and chemical stability,

petrographic characteristics, specific gravity, hardness,
strength, pore structures and colour.

As far as quarry dust quality is concerned, the most important
property is the mineralogical

composition. [10]

Table2. 1: Common rocks with their mineral composition [8]

S/N ROCK TYPE MINERAL COMPOSITION

1 Biotite gneiss Quartzite, feldspar, biotite

2 Migmatitic gneiss and

Migmatitic

Quartzite ,feldspar, biotite, hornblende

3 Hornblende biotite gneiss Quartzite ,feldspar, biotite,
hornblende

4 Granite gneiss Quartzite ,feldspar, biotite,

5 Chamoctic gneiss Quartzite ,feldspar, biotite,

6 Chamoctic Quartzite ,feldspar, biotite, hornblende

The most common minerals in these rocks are quartz, feldspar,
hornblende, biotite and

hyperthenes according to different research.

The analysis of experimental data showed that the addition of
quarry dust improved the strength

properties of blocks. From testing results, it is inferred that
the quarry dust may be used as an

effective replacement of material for natural sand. This project
consists of analyzing the strength

of interlocking building blocks with quarry dust and pozzolanic
materials.
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2.2.3 Sieve analysis for quarry dust.

The process of dividing a sample of aggregates into various
fractions, each consisting of particles

of same nominal size. The resultant of particle size
distribution is called the gradation. It

determines the quantity and percentage of the constituent
particles in the samples as well as theirgrading distributions.

2.2.4 Application of quarry dust

There are many applications of quarry dust such as in
construction, processing, landscaping, and

recreational and agriculture

a. Application of quarry dust in construction

In construction industry, quarry dust is used as an aggregate
substitute especially in concrete

mixture. The application of quarry dust can reduce cost of
construction. Through the research it

was proved that using quarry dust is cheaper than sand. Quarry
dust also is used in construction of

sub base in highway.

b. Application of quarry dust in processing

In India, quarry dust is a material used to produce concrete
block as well as interlocking block. It

was mixed with chalk and gypsum to block. The use of quarry dust
in producing block is also

applied in South Africa. Besides that, quarry dust is used to
produce tiles.

c. Application of quarry dust in landscaping and
recreational

United State of America, Australia and New Zealand have applied
the use of quarry dust for

landscaping. For recreational use, quarry dust is used as
fertilizer for planting and as walkways.

d. Application of quarry dust in agriculture

Quarry dust is act as fertilizer where it contains nutrients
that are good for plants. A research has

been conducted by University of Massachusetts found that there
are four (4)types of plants that

can use quarry dust as fertilizer, salad, tomatoes, apple and
corn.
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2.3 POZZOLANA MATERIALS

2.3.1 Introduction

Pozzolans are materials that contain reactive silica and
alumina, which when finely ground and

added to lime, impart a hydraulic property to the binder.
Pozzolans take their name from the town

of pozzouli in Italy where the local volcanic ash and derived
clays were found by the romans to

produce a binder that is harder than air lime, and which was
found to set under water. The generic

name pozzolan is now applied to any reactive material which
imparts these properties to a lime,

and includes brick dust, ground tile/ pottery, pulverized fuel
Ash (PFA), granulated blast furnace

slag (GBFS) and some processed clays (metakaolin), plus other
similar furnace slag, plus other

similar materials. The one thing they all have in common is that
they have been exposed to higher

temperature which has resulted in the alteration of the
materials components such that the silicates

and aluminates present become reactive in the presence of
hydrated lime.

S.K Duggal (2008). Defines pozzolan as a siliceous material
which whilst itself possessing no

cementitious properties, either processed or unprocessed and in
finely divided form, reacts in the

presence of water with lime at normal temperatures to form
compounds of low solubility having

cementitious properties. [10]

Pozzolan may be natural or artificial, fly ash being the best
known in the latter category. Before

the advent of cement these were used with lime to make concrete.
The main justification for

using pozzolan is the possibility of reducing costs of
construction materials. If they are to reduce

costs, they must be obtained locally and it is for this reason
that they have not so far been much in

use.

2.3.2 Classification

Pozzolans are classified as natural and artificial.

a) Natural Pozzolans

All Pozzolans rich in silica and alumina and contain only a
small quantity of alkalis. Some of the

naturally occurring Pozzolans:

1. Clays and shales which must be calcined to become active.
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2. Diatomaceous earth and opalite cherts and shales which may
not need calcinations (most active).

3. Volcanic tuffs and pumicites; fine grained ashes form better
pozzolan. However, tuffs- solidified

volcanic ash may be ground to desired fineness for use.

4. Rhenish and Bavarian trass.

b)

Artificial pozzolan:

Some of the examples of artificial Pozzolans are:

1. Fly ash.

2. Ground blast-furnace slag.

3.

Silica fume

4. Surkhi

5. Rice hust ash.

2.3.3 The activity of pozzolana.

When it is mixed with ordinary Portland cement the silica of the
pozzolana combines with the

free lime released during the hydration of cement. This action
is called pozzolanic action. The

pozzolanic activity is due to the presence of finely divided
glassy silica and lime which produces

calcium silicate hydrate similar to as produced during hydration
of Portland cement. The silica in

pozzolana reacts with the lime produced during hydration of
Portland cement and contributes to

development of strength. Slowly and gradually additional calcium
silicate hydrate is formed

which is a binder and fills up the space, gives impermeability,
durability and ever increasing

strength. [3]

Hydration of Portland cement may be expressed as:

C3S + H2O C-S-H + Ca (OH)2 C-

S-H: Calcium silicate Hydrate ; Ca (OH)2: Lime; SiO2: Silica

Lime produced combines with silica of pozzolana

Ca (OH)2+ SiO2 C-S-H
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2.3.4 Selection of quarry dust and pozzolanic materials for
stabilization

Low quality stabilized blocks result from lack of control or
monitoring of materials and the

whole production process. The field of quarry dust and
pozzolanic materials selection involves

identification of the distribution large and small particles
within a sample. To limit the size oflarge particles and remove
impurities, after being first pulverized, materials were passed
through

standardized sieves according to size of particles of quarry
dust and pozzolanic materials. An

important factor in materials stabilization is the quarry dust
and pozzolanic materials cohesion

that depends on their fines fraction and bonding properties.
Quarry dust and pozzolanic materials

selection is often conceived as once-off process of testing to
confirm the materials to be used pass

the criteria for stabilization and to determine the best ratio
of quarry dust and pozzolanic materials

to stabilize. However to maintain quarry dust and pozzolanic
consistency, it is necessary

practically to constantly monitor the quarry dust and pozzolanic
materials properties and

compensate for any changes that occur.

2.4 INTERLOCKING BLOCKS

2.4.1 Introduction

There are many types of interlocking block developed in various
part of the world. For example,

Haenar blocks, the Menaco block system and Putra block
(Thanoonet.al, 2002). Although various

systems were developed, the main idea of an interlocking block
system is to provide a much faster

construction time. This is because interlocking block system is
dry stacked and use less mortar

compared to conventional masonry construction [11]

Figure 2. 2: Examples of interlocking hollow blocks made by
Ruliba clays
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Earlier development of interlocking block was in Thailand where
it was first developed to reduce

the use of timber in house construction. It was proven that with
the use of interlocking block,

construction cost was reduced and also completion time was
faster because the block used

mortarless compared to conventional masonry construction.

However, primary design of these block have few disadvantages.
The blocks were heavy and

building construction required a certain amount of masonry
skills. Also, a lot of mortar was used

for the joints thus taking longer construction time. The
drawbacks were repaired with the

development of the interlocking block technique by the Human
Settlements Division of the Asian

Institute of Technology (HSD-AIT), Bangkok in cooperation with
Thailand Institute of Scientific

and Technological Research (TISTR) in the early 1980s.The Post
-Graduate Centre Human

Settlements (PGCHS), of the Catholic University of Leuven,
Belgium, in 1986-1990 has assisted

HSD-AIT and TISTR in optimizing the interlocking block
technique.

The concept of interlocking blocks followed a few principles
where the blocks are shaped with

projecting parts, which fit exactly into depression in the
blocks placed above, such that they are

automatically aligned horizontally and vertically. Thus, block
laying is possible without special

masonry skills. This dry stacked system is also why less mortar
could be used and consequently

amount of cement as binding agents is saved. There were vertical
holes in the block to reduce the

weight of the block and to insert steel rods for reinforcement,
and/or to pour liquid mortar,

which runs through the full height of the wall, making it more
stable. In order to achieve accurate

alignments of bricks placed at right angle, the length of the
block was designed to be double its

width.

Table 2. 2: Review of performance Studies (source: Anand and
Ramamurthy) [12]

Name of system Block type and

material

Interlocking

mechanism

Salient observations

Mechano

system,Peru

Hollow (sand-

lime)

No-interlocking

geometry- stability

only through grouting

-compressive test on

prism(20% reduction in

strength than mortar-laid

masonry)

-Diagonal tension
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test;horizontal reinforcement

increases diagonal strength and

provides ductility

Modified H-block,USA

Hollow(concrete) Tongue and groove inhead joint

-Axial compression tests onhollow(average efficiency of

49%) and grouted prisms

-Higher flexural strength on

grouted specimens

Sparfil system,

Canada

Hollow(light

weight concrete)

No-geometric

interlocking used as

surface bonded

masonry

-compressive strength is

affected by individual block

strength, and surface bonding

provides flexural resistance

Haenersystem,USA

and Canada

Hollow(concrete) Projecting nibs in bed

joint: tongue and

groove head joint

-concentric and eccentric

compression and flexural tests

on grouted specimens-

compressive strength higher

than conventional masonry-

Benefits of strain gradient

effects greater

WHDBlock,USA Hollow(concrete) Dovetail arrangement

in head joint

-axial compression tests;

Hollow prisms; lower

efficiency; grouted prisms;

strength increases higher than

conventional masonry

-Increase in flexural strength

due to grouting not as

significant as conventional

masonry-Diagonal tension test
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on reinforced grouted

specimens-improve ductility

Sparlock system,

Canada

Hollow concrete Through geometry and

stacking pattern

-Axial compression;

ungrouted; face fell crackingclose to ultimate load.

Grouted specimens;face shell

cracking well before ultimate

load due to lateral tensile

strains in grout-Lateral load

tests on hollow block wall

specimens-Finite elementanalysis to predict stress

distributions in bending and

moment capacities of dry stack

assembly

Numerous literature on interlocking block are produced, however
test results on behavioral

characteristics are available only for a few, as shown in Table
2.2also concluded that development

of interlocking blocks reveals that(a)may have complex shapes,
which appear to have been

deliberate, and such intricacies in block geometry ( tongue and
groove or undercut and dovetail

arrangement)necessitate mechanized production methods; and (b)
the presence of continuity of

horizontal and vertical joints from inner to outer face [12]

2.4.2 Interlocking mortarless blocks for building
construction

Interlocking blocks can be produced as solid, perforated or
hollow blocks. The demarcation

between hollow and perforated blocks primarily depends on the
surface area of the holes. If they

occupy less than 25 % of the surface area, they are
calledperforated blocks, if more we define

them as hollow blocks(BS 6073-1:1981 clause 3.3). We can
characterize blocks in terms of

their solidity as follows:
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The more solid the block the more material required and more
powerful the press needed to attain

enough block density, but less binder will be needed for
satisfactory block strength.

The more perforations, increasing up to 50%, the more binder
will be required in the mix to

achieve the higher strength needed for thin membranes formed
onto hollow block.

The two solidity characteristics of blocks above, each have
extreme conditions that increase cost

of blocks. The best percentage of perforation is that which
minimize some combination of weight,

material and the power requirement of the press. To reduce the
cement/sand ratio in the mix for

hollow blocks, the size of perforations should be reduced.

Interlocking requires a variety of shapes/ parts to construct
different wall joints. The existing

commercial interlock designs have different configurations and
thus vary the number of part

blocks necessary to perform the same construction operations.
Table 2.2 divides interlockingblocks into two groups according to
their locking systems.

Category A blocks have interlocks that restrict movement both
horizontal and transverse to

building wall surface, Category Bblocks allow horizontal
movement and only limit transverse

movement during wall assembly. [12]

Interlocking blocks have three types of locking (jointing)
methods; Tongue and Groove (T&G),

Protrusions and Depressions (P&D), and Topological non
planar locking. The T&G and P&G

are the typical locking methods, while topological method is not
a popular one.

Table 2. 3: Categories of interlockblock systems [12]

Category A Both horizontal and

transversal block movements restricted

Category B Free horizontal and restricted

transversal movements

Auram Alan block

Bamba Hydraform

Haener Interlocking System Solbric

Osteomorphic

Tanzanian


	
8/11/2019 IGITABO Final PROJECT AJ-BIZ Y4 CE CORRECTED
GOOD.pdf

31/87

18

Thai

Before involving ourselves in the descriptions of interlocking
blocks, let us be acquainted with the

terms used in block work.

Block: is a masonry unit exceeding 337.5mm in length, 225mm in
width or 112.5 in height. The

following definitions also apply the interlocking block
arrangement.

Bat:is a piece (formed by cutting perpendicular to the face) of
a brick with a reduced length.

Block:size measure equal to the length of one block

2.4.3 Interlocking Hollow-blocks

Interlocking hollow blocks are made from sand-cement that can
compete with conventional

technologies in terms of quality, strength and cost. There are
many promising types of interlock

blocks in Canada to mention just a few:

Alternate face-shell components figure 2.1a, known as Sparlock
systemHines,(1993).

Projecting lug system components figure 2.1b, known as Haener
system Gallegos,

Figure 2.1 shows Canadian interlocking hollow-blocks with
general measurements of 16 x8 x

8 (400 x 200 x 200mm)representing more than thirty existing
types as discussed by Thanoon et

al. (2004), and Ramamurthy &Nambiar (2004). Most of the
interlocking hollow-blocks are used

to replace formwork for casting reinforced concrete walls. The
Sparlock system allows placement

only of vertical reinforcements while the Haener system provides
for both horizontal and vertical

reinforcements. The normal material mix ratios (cement to
sand/aggregates) for producing hollow

blocks are richer than 1:10 due to the high strength
requirements of thin block webs, and to

withstand the pressure transmitted on placing concrete grout.
The diagrams (Figure 2.3) illustrate

the assembly of block units and how they fit to build a wall or
framework of a wall.


	
8/11/2019 IGITABO Final PROJECT AJ-BIZ Y4 CE CORRECTED
GOOD.pdf

32/87

19

Figure 2. 3: Example of masonry wall with interlocking
mortarless blocks

The popular types of interlocking block in Africa and Asia are
made from stabilized soil and are

meant for low cost housing. The following designs exist in the
market: Thai interlocking block;

Solbric, Hydraform and Bamba Systems from South Africa; Auram
system from India and

Tanzania type.

The above listed types of interlocking blocks were invented by
different people at different times

to reduce mortar costs, enhance construction productivity and
building characteristics (accuracy,

stability and strength); achieved by the proper choice of
production method, building/wall

construction technique and locking mechanism.

2.4.4 Thai interlock blocks

The Thai interlocking block with dimensions 300x150x100mm, was
developed in the early

1980s, by the Human Settlement Division of the Asian Institute
of Technology (HSD-

AIT).Bangkok, in cooperation with Thai Institute of Scientific
and Technical Research

(TISTR).This is an interlocking block developed from brick. The
Thai interlocking block is

produced using a modified CINVA-Ram manual press developed in
Columbia in

1956(VITA1975). Vertical holes also run through the full height
of a wall serving the following

purposes:

They reduce weight
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They can house reinforcement or mortar to increase building/wall
stability at chosen locations

(corners, junctions, opening ends etc.)

They may be used for electrical and communication conduits.

The grooves may however increase the amount of render required
for internal plastering. Theholes in combination with the grooves
may reduce overall strength of block and hence the

strength of the wall built using these blocks. The locking
mechanism is not well secured as the

knobs and depressions are too small lesser than 5mm. the
strength of such interlocks depend on

surface render, or on grout filled into vertical holes with
additional reinforcements if need arises.

2.4.5 Solbric system from South Africa

The Solbric system uses solid interlocking blocks, formed by
pressing on their ends (the

compacting stroke moves to the longer side), with guided or
controlled width and height. In block

laying, SOLBRICs are arranged at the normal bed surface. The
size of a SOLBRIC is

250x200x100mm. SOLBRIC provides small horizontal cavities
between the courses in which

conduits and pipes can be installed or reinforcements placed to
strengthen the wall at certain

locations (cill and lintel levels). The SOLBRIC wall has a flat
internal surface and externally a

pointed joint surface from the chamfered edges of the
blocks/bricks on one side. The flat internal

surface of SOLBRIC reduces the thickness of required plaster
mortar and the external pointed

joint makes the external appearance attractive. However this
difference means that bricks/blocks

may not be reversed (front to back).
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Figure 2. 4: SOLBRIC interlock brick [12]

Although the SOLBRIC interlocking block system seems to be easy
to use, the shape of the

block and the parts made from the machine make it possible to
build only the external walls

because there is no means of connecting part itions, for example
by making a tee or cross joints.

The smaller thicknesses smaller than 15mm of the vertical and
horizontal tongues that provide the

interlocking are questionable due to the material used (soil
stabilized with cement that is brittle in

nature) [12].


	
8/11/2019 IGITABO Final PROJECT AJ-BIZ Y4 CE CORRECTED
GOOD.pdf

35/87

22

2.4.6 Hydraform system from South Africa

Hydraform is the simplest type of interlocking block in shape,
when interlocked makes a tongue

and grooved joint at the sides and top and bottom. Being freeto
slide alone the course

horizontally. It can be pushed along to achieve tighter perpends
(vertical joints).

Figure 2. 5: Hydraform machine

Hydraform block is molded by pressing along its length from the
ends, as for the SOLBRIC. It is

also a solid block, but slightly shorter, wider and thicker in
size (240x220x115mm) than the

SOLBRIC. The stability of the wall built from the Hydra form
blocks are not provided by the

locking mechanism but by the width and weight (massiveness) of
the block. In production they

require considerable power to mould (compress) due to their
large volume, 30% more soil is used

compared to other reported types. Moreover the compression must
be sufficient to allow a fresh

block to withstand the squeezing forces occurring when it is
manually moved from machine to the

curing area. A powerful (moulding pressure 4 Mpa to 10 Mpa) and
expensive motorized machine

[13] is required to compact such volume of soil. This can be
compared to the cheaper manual

presses (with pressures under 2Mpa) used to produce Bamba,
Tanzanian and Thai types [14]

The hydraform blocks require some shaving or chopping, if two
blocks have to be laid

perpendicular to each other. A half bat to cover the tongue/male
is also required (Hydraform

manual 2004).
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2.4.7 Bamba system from South Africa

The Bamba interlocking block is perforated, with protrusions and
depressions. The top and

bottom faces of Bamba have negative symmetry: configurations
opposite to each other that allow

them systematically to fit/lock. Bamba block interlock well than
all other types due to its shape,provided that high accuracy is
maintained. This accuracy depends on: proper soil selection,
proper

determination of material mix (cement to soil and water to
cement ratios), observation of good

practice in production and curing. Though the shape can yield a
rigid structure, it is very difficult

to correct if blocks have defects. With these contradictory
characteristics, the system is not fit for

use in developing countries because it requires accurate
machinery and high skills in soil selection

to make sure that the production will be one consistency. If
everything is perfect, you can lay the

blocks of a whole house in a day, like a puzzle game. Otherwise,
with low accuracy in size and

shape due its complicated configuration, it consumes a lot of
time shaving and shimming to

compensate for block irregularities.

Figure 2. 6: The use of Bamba interlocking brick units in
stretcher bond.

The author developed threequarter bats for Bamba interlocking
block [14] to perform tee and

cross joints. The available Bamba interlocking units can
assemble wall, but it is restricted to half

brick wall and just stretcher bond. The occurrences of tee or
cross joints alternate the use of three

quarter bats from right to left, this does not depend on the
distance from each joint, but the
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rotation of three quarter bats to meet at the centre of the
joint that changes the orientation of the

following block/brick.

2.4.8Auram system from India

This type of interlocking block/brick has some similarities with
Bamba and Thai types, but of a

simpler shape with size 295x145x95 mm. figure shows its family
of bricks/blocks. It relates more

closely to the Thai system but with no grooves and reduces
perforations.

Figure 2. 7: Auram Interlocking Block [14]

Auram the number of three quarter bats required to just one due
to shape similarity, compared to

the two required with Bamba interlocking brick. In this type of
interlock a three-quarter bat is

used as corner block; this has flat ends, to avoid a semi-circle
notch appearing at the external

surface of the wall. The Auram block is more solid and heavier
between 9Kg and 10 Kg than the

Thai and Bamba system types at 7Kg to 8 Kg. But the locking
mechanism depends entirely upon
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the bosses and depressions; this will require experiments to
examine the optimum height of male

and depth female features less than 10mm to give enough
wallpunch trough strength.

2.4.9 Tanzanian interlock brick (TIB) system

According to [15] the TIB system was designed by the author
after observing the weaknesses in

the Bamba system. The new system (TIB). It was developed for
appropriate technology

applications; thus taking into considerations availability and
affordability to the users. The

machine, which is locally made and manually operated, is a
modification of CINVA-Ram press

machine [16, 17, 15]. The author made important modifications to
improve block/brick to suit

Tanzanian requirements. The size of the brick is 300x150x100mm,
the same as that of Thai and

Bamba types respectively. The locking knobs and depression are
two as for the Auram type, but

they may have various shapes with holes running through the
centre of the knobs. The blocks are

chamfered to the front and back edges, providing pointed
horizontal and vertical wall joints. This

chamfer gives a good key to the plaster, if plastering is needed
(the blocks from the machine are

normally smooth enough to provide good finishing without
plastering). The chamfer also reduces

corner friction during block production; thus reducing the
ejection force required. The TIB as

other designs systems block available on market fails to satisfy
some of the demands from the

building industry, such as the construction of:

Various block bonding joints

Piers (wider than half block length) attached into walls, which
conventional (mortared) block

work can easily perform.

Thicker walls (thickness more than half of brick length) and

Different wall configurations (circular, polygonal)

Correcting these deficiencies interlocking building block is a
further work of this research.

2.5 STRENGTH ANALYSIS OF BLOCKS

Blocks often have to withstand great compressive stresses. The
durability of the masonry depends

upon the strength of the blocks. Common building blocks should
have a minimum strength of

35kg/cm2. Also the compressive strength of any individual block
should not fall below the

average compressive strength specified for the corresponding
class of block by more than 20%
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2.5.1 Testing for compressive strength

The specimen block is immersed in water for 24 hours. The frog
of the block is filled flush with

1:3 mortars and the block is stored under damp jute bags for 24
hours followed by immersion in

clean water for three days. The specimen is then placed between
the plates of compression testingmachine. Load is applied axially
at uniform rate of 14N/mm

2(140kg/cm

2) and the maximum load

at which the specimen fails is noted for determination of
compressive strength of block given by:

Compressive strength= Maximum load at failure/ Loaded Area of
blocks

2.5.2 Compressive strength and other mechanical properties

The compressive strength is the only mechanical property used in
block specification. It the

failure stress measured normal to the bed face. Blocks are
tested wet, normally with frog filled

with hardened mortar. A considerable variation is found between
individual blocks and the list

specimen to be tested to obtain the mean strength. Generally,
compressive strength decreases with

increasing porosity, but strength is also influenced by block
composition and drying process. The

compressive strength is limited by brittle fracture and is
sensitive to individual flow in the sample

under test.

Among strength of blocks, the compressive strength has received
a large amount of attention

because the block is primarily meant to withstand compressive
stresses. Cubes, cylinders are the

most compression test specimens use to determine compressive
strength. The cubes are usually of

100 or 150mm side, cylinders are 150mm wide and 300 mm
height,

Figure 2. 8: Compressive Strength Testing Machine
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We performed this test to measure the strength gained by the
block as a function of the time it is

cured. This information can be used for construction purposes to
determine how soon after block

production that the blocks can be placed in the wall. This test
also gave us an idea of how the

compressive strength and mode of failure of a single block
compares to a block system

2.5.3 Factors affecting compressive strength

Arnold W. Hendry in structural masonry (1998) has stated the
important factors in determining

the compressive strength of masonry as follow:

1. Unit characteristics: strength; type and geometry like solid,
perforated, hollow, relative height;

absorption.

2. Mortar characteristics; strength developed by mix, water/
binding materials ratio, water

retentivity, relative deformation and relative thickness.

3. Masonry: Bond; direction of stressing; local stress and
interlocking system.

Some of these factors, such as the unit characteristics, are
determined in the manufacturing/

production process, while others, such as mortar properties, are
susceptible to variations in

constituent materials, proportioning, mixing and accuracy of
construction.

2.6 HYDRAFORM MACHINE DESCRIPTION

2.6.1 Introduction

Hydraform group was established in South Africa in 1988. It has
its head quarter in Johannesburg,

South Africa. A Hydraform range of products is marketed in over
50 countries and has a network

of distributors/ offices and representations in Africa and
Asia.

Hydraform group has always placed a strong emphasis on providing
clients with cutting edge

technologies. By conducting ongoing research and development
both in house and in

collabollation with local experts, it continually strives to
improve existing products and to create

innovative and appropriate new offerings. [13]

2.6.2 Types of hydraform machine

1. M7E block making machine
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Hydraform Model M7E Machine is suitable for users having on site
block production requirement

with 3 phase power supply or compatible generator back up. A
separate pan mixer is required to

feed the machine with mixed material. It is a stationary plant
inclusive of hydraulic power pack

including cylinders, compression chamber, precompacting top gate
assembly.

2. M7D mobile block making machine

Hydraform Model M7D Machine is suitable for users having on site
block production

requirement with pre-fitted diesel engine. A separate pan mixer
is required to feed the machine

with mixed material. It is a mobile plant inclusive of hydraulic
power pack including cylinders,

compression chamber, pre-compacting top gate assembly all fitted
tyre mounted, road worthy tow

hitch trolley.

3. M7MI block making machine with integrated pan mixer

Hydraform M7MI is popular choice with clients looking for
complete mobile block making

solution. The Machine is pre-fitted with diesel engine or
electric motor and includes hydraulic

power pack including cylinders, compression chamber,
pre-compacting top gate assembly ,

loading assembly, all mounted on a robust trailer with tow hitch
and road tyres for mobility. This

machine is a block maker with integrated pan mixer with capacity
to complement the block

making unit.

4. M7S2E block making machine

Hydraform M7S2E block making machine is a good option for
setting up block yard or for onsite

block production at large projects. It is fitted with twin
compression chambers to give parallel

production. This machine consists of three separate units: a
power pack plus 2 operating work

stations with compaction chambers. The hydraulic power pack is
inclusive of an +- 11 kW2 pole

foot and flange 3 phase 440 volt electric motor (+-11kW) Diesel
Engine fitted on a static frame,

running 2x compression chambers individually mounted on separate
frames, both including

cylinders, pre-compacting top gate assembly, loading assembly.
The chambers are connected to

the power pack through extended hydraulic hoses to give workers
free movement area.

5. M7TWIN block making machine
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Hydraform M7 twin machine is suitable for higher block
production requirement with option of

machine mobility on site. The Machine is prefitted with diesel
engine or electric motor and

includes hydraulic power pack including cylinders, 2 sets of
compression chamber including pre-

compacting to gate assembly, loading assembly, all mounted on a
robust trailer with tow hitch and

road tyres for mobility.

2.7 ADVANTAGES AND SOME LIMITATIONS OF IBBs

2.7.1 Advantages of IBBs with quarry dust and pozzolanic
materials

A local material:The production of block is made from available
locally materials, made on site

its self in the nearby area. Thus it will save transportation,
fuel, and time and money expenditures.

Limiting deforestation: The fire wood is not needed to produce
IBBs. It will save the forests,

which are being depleted quickly in the world, due to short vie
developments and mismanagement

of resources

An adapted material: Being produced locally it is easily adapted
to the various needs technical,

social, cultural habits/routine.

A transferable technology: It is a simple technology requiring
semi- skills, easy to get. Simple

villagers will be able to learn how to do it in short time.

Job creation opportunity: The interlocking building blocks allow
unskilled and unemployed

people to get skilled, get a job and rise in social values.
Market opportunity: According to the local context (material,
labors, equipment, etc.) the final

price will vary, but in the most cases it will be cheaper with
affordable price than fired bricks and

blocks made from cement.

Reducing imports:Produced locally by semi-skilled people, none
needed import from far away

expensive materials or transport over long distance heavy and
costly building materials.

Cost efficiency: Produced locally with a natural resources and
semi-skilled labour, almost

without transport, it will be definitely cost effective.

2.7.2 Limitations of IBBs with quarry dust and pozzolanic
materials

Lack of quarry dust and adequate machine to produce it

Unawareness of the need to manage resources

Lack of pozzolanic materials and knowledge of exploitation
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Pozzolanic materials are available only in small area

Low technical performance compared to concretes blocks

Untrained teams producing a bad quality products

Under stabilization resulting in low quality products

Misunderstanding of pozzolanic materials and quarry dust.

Bonding of quarry dust and pozzolanic materials which is not
totally effective.

Low social acceptance due to counter examples (by unskilled,
semi-skilled people or improper

quality of materials used and equipment)

2.8 GENERAL ADVANTAGES AND DISADVANTAGES OF IBB SYSTEM

2.8.1 Advantages

System is more rationalized; it has simplicity of handling and
laying

Wall erection is faster

Alignment can be completed faster

Quality variation due to mortar joints is eliminated

Erection during cold weather is possible

Dependence of skilled labor is reduced

Load of superstructure can be immediately applied

Ductility can be improved

Unlike mortared joint construction , use small unit does not
consume more material but does take

more time

Unit can be manufactured on site using quarry dust and pozzolan
materials

Demolition of interlocking block masonry is basically conducted
by simply unplugging the dry

stack masonry units allowing the re-use of the units

Least energy intensive and environmentally benign technology

2.8.2 Disadvantages

Hollow system may be unstable to resist certain types of out of
plan loading during the

construction; this can be overcome by external bracing or
grouting the hollow section at intervals.

Bond patterns are limited thus architecturally more restrictive;
Traditional aesthetic appeal may be

compensated by toweled or spray surface treatments
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Difficult to form curve walls with most interlocking systems(a
few systems include solution to

this problem)

Initial seating deformation may decrease strength and stiffness
of hollow system

Manufacturing and handling costs are marginally increased due to
the stabilization of blocks

Use of hollow systems without partial grouting and surface
bonding is restricted

More accessory units may be required and Dimensional tolerance
of the units
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CHAPITER 3

RESEARCH METHODOLOGY

3.1 INTRODUCTION

This chapter will discuss about all laboratory tests carried out
in order to analyze composition of

raw materials that were used to produce blocks; quarry dust,
pozzolans, lime and clay. Quarry

dust from different quarries in Rwanda especially in Musanze
district and STRABAG stone

crusher located at RWAFANDI; based on the rock that present the
good property; mixing with

pozzolana also from Musanze district. Afterward making the best
mixing proportion between

them to come out with the appropriate material which will be
advised to be used in production of

building blocks. It may be stabilized by lime or clay to access
the best strength of block. The

laboratory testing methods of blocks is in accordance with ASTM
standards. The property of

block which has to be further discussed is compressive
strength.

3.2 TESTING OF POZZOLANS FROM MUSANZE DISTRICT

Pozzolana is typically silicates and/ or aluminates that bind
with lime to produce binding calcium-

silicate-hydrates and or calcium silicate aluminates,
effectively creating a hydraulic lime. The

term pozzol
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