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ABSTRACT

Sandcrete blocks are widely used in Ghana for various purposes such as laying of foundations
and walling. The quality of blocks produced, however, differs from one manufacturer to the
other due to the different methods employed in the production and the proper use of the
constituent materials. This project focused on the effect of sand quality on the strength of
sandcrete products using Ghacem cement. Sand was taken from Esreso, Aputucgya and
Adagya in the Atwima Kwawoma district of the Ashanti region and were labelled as Esreso
Plastering, Aputuogya all purpose and Adagya Plastering. The sand was used just as it was
brought from the site (unsorted) and theh Serted hato 'fing and medium aggregates. Sandcrete
blocks were mixed in the ratio 6:1 and 3:1. One bateh of the sandcrete samples was air dried
and the other batch was water cured for a period of 28 days, and tested for their compressive
strengths and their water absorption. The sands were tested for their chemical content
(chloride and sulphatg)-and organic matier conteat, Sand samples that were iested for their
chloride and sulphate content récorded low values as comparcd to the ASTM requirements.
For chloride and sulphate content inEsreso sand, the resulis-were 0,065 mg/l and 0.5 mg/l
respectively compared to the ASTM requirement of 500 mg/l. It was found that the mix ratio,
the nature of the constijuent.natenals and the prescnce of organic matter.in.the sand affected
the quality of the sandcrete'dlocks. From the particle size analysis; it«ias [ound that, Esreso
block and Adagya rough samples-hada high amount of residuglweeds) and low compressive
strengths, ie. 20.86% (4.97 MPa) and 28.97% (5.54 MPa)respectively. This project also
confirmed that, generally air dried sandcrete blocks were better in strengths than water cured
sandcrete blocks. Esreso Plastering samples of medium aggregates recorded strength of 20.09
MPa when air dried and 11.15 MPa when water cured, On the whole sandcrete blocks of

medium aggggéates gave higher—strengths than sandcrete blocks of fine aggregates.
X1l



CHAPTER ONE

1. GENERAL INTRODUCTION

The use of cement based products as a building material has gained such an
international status that it is used as the standard measure of the suitability, in terms of
its strength, durability and workability, compared with other building materials like

bricks and laterite blocks for building construction.

However, the use of cement-basgdypradilgtt Sometimes require a specified period of
time to set and a minimum strength beforeweither the product could be used or any
further work could be continued on it In most cases the 28-day strength is the
optimum strength which is used as the measure. This requirement sometimes becomes
an impediment and causes delaylof very imporiant projects especially when the
economics of the"project is foremost invthe minds of the contraclor and the client. But
since quality could not be sacrificed for other aspects, the curing period and attaining

maximum strength should be adhered to.

Some works haye;begn done on the-pessibility of accelerating the use of these
products, without sacrifiging-quality, by way of enhaneingfhe process of increasing

the strength rapidly to its design requirements [ 14

This project looks into the effect of sand quality on mortar cubes made from locally-
made Portland cement (GHACEM), and determines its 28-day strength with a
recommendation on the best type of sand and sand preparation needed in making

i =
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SAND

S>and 1s a product from the breakdown of larger rocks. The type of sand present, for

exampie at a beach, 1s determined by the geological make

up of the region. When

rocks or minerals arc pulvenzed by any agencies, natural or artificial, the products

may be classified as gravels, sands and mud or clays, according to the size of the

individual particles. If the grains are so fine as to be impalpable (about 0 to 6mm. In

diameter) the deposit may be regarded as a mud or clay. If many of them are as large

as peas the matenal 1s a gravel. Sands may be uniform when they have been sorted

out by some agency such as a gentle current of water or the wind blowing steadily
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sand are found also in some parts of the courses of our rivers, very often over wide
stretches of the seashore, and more particularly on the sea bottom, where the water is

not very deep, at no great distance from the land [2].

1.1.1 Constituents of sand

The most common constituent of sand, in inland continental settings and non-tropical
coastal settings, 1s silica (8510;), usually in the form of quartz, which, because of its
chemical inertness and considgrablephargingss, Jig@quiteresistant to weathering.
However, the composition of Sard Waries ‘mecordmg 18 local rock sources and
conditions, Some locations have sands that gomtain magnetite (Fe;0,), chlonite (ClO;),

or gypsum (CaS0,.2H:0) [3].

1.1.2 Uses of sand,

The economic uses of sands are yery numerous. They are largely employed for
polishing and scouring both for domestic. and manufactufing purposes. “Bath bricks "
are made from the sapd of the river Parreit near Bridgewater. Sand for glass-making
was formerly obtained'al Alum Bay in the Isle nf-Wigh_i“‘anﬂ‘ral Lynn in Norfolk, but
must be very pure for the best kinds of glass,-and crushed quartz or flint is often
preferred on this account. One of the principal uses of sand is for making mortar with
cement. For this purpose, any good clean sand free from salts is suitable; it may be

washed to remove impurities and sifted to secure uniformity in the size of the

—

indivi:luafih;r?_]ins. Moulding sands, adapted for foundry purposes, generally contain a
= -_r._'__.__..—-——-_'_'_ 3



small admixture of clay. Sands are also employed in brick-making, in filtering, and

for etching glass and other substances by blasting [4].

1.1.3 Range of grains

Figure 1-1: Range of particle sizes

The range of particle sizes encountered in soil is very large: from boulders with a
controlling dimension of over 200mm down to clay particles less than 2um. Some
clays contain particles lcss than 1im in size which behave as colloids, i.e. do not

settle in water due solely-to gravity.

In the British Seil-Classification System, soils are classified into-named Basic Soil

Type groups, and the groups further divided info coarse, medivm and fine sub-groups:



Table 1-1: British Soil Classification System [5]

BOULDERS > 200 mm |
Very coarse = ‘
s01ls |
COBBLES |60 -200 mm
| |
! | Coarse [20-60mm |
[} i 1]
s |
§ } Medium ifi_ -20 mm
' ‘GRAVEL | ;
I ! | m——
o | KINUST

soils ' Coarse 0.6 - 2.0 mm

Soils possess a number of physical characteristics which can be used as aids to size

identification in the field. A handful of soil rubbed through the fingers can yield the

following:



Sand particles are visible to the naked eye.
Silt particles become dusty when dry and are easily brushed off hands and boots.

Clay particles are greasy and sticky when wet and hard when dry, and have to be

scraped or washed off hands and boots.

1.1.4 Shape of grains

The majority of soils may be regq;dgﬁ as f:it:i:mr SANDS«osELAYS;

Sands include gravelly sands andgravel-sands. “Sand™grains are generally broken rock
particles that have been formed by physieal weathering, or they are the resistant
compenents of rocks broken down by chemical weathering. Sand grains generally

have a round shape.

Clays include silty claysvand ¢lay-silts; there arc.fewpure silts. Clay grains are
usually the product of chemieal weathering of rocks and soils. Clay particles have a

flaky shape.

There are major differencés.in gngmeering behaviourpetween SANDS and CLAYS
(e.g. in permeability, compressibility, shrinking/swelling potential). The shape and

size of the soil grains has an important bearing on these differences.



1.1.5 Shape characteristics of SAND grains

Sand and larger-sized grains are round, Coarse soil grains (silt-sized, sand-sized and
larger) have different shape characteristics and surface roughness depending on the
amount of wear during transportation (by water, wind or ice), or after crushing in
manufactured aggregates, They have a relatively low specific surface (surface area).

The following are some of the shapes sand particles could have:
Rounded: Water- or air-worn; transported sediments

Irregular: Irregular shape with round edges; glacial sediments (sometimes sub-

divided into 'sub-rounded' and 'quh-angulat’)

Angular: Flat faces and sharp edges; residual soils, grits

Flaky: Thickness small compared to'length/breadth; clays
Elongated: Length larger than breadth/thickness; broken flagstone

Flaky & Elonpated: Lengih>Breadth>Thickness; broken schists and slates

1.1.6 Particle size tesis

Figure 1-2: Sieves to measure the distribution of particle sizes

B e .



The aim of the particle size test is to measure the distribution of particle sizes in the

sample. When a wide range of sizes is present, the sample will be sub-divided, and

separate tests carried out on each sub-sample. Full details of tests are given in BS

1377 (Appendix A). Methods of test for soil for civil engineering purposes:

ii.

1ii.

1.2

Wet sieving to separate fine grains from coarse grains is carried out by

washing the soil specimen on a 60pm sieve mesh.

Dry sieving analyses can only be carried out on particles > 60 pm. Samples

(with fines removed) are dricd and_shaken_through a nest of sicves of

descending size.

Sedimentation is used only for fingg@ils. Secil particles are allowed o settle
from a suspension. The decreasing density.of the suspension is measured al
time intervals, Sizes are determanedsfrom the settling velocity and times

recorded.Percentages between sizes are determined from density differences.

[3]

THE DIFFERENCE:BETWEEN CEMENT AND'CONCRETE

Although the terms cemen! andconcrete often-arerused interehangeably, cement is

actually an ingredient of congreie™-Cancrete is basically a-mixture of aggregates and

paste. The aggregates are sand and gravel or crushed stone; the pasie is water and

portland cement. Concrete gets stronger as it gets older. Portland cement is not a

brand name, but the generic term for the type of cement used in virtually all concrete,

just as stainless is a type of steel and sterling a type of silver. Cement accounts for 10

_ e =Tk
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to 15 percent of concrete mix, by volume. Through a process called hydration, the
cement and water harden and bind the aggregates into a rocklike mass. This hardening

process continues for years meaning that concrete gets stronger as it gets older [6].

1.3 PORTLAND CEMENT

Portland cement 1s the most common type of cement in general usage in many parts of
the world, as it is a basic ingredient of concrete, mortar, stucce and most non-
specialty grout. It is a finely-gronwt powder produed by grinding Portland cement
clinker (more than 90%), a maximum of aboul 5% gypsum which controls the set
time, and up to 5% minor constituents (as@llowed by various standards). As defined
by the Buropean Standard EN197.1, "Portland cement clinker is a hydraulic material
which shall consist of at least twosthirds by mass of galcium silicates (3Ca0.5i0; and
2Ca0.8i0,), the remainder consisting of alumimium- and iron-eontaining clinker
phases and other compounds, The ratio of CaO to Si0; shall notbe less than 2.0. The
magnesium content (MgO) shall not exceed 5.0% by mass." Portland cement clinker
is made by heating, in a Kiln, a homogengous mixture of raw materials to a sintering
temperature, which isiabout 1450°C for medern cements. The aluminium oxide and
iron oxide are present.as a-flux and contribute little-to the strength. For special
cements, such as Low Heal {LH) and Sulfate Resistant (SR) types, it is necessary to
limit the amount of tricalcium aluminate (3Ca0.Al;0;) formed. The major raw
material for the clinker-making is usually limestone (CaCO3), Normally, an impure
limestone which contains $i0; is used - the CaCOs content can be as low as 80%.

Secondary raw materials (materials in the rawmix other than limestone) depend on the

—— = __,_.--"""-_'_-_'_ 9



purity of the limestone. Some of the secondary raw materials used are: clay, shale,
sand, iron ore, bauxite, fly ash and slag.

1.3.1 Production of Portland Cement

Local rock Comecuve
(Limestone) mnesal

10



There arc three fundamental stages in the production of Portland cement:

1, Preparation of the raw mixture
ii.  Production of the clinker

iii.  Preparation of the cement

1.3.2 Setting and Hardening

When water is mixed with Portlafid gementj thé product sets in a few hours and
hardens over a peniod of weeks, These processes can vary widely depending upon the
mix used and the conditions of curing of the product, but a typical concrete sets (i.e.
becomes rigid) in about 6 hours, and develops a compressive strength of 8 MPa in 24
hours. The strength rises to 15 MPa at 3 days, 23 MPa at one week, 35 MPa at 4
weeks, and 41 MPa dttheee mofiths, In prineiple, the strength continugs to rise slowly
as long as water is available for continued hydration, but concrete is usually allowed

to dry out after a few wecks; and this causes strength growth to stop.

Setting and hardening of Portland cerment is caused by the formation of water-
containing compounds, forming.as a-result.of reactions between cement components
and water. Usually, cement’react§ in a plastic mixturesonly at water/cement ratios
between 0.25 and 0.75. The reaclion and-the Teaction products are referred 1o as
hydration and hydrates or hydrated phases respectively. As a result of the reactions
(which start immediately), a stiffening can be observed which is very small in the
beginning, but which increases with time. The point in time at which it reaches a

certain l’e}él is called the start of setting.

11



Stiffening, setting and hardening are caused by the formation of a microstructure of
hydration products of varying rigidity which fills the water-filled interstitial spaces
between the solid particles of the cement paste, mortar or concrete. The behaviour
with time of the stiffening, setting and hardening therefore depends to a very great
extent on the size of the interstitial spaces, i. e. on the water/cement ratio. The
hydration products primarily affecting the strength are calcium silicate hydrates ("C-
S-H phases"). Further hydration products are calcium hydroxide, sulphatic hydrates
(AFm and AFt phases, and related compounds, hydrogamet, and gehlenite hydrate.
Calcium silicates or silicate consfi€n@ymakdup ?yg_r.}'i'ﬁ"".’%:b}' mass of silicate-based
cements, The hydration of these compounds aﬁﬂ'fﬁﬁﬁpcﬁies of the calcium silicate
hydrates produced are therefore particularly important. Calcium silicate hydrates
contain less CaO than the calcium silicates in eement.clinker, so calcium hydroxide is

formed during the hydration of Portland cement [6].

1.3.3 Hydration of Portland cement

Soon after Portland cement is mixed with water, a brief and intcnse hydration starts
(pre-induction periad).Calcium *sullates d;.ftsulve completely=and alkali sulfates
dissolve but not completely’ Short. hexagonal neédie-like etfringite crystals form at
the surface of the clinker particles as aresult-of the reactions between calcium- and
sulphate ions with tricalcium aluminate. Further, originating from tricalcium silicate,
first calcium silicate hydrates (C-S-H) in colloidal shape can be observed. Caused by
the formation of a thin layer of hydration products on the clinker surface, this first

hydmtinfi’_';ﬁdod ceases and the induction period starts during which almost no
= 12



reaction takes place, The first hydration products are too small to bridge the gap
between the clinker particles and do not form a consolidated microstructure,
Consequently the mobility of the cement particles in relation to one another is only
slightly affected, 1. e, the consistency of the cement paste turns only slightly thicker,
Setting starts after approximately one to three hours, when first calcium silicate
hydrates form on the surface of the clinker particles, which are very fine-grained in
the beginning. After completion of the induction period, a further intense hydration of
clinker phases takes place. This third period (accelerated period) starls after
approximately four hours and ends affer Gvelve o twenfy four hours, During this
period a basic microstructure forms, ConsiStingof ©=8-H needles and C-S-H leafs,
platy calcium hydroxide and etiringite crygtals growing in longitudinal shape. Due to
growing crystals, the gap between the eement parﬁcir:s is increasingly bridged. During
further hydration, the hardening steadily inereases, but with decreasing speed. The
density of the micro§tructure riges.and the pores are filled. The filling of pores causes
strength gain, The natuze of the chemical action of waler un-cemeént compounds may
perhaps be more clearly illustrated af we anticipate some ol the later discussions and
consider the hydration of 3Ca0.8i0-. The hydration of this compound may be

represented as:
3Ca0.8i0; + water — Ca(OH Jpt XCa0.ySi0:. aq s, et ... (1.0)

This action does not stop when the solution is saturated with calcium hydroxide but
hydration continues and the further lime liberated by the reaction 15 deposited as

erystals of calcium hydroxide [7]
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1.3.4 Uses of cement

The most common use for Portland cement is in the production of concrete. Concrete
1s @ composite material consisting of aggregate (gravel and sand), cement, and water.
As a construction material, concrete can be cast in almost any shape desired, and once
hardened, can become a structural (load beanng) clement. Users may be involved in
the factory production of pre-cast units, such as panels, beams, road fumiture, or may
make cast-in-situ concrete such as building superstructures, roads, dams. These may

be supplied with concrete mixed on site, or may be provided with "ready-mixed"
I/NIl |C
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concrete made at permanent miXimg $itéy, Pertland c}ma?u is also used in mortars
% it |
(with sand and water) only for plasters and sereeds and in grouts (cement/water mixes

squeezed into gaps to consolidate foundaﬁnn;, road-beds, ctc) [6].

1.4 STATEMENT OQF PROBLEM.

In Ghana, sand is being put fo geod mEc--mggcﬁ[Iy in arcas sueh as in the building
construction. Brick manufacturing plants use sand.as‘an additive with a mixture of
out on sand in the-areas of quaﬁlﬁf maﬁipmucm sandm}g;ﬁincks production.
The use of sand for, building has been practiced fﬁf.mﬁuyzﬁv;afs in the developing
countries. The persistence in'the Usgof 1higse sands in the building industries has been
attributed to several factors. Ghana hﬁs a population of about 21 million, with the
urban population growing at an estimated annual rate of 4.1% compared with the
overall population growth of 3% [8]. With the urban population growing at this rate,
building of houses and other reclreaﬁaml facilities are going to increase and the use of



sand with cement is also going to be on the rise. This might lead to the practice of
using any sand for making sandcrete and concrete.

1.5 STATEMENT OF OBJECTIVES

1.5.1 General objective:

The main objective of this project is to ascertain the effect of sand quality on the
strength of sandcrete products from winning sites in Atwima Kwawoma district in the

ul |

optimum results. h

Ashanti Region and more impn@apﬂw@cgn‘ncm ST or best sand to use for
I\ | I
.

1.5.2 Specific objectives:

1. Classification of sand partigles into different particle sizes (medium and fine).

2. To find the effectof :hj,aﬁde, sulphate and organic'matier gontent in the sand

and how they affect the strengthrof the sandereie products.
3. The effect of the sand quality-on the!h'm(.h of sanderete products (for).

4. To investigate the eﬁe;c‘twﬁ.f washed -and_ unwashed s;ngfﬂn the strength of

sandcrete producis, .

1.5.3 Justification of objective:
In Ghana, sand is being put to good use especially in the building construction. Sand
used to reduce shrinkage also reduces plasticity. It is in view of these uses of sand that

this p@ﬁc: is-being ugj;;ﬂakoa—lﬁi:wesﬁ gate the effect of sand quality on the strength
15



of sanderete products. The justification of this project is to see if the sand quality

(sulphate, twigs, particle size) really affects quality of cement products,

Ghacem cement 15 the most widely used binding agent in aggregate (different particle

sizes) for buildings both in the urb anN ,HESS-F also sought to investigate

the ratio of sand to cement mixture and its corresponding cold crushing strength

(CCS).




CHAPTER TWO

2. LITERATURE REVIEW

2.1 INTRODUCTION
Various methods have been devised and these are either by elevating the temperature

of the water when curing or by introducing come chemical additives in the mortar mix

[1].

Aggregates are generally divided into twosgroups: fine and coarse. Fine aggregates
consist of natural or manufactured sand with particles sizes up to 5 mm. It consists of
inert natural sand conforming to BSI, BS 882 (refer appendix B). It does not contain
more than a totabiof 5% by-weight of thefollowings: shale, silt and strueturally weak

particles [9].

Aggregates make up or occupy 60% to 80% of goncrete yolume making its selection
highly important [10}-Aggregate should consist of particles twith adequate strength
and resistance to exposure-cpndition and should not centain materials that will cause
deterioration of concrete. All natural dgeregate-particles originally formed a part of a
larger parent mass. This may have been fragmented by natural processes of
weathering and abrasion or artificially by crushing. Thus, many properties of the

aggregate depend entirely on the propertics of the parent rock, for example chemical

and n_]_i_npn;ll mmpnsi‘t'i_gg,_pe.tmlagic character, specific gravity, hardness, strength,
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physical and chemical stability, pore structure and colour [11]. Fine aggregates
provide support function to the finer solids producing voids of a size which do not
contain or support the finer particles. Particle shape affects the behaviour of the water
becausc harsh angular aggregates do not pack well and result in high void content
[12]. Such aggregates may have a high surface area, but because of a lack of contact
between the particles, it does not effectively control the finer particles. Smooth
rounded aggregates have the disadvantage that, although theoretically it should pack
together and produce low voids, this situation does not necessarily occur in a graded

material of this type.

Aggregates for mortar must be clean, sharp ‘and free from salt and organic
contamination. Most natural aggregates contain a small quantity of silt or clay. A
small quantity of silt improves workability. Marine and estuarine aggregate should not
be used unless washed completely to temove the maghesium and sodium chlonde
salts which are deliquescent and attract moisture [13]: The mest suitable aggregate
would appear to be one that is well graded with a balance betrween rounded and
angular particles and a surfage texture that is not-too smooth. In practice it has been
found that a natural myeraggregate with a grading complying with'BSI, BS BB2 (refer

appendix B) is the most'suitable.

The realization of the usefulness and effect of fine aggregate on the strength of

concrete and sanderete in the building and construction industry has put into the
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minds of engineers and researchers to lay more emphasis on the study of the Civil

Engineering properties and its usefulness [14].

The structural world is more used to concrete blocks and clay bricks. Thus, literature
on structural walling relates to either concrete blocks or clay bricks. Another viable
option for walling is sandcrete blocks. Sandcrete blocks, which are formed from sand,
cement and water, are peculiar to Africa and Asia. In Ghana, sandcrete blocks have an
appeal to the construction industry due main]_gl.- to its ease of manufacture and the

availability of sand, the main compoment, in,Ghana [15]%

There is a need to study methods of increasing the eompressive strength of sandcrete
blocks. A new research aimed at improving the compressive strength of sandcrete
blocks by introducing.. coarseiaggregates has begun. If coarse aggregates are
introduced, the new"constituents of the sandcrete blocks will then become fine
aggregates, coarse aggregates, cement and water: Sincethe new constituent is the
same as for concrete blocks, the major diflerence between the new sanderete block
and concrete block Tes in the method of ‘manufacture, Sandcrete blocks have
relatively lower water content 1h;an concrete blocks. The lowerwater content implies a

relatively shorter curing penad. [13]

2.2 TESTING OF SANDS FOR CIVIL ENGINEERING WORKS
There is no question that there are great advantages in using cement in mortars, for

example; it is easier to control the hardening process. At the same time there are
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serious disadvantages 1o a cement mortar, and unfortunately the advantages are often
overstated. Generally large amounts of cement are not needed for strength, and in

some cases adding cement may produce more disadvantages than advantages [16].

2.2.1 Choice of mortar
When choosing a mortar, strength is not the only consideration. The interaction

between the masonry units and the mortar is at least as important. For good

interaction, the mortar must be smooth and easily worked.

The mortar should have about the sgame strength as the magonry units. If the mortar is
much stronger there is always a fisk for ‘oracking. When|choosing a mortar, one
should do the following;

i.  Decide a suitable strength.

ii.  Adjust the mortar to the absgrbeney of the masonry units [16].

23 SOIL-CEMENT AS A CONSTRUCTION MATERIAL
The combination of seil with cement under controlled eonditions of moisture and
density produces a material of distinct physical-and engineering characteristics. These

properties depend on {our main factors,
1.  Nature of soil
ii. Preparation of soil, cement and water in the mixture

iii.  The compactive energy used for the moulding of soil-cement.

e

=i v
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iv.  Physical conditions such as the curing temperatures and the age of the soil

cement mixes,

2.3.1 Volume change

It is generally observed that an increase in cement content tends to reduce the
shrinkage of clay, due to the intergranular cohesion produced by the hydration of
cement. It may, however be pointed out that in using soil-cement an optimum guantity
of cement is required to cut down the shpinkage tg.d minmimum. Normally, high
concentrations of cement tend to|prediice’\shrinkage cracks in the soil-cement and

sometimes these are detrimental for example tosthe strength of pavement [18].

2.3.2 Strength characteristics

The compressive strength, flexural strength and modulus of clasticity of a seil-cement
mix increases with thewcgncentration of«ement. Tn addition the strength of s0il-
cement with the same coneentration.of cement is higher in'a soil with a better grading.
The curing temperatures and ‘period of curing haye pronounced ¢ffect on the increase

in strength of soil-cement mixes [18].

24 THE NEW SCGHOQOL-AND THE OED SCHOOL OF MAKING
CONCRETE

In just the last 20 years, the industry based on cement binder technology has

undergone major changes that shake the very foundation of the old school way of

thinking. Not long ago, concrete and mortars were going through their "brute

swength""éﬁ----snmgﬂw———smpﬁmm concern and portland cement was king, The
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common wisdom of the time held that many concrete and mortar problems could be

solved simply with the addition of more cement.

The old school thinking reasoned that a higher compressive strength meant a better
quality of material. Strength has an important role 1o play, but it isn't the only actor in

the play. In fact, it may no longer be playing the lead role.

A very good example of this can be found in the specification for non-shrink grout, In
the past, all too often non-shrink grouts were selected solely on compressive strength.
The highest strength got the nodg l.}l.ll;;ﬂ?ﬂf- time p%‘w -ITmfd this about cement
aggregate systems (including structursl ﬁnﬁﬁ}:ﬁ,&m«;ﬁﬁeﬁ content 15 increased the
compressive strength goes up, but the system @lso becomes more brittle. This can be

very problematic in systems that are expased to dynamic loads [20].

2.5 THE ECONOMICS QF CEMENT

ACI 302 actually suggests that smce there ;&r no direct correlation between
compressive strengths and ‘water/cement ratio, the two.should not be combined in
specification for iﬁteri_qr floors, This statement means that, a g_ivegrfirafer.fcemcnt ratio
will not necessarily prodiicé thé same compressive, mgﬁhﬂmg raw material from
different sources. Specifications that are ;‘_ﬁﬁ'{cngtﬁlﬁ'riw:n may require a different
amount of cement than those that are water/cement ratio driven. If both are specified,

there is a good chance that more cement may be used than is needed.
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It has long been known that as the cement content increases, drying shrinkage
becomes more of a problem. The importance of optimizing cement content for

maximum performance is now being learnt. In other words, more about the economics

of cement is being leamt.

In the area of concrete repair, the high strength brute can also lead us astray. Here
again, all too often the brute gets the specification nod. Yet, when selecting a repair
material, not only must strength be considered, but also bonding capability and the

compatibility of the repair mortar with the substrate that js being repaired [20].

2.6 SAND FOR MORTAR

In National Specification System of ‘Australia (NATSBEC’s) specification of sand for
mortar, it draws upon the work of others, with the main innovations being the way in
which information is arranged and-the insights that are drawn from thal exercise. The

aim is to promote the nsewof sand formertar which;

» FEnables mortar to be made without regourse to “doping” — the on-site (1.c.
uncontrolled) addition of inapprepriate quantitics er'combinations of cement,
water or mineral'er chemical plasticisers, all of which are deleterious if used in
excess.

e Facilitates the making of mortar that'is reasonably tolerant of vaniations mn
materials, preparation and environment — thus minimising the need for on-site
manipulation of composition,

s Facilitates the making of mortar that can be placed, compacted and finished

easily and quickly,

23
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* Enables long term in-situ durability criteria to be met. (Or ensures satisfactory

long term in sitn performance).

The subject of this note is sand for cement-based mortar, principally for bedding
masonry and tiles, for plastering and for monolithic toppings to concrete. It does not
include sand for sand/lime mortars, It is hoped that it will facilitate the development
of similar recommendations for sand used for concrete. The performance of mortar, in
both fresh and hardened states, is particularly dependent on sand quality, more so than
is that of concrete. Also, sand whigh/is fimetionallyloptimal for mortar may not be so

for concrete.

The term mortar is used to describe @ glass of cement-based matenals of which the
primary components are sand, cement and water. Hydrated lime 1s a near — pnmary
component. Mortar can alse be definedwas a sub-class of concrete, differing only in
that it has no coarse apgregate. Martar- for bedding aasenry and tiles, and for

plastering, is normally placed and finished by hand [21].

2.6.1 Guidelines for using higher contents of ag_gregnt'e_ microfines in Portland

cement concrete

The “particle size” method of classification has been influential — leading to the
frequent removal of microfines from sand, regardless of its physical or compositional

altributes, or end-use. In itself, this practice is frequently both wasteful and
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environmentally undesirable. It has an important functional consequence; microfines

overlap the particle size range of cement, and by definition, form part of the paste.

Traditional 1:3 mortar, the volume of microfines contributed by the sand may be as
much as half that of the cement. It follows that microfines affect, to a similar or even
greater degree than cement, the rheological behaviour of fresh mortar — a vital
attribute of a material that is placed and finished by hand. When they are removed, the
tradesperson has little option but to replace them. Typically this is done by increasing
the volume of the paste and/or by improving the rheological behaviour of the paste,
The former is normally done by adding &éﬁaﬂht;‘hn&i#ﬁt&r. [f this is done to excess, it

leads to unacceptable shrinkage cracking [22].

The guidelines for using higher contents.ef aggregate microfines show that if the
uncompacted voids.content of the total sanddncluding microfines is 0.45%, and if the
particle size distribotion fits within a defined envelope, the sand will be adequate for
plaster. An uncompacted voids comtent off 45%. tranglates approximately to a
compacted voids content af 40%. Sands with microfines contents ranging from 0 —
11% were investigated, Plastér is generally considered to be more sensitive to sand
quality than mortar for bedding masonry Units. Partiele size distribution is not used as
a primary descriptor. It is used’only.as a refercnce Ft}int for specifying uniformity.
Particle shape is not used as a descriptor, it being assumed that this will be taken care

of by the voids content criterion [6].
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2.7 CHEMICAL AND PHYSICAL ATTACK OF SALTS ON CONCRETE

Mortar and concrete are two important construction materials widely used in both
domestic and industrial construction. With increased incidences of salinity in urban
developments, an understanding of how these materials interact with saline ground
conditions will assist designers and builders in selecting appropriate building
lechnologies, Chemical salt attack is caused by ingressing salts into cementitious
matenals, and the reactions with cement hydrates resulting in either the deterioration
of the matrix or loss of corrosion protection of the steel reinforcement. Both the
physical resistance of the matefials against! ingrefsing 8alts and the chemical
resistance of the materials against delcterious reactions determine the performance of
the material. Cement type and mix proportions are keys to the resistance of mortar
and concrete against chemical atiack. Physical salt atiack is caused by the capillary
suction of salls solution through a/'porous medium such as mortar, and subsequent
crystallisation through drying. The-process is repeated threugh cycles 0f wetting and
drying. Crystallisation-and re-crystallisation of certain salts ean generate expansive
force which results in the ph}rsinal break down of the porous medium, The same
phenomena also affects the exposed part of concrete foundation even though concrete
is much less porousythan mortar Saltsimay-eome-into direct contaet with bricks and
mortars, or reach brieks and mortars through rising dampness- (eapillary suction &
crystallisation process). It is genefally believed thatif the surface of the material is
exposed to air, the main deterioration process is of physical atlack due to expansion of
salt in the pores of the materials. However, this mechanism 1s the least understood and
research is currently undertaken to better understand this process [23]. In a moist

environment where salts are dissolved in solution, a chemical attack can occur usually

SR : _F'_'_,_..-—--"_-_'_
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due to the sulphate salts [24]. Sulphate can result in the loss of strength of bricks and

concrete, or cracking of concrete.

The third deterioration mechanism is due to the corrosion of steel reinforcement in
reinforced concrete structures. In this case, the main deleterious salt is chloride, which
diffuses into concrete resulting in the lowering of the pH and activating the passivated
steel to corrode. Corrosion leads to formation of iron products that expand, which
may result in cracking of concrete around the steel reinforcement. This phenomenon
is more commonly observed in reinfiorcéd goncrete strubfures in marine environment

[25] such as concrete wharf in tidal zone and buildings along the coastline.

2.7.1 Sulphates Attack.

The deterioration of miortar and ¢oncrete due to sulphate bearing soils has been well
established. Naturally eeeurring.sulphates of sodmum. potassiumuor magnesium can
chemically attack hardened cementitious malerials an mortags and concrete, causing
deterioration. To produce’ significant attack, aggressive chemicals have to be in

solution and should be able 1o penetrate into-the-structure.

Sulphate attack is a complex process-mvelving d sequence of different chemical
reactions. There are mainly two mechanisms related to sulphate attack: ettringite and
gypsum formation. In general, it is accepted that expansion and cracking are
associated with ettringite formation. Strength loss and mass loss are associated with

gypsum ﬂ":fﬁnation [26]. Also there is evidence that gypsum formation can cause
27
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considerable expansion when formed in large masses [24,27]. However, gypsum
formation is generally accompanied by a reduction in strength [24]. Also, a third
mechanism could take place as a result of decalcification of calcium silicate hydrates
(C-5-H), ur even unhydrated CHS and ﬁ-CES in the presence of sulphate ions [26,27].

2+

Calcium ions are released to the pore solution and supply Ca to promote the
formation of either ettringite or gypsum. It must be noted that the decalcification of C-

S-H can also lead to loss of strength and elastic properties due to a reduction in

binding capacity.

2.7.2 Attack due to Chloride Salts
There are two basic transport mechanisms for the penetration of chlorides, diffusion
of chloride ions and transport of chloride ion combined with water transport. Two

parameters govern the'ehloride diffusion and the related rigk of corrosion;

(a) diffusion resistance of the cencrete, which primarly depends on the pore size

distribution and the chloride ion concentration gradient

(b) binding capacity of the conerete with respeci to chloride ions (both physical and
chemical binding) ‘as thisbinding capacily infliénces both the penefration rate and the

ratio of bound to free chleridegaons'in the pore waters

The diffusion resistance of concrete to chloride ions is important as it governs the rate
of penetration of chloride ions. Superior diffusion resistance (lower diffusion

coefficient) would imply that it will take longer for chloride ion concentration at

o __,_,..--'-"-'--_._
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reinforcement to exceed a ertical chloride concentration (C )., for which
€r

depassivation and corrosion of the steel can take place. Thus concrete structures with
high resistance to chloride diffusion are expected to have longer service life. Also the
binding capacity of concrete is critical as it is generally recognized that only the free

chloride 1ons in the pore water influences corrosion of reinforcement.

2.7.3 Resistance of Concrete and Mortar to Physical Attack

There are many types of concréte Stfuctures thatwgan] be affected by saline
environments: slabs on grade, footings, roads, concrete pipes, kerbs and gutters. Due
to the different types of concrete used in these different applications, the extent and
possible types of deterioration occurring could be different. The impacts of a saline
environment manifest in different forms: efﬂﬂrtsﬁﬁnﬁﬁ, scaling, progressive erosion
of surface, cracking, crumbling-and softening. Scaling is-considered to bt the effect of
salt crystallisation with no-impactdue to chemieal attack. It will'Occur when the rate
of evaporation ol water from the coneretp surface 1s faster than the rate of water
entering the system. The detérioration is progressive and leads to surface damage,
which could possibly lead to further salts ~penttration. thrsi__eai attack by salt

crystallisation could ultimately [&ad.to crumbling conerete.
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2.8 RESISTANCE OF MORTAR AND CONCRETE TO CHEMICAL
ATTACK

2.8.1 Sulphate Salts

It has been found that the sulphate resistance of concrete depends of the chemical
resistance of cement and the physical resistance of the concrete [28,29]. The chemical
resistance is strongly influenced by the cement composition or cement type, whereas
the physical resistance is controlled by the concrete mix proportions and in particular
the water to cement ratio. Concrete with lower permeability has better physical
resistance and thus would resist the‘gengtragioriof sulpage fons and thereby improve

the sulphate resistance of concrete.

The sulphate ion content of sand determined quantitatively in accordance with AS
1012.20 should be reported if in excess 6£.0,01 %, Sand should not be used which,
when tested in aeeordance with AS 1012 20 contamn sulphates (expressed as S0O;) in
proportions which result in the sulphate content/of the mortar excecding 3.0% by

mass of Portland cement.

2.8.2 Chloride Salts
The diffusion resistance-of concretesto chloride ionsds Tormally-expressed in terms of

chloride diffusion coefficient D'~The' lower the D_J, the better the resistance of

concrete to chloride ions ingress. As mentioned before, diffusion is mainly influenced
by the pore size distribution. The diffusion coefficient has been found to reduce with

increase in the strengths and also with the addition of supplementary cementitious

malcrial_{_S_'a"'.d)-Such asﬁ‘l'}rg_h._slag.and silica fume.
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The chloride ion content of sand determined quantitatively in accordance with AS
1012.20 should be reported if in excess of 0.01 %. A combination of sands where the
total chloride salt content (expressed as CI+} exceeds 0.04 % should not be used in
reinforced mortar or mortar in contact with embedded metallic fittings. A combination

of sands where the total chloride salt content exceeds 0.15 % should not be used in

plain mortar.

2.8.3 Combined Effect of Chlumw T
In saline environment, it is quite n Sﬂ[ and chloride to coexist.

Studies on concrete in sea water indicate thalthe presence of chloride retards the

The beneficial effect

in the proces [31].
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Figure 2-2: Appearance of the biick/mortar &y'stem afier one c§clein NaC' safition
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19 IMPURITIES

Limits to impurities may be specified by reference to the relevant clauses of AS

2738.1, Section 9, from which most of the following is drawn:

2.9.1 Organic impurities
If sand is tested to AS 1141.34, the colour obtained should not be darker than the
standard colour of the reference solution. The performance of any suspect sand may

be cvaluated by comparing its performance in mortar to that of a similar mortlar

manufactured using sand that is known to be satisfactory.

2.9.2 Soluble salts

Some soluble salts may cause efflorescent® in mortar or adjacent concrete or
masonry, corrosion of reinforcing steel or embedded metallic items (1f such are used)
or disintegration of the mass of the mesarsPemmissiblc levels of soluble salts are
generally expresged-as the proportion of the relevantion present in the martar by mass

of mortar or by massef Portland cément.

Sand which contains other strongly ionized salts, such as mitrates, shall not be used

unless it can be shown that they do not adversely affeet mortardurability [21].

210 UTILISATION - AND. »QUALITY “©OFE «CEMENT-STABILISED

BUILDING BLOCKS

2.10.1 Definition of cement-stabilised building blocks
In this report the term "cement-stabilised building blocks” is used as a generic name
to cover a wide range of building materials. A cement-stabilised building block 1s

=
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defined here as one formed from a loose mixture of soil and/or sand and/or aggregate,
cement and water (a damp mix), which is compacted to form a dense block before the
cement hydrates. After hydration the stabilised block should demonstrate higher
compressive strength, dimensional stability on wetting and improved durability
compared to a block produced in the same manner but without the addition of cement.
This definition includes a range from hand-tamped soil blocks containing only enough
cement to enhance their dry strength a little (but not to achieve any long term wet
strength) to close-tolerance high-density concrete blocks, mechanically mass

produced and suitable for multi-stofes® cangtriction without afrender [32].

2.10.2 Current production of cemept-stabilised building blocks: practices and

problems

Curing procedures

The most detrimental praglice seén inall of the couniries surveyed was poor curing of
the formed cement stabilised block. Onice formed the blocks are frequently left out in
the sun to "dry", large areaswef sun-dried "euring” blocks.were observed in every
country surveyed [33]. Gement relies on-the présénee of water to hydmic, forming an
interlocking skeleton of caleiurrsilicate hydrate which.gives:the material its strength.
If the block is allowed to prematurely’ dtysthen fitll hydration of the cement does nol
occur and consequently only part of the cement used contributes to the strength of the
block. Experiments conducted by the DTU (Technology University of Denmark) at
the University of Warwick have shown that the strength lost due to poor curing can
easily reduce the final block bulk strength by 20%. As the block surfaces lose water

s _,..-'—""'.--_._
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first, strength loss in these regions is still higher [34]. The loss of surface strength
reduces both the handleability (edge and comer chipping during transport) and the
durability of the blocks. If proper curing were implemented, maintaining the
moulding water content for at least seven days, then both strength and durability
improvements would be seen. Good curing practice is not followed for one of two
reasons. Either the producer is not aware of the need for curing (instances in all
countries surveyed) or it is felt that the cost of constructing a suitable curing area is
not worth the potential increase in quality. In Kampala where sandcrete blocks are
produced by "egg-laying" Vibralin:g_, machines, produders oberved that wet weather,
provided heavy rain did not pit the newly moulded blocks, gave better curing.
However they were reluctant to use cloths te'inergase humidity during curing and also
indicated that shading the blocks would be unacceptably expensive, given the large
area which would have to be covered, With conventional moulding methods the
strength of the green blocks. is not sufficient to allow stacking of the fresh blocks and
hence a large sheltered euring area 18required. Improved compaction produces higher
density green blocks which may be'stack cured, 'g;reaﬂy reducing the area needed.
Furthermore a higher densityblock loses water more slowly.as a result of its reduced

potosity and consequently is Iéss susceptible ta poor euring praciice {35).

Batching

Cement hydration begins as soon as the cement comes into contact with water.
Experiments conducted by the DTU confirmed a strength loss due to compaction
delay but found it to be less pronounced, namely 20% loss after a two hour delay, The

siguiﬁf.:an;e of batch time-was ot understood by field producers and consequently
35
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batch times of two hours or more were common, In isolated instances batch times up
to six hours were found [36] which would result in at least a 50% strength loss for

blocks produced at the end of a batch. Batch times of 30 minutes are recommended

and it is advisable that times do not exceed 1 hour.

Optimum water content

The amount of water added to the cement mix is also important for good compaction
during moulding. Moulding at the pptimum water conient iesults in the densest block
yielding the greatest strength. If to@ much ofgoolittle water i added the formed block
will be less dense. This fact was not fully appreciated by any of the block
manufacturers visited and consequently vatiable® moisture contents were used at
moulding. This fact also contributes to the argument for shortening batch-times, as
water is progressively lost from, the mix botliun the bydration of cement and also by

evaporation.

Raw materials testing

The material, either "soil" or "sand™{o be stabilised is not adequately tested and the
importance of the fine aggfepate content is not understoodsFhorough soil testing has
always been advocated for soil-stabilisation but not-for sand stabilisation, It has been
found in the ficld that what is sold as sand, which should contain minimal quantities
of material finer than fine sand (0.063mm) frequently, containz high quantities of such
fines. CSIR in Pretoria, South Africa have found supplies of "building sand"

composed of over 50% clay. More commonly contamination is in the order of 25%

e _F,_,_..--—"'-'-'__
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fines, as observed in Zimbabwe, Kenya, Botswana and Ghana for unwashed pit sand.

The proportion of silt and clay (the fines) present in the material to be stabilised plays

an important role in determining the amount of cement needed for a given degree of
stabilisation. It is the fines, particularly the clay fraction, which expand and contract
on wetting and drying and consequently affect the durability of the cured block.
Without an understanding of both the effect of the fines and the quantity present it is

unlikely that the optimum use of cement will be made [36] .

Quality control

Quality control is usually not appreciated by the block manufacturer; in consequence
there is a large degree of variation in quality, bothibetween manufacturers and within
the stock of a single manufacturer, For eXample, most Non Governmental
Organizations piejects had tested blegks athe start of production to determine the
optimum cement content for the requited strength but had not continued testing
subsequently. Blocks produced in Kenya were secently tesied for compressive
strength by the Kenvan Standards offiee and found to be only half of the value
expected 0.7 MPa.compared to'1.5 MPa [21]. This 18 fiot surprising as the production
of blocks had begun™12 wears_earlier, methodology was pessed from operator to
operator, degenerating overlic #ears, and no qualifytesting-had been implemented to
monitor gradual changes. Testing of the density of green blocks would identify
production problems at an early stage, allowing quick remedial action o be taken,
Testing of representative sample blocks for cured strength would serve as both an
overall check on the production system and a useful marketing tool, namely the

adherena&.. of the block tothe—tocal building regulations [37]. However although
37
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building regulations exist in nearly all urban areas, defining the minimum allowable
compressive strengths of walling materials, they are not effectively enforced for low

rse constriction. Botswana site inspectors rely on a purely visual assessment of the

blocks [38].

Although the cement-stabilised production process is a simple one, it relies very

heavily on tight quality contro] to achieve good results. The following is a summary

of the factors which can cause block defects if not adequately monitored;

soil/sand composition may vary consitierablyeyen if dug from a single pit inadequate
mixing can produce a highly uneven distributioh of cement mixing too large a batch at
one time can reduce strength duc to premature cement hydration incorrect moisture
content at the time of moulding adversely aflgets the efficiency of compaction
variations in thesvelume of mix placed in the monld for compaction affeets the final
density of the block-and can seriously damage the maching. Inappropriate curing will
allow the block, in particular the bloek surface, t0.lose’ the-Water required for full
hydration of the cement, causing low stréngth blocks with poor surface durability

[38].
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CHAPTER THREE

3, EXPERIMENTAL THEORIES

Once a mortar cube material is prepared, its properties are evaluated and they are
usually compared with the properties of a standard cube. Analysis of properties of the
mortar cube is also important in determining the applications for which the material
can be used. The various analytical and evaluative methods used to determine the

compressive strengths and the chemijcal composition.0f_the mortar cube are as

follows:

3.1  Physico-mechanical properties

There are a variety of methods, which are useful in_‘_predtcﬂng physico-mechanical
properties of moriar tubes, However, it 18 essential that there should be some
consistency in the manner in which lests are conducted, and in the interpretation of
the results. This consistency is accomplished by using standardized testing techniques,
Establishment and publication of these standards are often coordinated by
professional socicties, Some of (he testing _-1e¢hﬁ'i'ques--hased on Angéfiﬁan Sncict}r. for
Testing and Materials (ASTM)slandards employed are pordsity test, water absorption

test, and compression test.
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3.2 POROSITY TEST

Porosity of a body is the total proportion of pores contained between the solid

particles of which the body is composed [39].

Pores in a body are of two types: open pore and closed pore. Open pores are spaces
into which water can penetrate and closed pores are spaces into which water cannot
penetrate, Pores play a significant role in the mechanical behaviour of a material
because they can provide stress concentration that far exceed the shear or fracture

strength [39].

Porosity is also of two types: apparcat porosity and true porosity. Apparent porosity 1s

defined as:

Apparent porosity_ 1otal-epen pore volume of a sample
Bulk volume of a sample =

.05

The Bulk volume of a sample _True volume of a sampie |

Total pore volume of a samplé

The Total pore volmmeef a sample_ Total open pore yolume

Total closed pore volume

Mathematically, the expression used to estimate the apparent porosity is as follows:

W, -W,

WI FW!I

ISR )

Apparent porosity =
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Where:
W= Dry mass of sample in air
W> = Saturated mass of sample in air

W; = Saturated mass of sample in water [39].

3.3  WATER ABSORPTION TEST

Water absorption is the amount of water absorbed by a sample after soaking the

sample in water for a certain period of tima [40];

The amount of water absorbed by a sample is calculated from the formula: The

percentage water absorbed %WA is

|r \I

W, — W
%A = [—lﬁ L 1X100% ...... e
I

i

34 COMPRESSION TEST

Compressive properties describe the behaviour of a material when il is subjected to a
compressive load Loading is al a relatively-lowand uniform-rates Compressive
strength or compressive siress, eompressive strain and-eompressive modulus are the
most common values producédsvher g -test sample 1s.subjected to a compressive load.
From the slope of the tangent to the initial straight Iine poriion of the COmpressive

stress- compressive strain curve, compressive modulus is computed [41].

Compressive strength, compressive strain and compressive modulus are calculated

using the following expressions|41]:
—_— _,-"'-.-'_._-_-_-_._
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Compressive strength __Maximumcompressiveloadonasample (33
' Average cross — sectional area of a sample
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CHAPTER FOUR

4. EXPERIMENTAL METHODS

The various methods used in the determination of the physico-mechanical properties

as well as the chemical analysis of the sands are described below.

41 MATERIALS

Only one type of cement (GHACEMY, @mdtlc@’d I.I§ e co@ir}r was chosen for this
study. Sand used by local hmldmgﬂaﬁ:’ﬂ goad‘%uﬁtﬁctﬁﬁ‘hnd ‘ordinary tap water were
the other materials used to prepare the test cubes. The sands were taken from winning

sites in ESRESO, ADAGYA AND, APUTUOGYAABOATEM all in the Atwima

Kwanwoma district in the Ashanti regions.

4.1.1 Curing equipment
The curing aluminium coniainerusad for the test had asize ﬁ_f'— 160cm by 124cm by
85cm. The container could contain almost all (about 450 cubes) at a particular

time. The temperature of the water in the container was at room temperature.

20 RS Fir) = S
20/ 07 /200 THOSS

Figure 4~1—:'-Picﬁii-é of samplesimthe curing water tank for the period of 28 days
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42  SIEVING OF SAND

An amount of 20 kg of the sand was weighed and sieved into fine (<0.5mm), medium
(£1.4mm) and rough (<2mm) pa:ﬁnics respectively. The different amount was
weighed and converted into percentages, but the sand used for the mixes for all the
sandcrete cubes were fine particles and medium particles only. Cement of fineness

2250 cm’/g and the sand were the mix design used for the moulding.

3

21
Figure 4-2: Picture of sieves ﬁﬁﬁﬂu&ﬂf ﬂ{fi mm,’ lAmm j
ry ‘d‘-\ =

The mixing and muu[d‘mfﬁme @np using natural a@’g’a@& The sand -to- cement

4 Hr'__;, 2 Hr_) _j:
ratio was 6:1 and 3:1. Ef}_ﬂ'i,

The amount of sand and cement (6 parts of sand to 1 part of cement) was measured by
volume and put in the mixing bowl. The mixture was combined in the mixing bowl
and mixed thoroughly. Then the needed water (ie.1.5 times the amount of cement

o
used) was added until it became-apaste (not too watery or the cement won’t hold
44
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together), ithmixudw:mwilhﬂtﬂndlﬂcmmmusmlmmﬂh’
|mmmbyIDﬂmwhichlhcimidcmmtdwithmlrmmymlﬂuﬂm
The mixture is put in the mould and made surc it was filled up. The mould and their
contents were then subjected to vibration for effective packing; after which the
surfaces of the sand-cement mixture was smoothed at the brim of the mould. The
cubes were taken out from the moulds after 24 hours. The cubes were divided into
two batches. One batch was put in the tank to cure for 28 days before testing for

compressive strengths and another batch was also air-dried for 28 days and tested for

their compressive strengths. K i\‘ q U S —|—

The areas for each of the cubes were taken againi after they were removed from the
moulds (though a 100 mm by 100 m.mhy 100mm moulds were used before crushing
for their compressive strengths). For each sample, three cubes were made; Sand from
each winning site: namely, Adagya, Esreso and Aputuogya wes umed )ﬁ making a set
of three cubes for sand-cement ratios 0f6: 1 and 31 bynvﬂm

The sand used in the mixes was used as- fmmﬂw ﬂ!es Th:: fine aggregates

were mixed in the pmgumﬂns 6:1,and 3: 1 h}" wnlum:: and 1hc ﬁd‘ium aggregates
were also mixed in the mum pmpﬂmons also by xoh:m:.ﬁfﬂiﬁ fine nnd medium sand
particles used in the mixes were agﬂm ﬁmﬁﬂmequﬁ‘! ratios, that is, 50% of fine and
50% of medium. The fine and medium sand particles were again formed by
combining 75% of fine and 25% of medium sand particles. They were also formed in

mixes by combining 75% of medium and 25% of fine.

e _..--""'_-_—_-_—-
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Adagya sample was washed and dried to remove organic matter and most silt content

from it and then formed in the proportion 6:1 and 3:1 respectively. The water content

was the same for all the mixes.

Figure 4-4: Picture of a vibrator

—— _,..-'-""--_._
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200 R 5

Figure 4-5: Picture of cubes being kept in the mould to be demoulded after 24hours.

4.4 CURING
This is a picture of cubes being air dried for aperiod of 28 days before they tested foe

their compressive strengths.
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45 COMPRESSION TESTS ON CUBES

Sand- Cement cubic samples (100 mm x 100 mm 100 mm) with different cement
ratio sample were used for the compression test. One side of the cube was marked
facing the movable head of the compression testing machine (Fig 4-7). The average
cross sectional area of the sides of the test sample which received the loads was
measured before the application of the loads. The movable head of the compression

testing machine was lowered until it came in contact with the test sample. The

ATy WS

movable head was lowered untilzfrﬁie fest sample Fm&:d I.‘Sandcretc blocks with
different sand particle sizes that were also formed were crushed for their COMpressive

strengths.

Figure 4-7; Picture of a sample being crushed in the compressive strength machine

(s e
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W:HWMMMMWMMIMMH:*-&HH
28 days, after which they were weighed in air. The cubes were then immersed in
muwhywmmfw:mﬂmanﬂhihnh
mwm“mwiwhmmmmm&unﬂlnﬂh
porosity was determined for the samples.

By using the water saturation method, the effective apparent porosity is a measure of

the effective void volume of a menN« wlch;iml as the excess of

bulk volume over grain volume.

Figure 4-8: Picture of a cube being weighed in air
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Figure 4-9:Picture of saturated cube being weighed in water

47 CHEMICAL TEST

4.7.1 Sulphate test

Ten grams of the sand was dissolved and agitated in 100 ml of water for about 30
minutes to leach out the m]uf:l&iﬂi}_ﬁhﬂfﬁs. The solution was filtered through the filter
paper and 10 ml of the sample was taken-and sulfaver 4 powder pﬂ_tew-waa added as a
reagent. The prepared sample-was'put in the spectrophotometer for analysis. Readings
of the sulphate content was recorded digitatty:-A spectrophotometer (model DR 2010)

was used. This was done for all the sand samples.
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4,7.2 Chloride test

Ten grams of the sand was agitated with 100 ml distilled water for 24 hours to bring

soluble chloride into solution and then filtered. One hundred m! of the fitrate solution

was titrated with the addition of silver nitrate (AgNO3) solution using potassium

dichromate as an indicator and then weighed. This was also done for all the sand

samples

CALCULATION:

Mg CI/L=(A-B) x M x 35.45 x 1000/mL sample where;
A= mL titration for sample

B= mL tritation for blank

M= molarity of AgNO;

4.7.3 Organic matter content

Twenty grams of sand sample'Was oven dried for 24 houss. Approximately 100 ml of
prepared 6% H;0, was added and stirred with the sand in a beaker, The beaker and its
content were placed on a hot plate at about 600°C for about 24 hours and covered with
a watch glass the contenis stirred wifh @ glass rod from time to.time, Al the end of the
24 hours a small quantity of H;05was added and ifiticaused Turther evolution gas
bubbles another 100 ml of H,0: was added=THe process was repeated until no gas

bubbles evolve. The sand was filtered and washed with hot distilled water, dried to a

constant weight.
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© Whb= weight of dried sand before test

- W= weight of dried sand after test
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CHAPTER FIVE

5. RESULTS AND DISCUSSION
The results of particle size analysis, compressive strength, porosity and chemical test
of the sand and sandcrete for different winning sites in the Atwima Kwanwoma

district in the Ashanti region are presented in this chapter, Esreso Red, Fsteso Plaster

and Esreso Block are names used by the sand winners for different purposes of the

sand.

5.1 SIEVE ANALYSIS
Sand from Esreso, Adagya and Aputuogya were analysed into different particle sizes

by sieving. The size particles were/Goarse (=2mm), medium (<1.4mm) and fine

(<0.5mm).

5.1.1 Esreso red

All these samples are used in the making of Sanderete blocks. By wisual inspection,
sand from esreso (esreso red) was bright brown in ¢olour,'had too much organic
matter which were mostly Weeds. Aftersicving, thie coarse (<2 mun) ywas3.70% in the

whole bulk of the sand. This.wa# net-énough for the purpaseefmaking blocks (Fig 5-

D
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5.1.1 Esreso block

These samples were brown in colour. The overall residue in Esreso red was
(20.86%). Most of the residues were mainly stones and weeds. There were about

(20%) of stones, mostly fine stones and the stones were mainly transparent like
quartz. This is the cause of the weathering of rock from which the sand came from.

Affier sieving, the medium (<1.4 mm) was (52.59%), followed by fine (22.30%) and
coarse (4.25%).

5.1.2 Esreso plaster

The sample was also brown in colour. The samiple was so fine that after sieving the
residue content was very little (0.31%). This could be seen as if there was no organic
matter in it. It was very smooth when felf in between the fingers and when sieved the
coarse particles (0.68%) were almost insignificant. The fine particles was-{76.53%)

after sieving.

particle sizes%

E%Fins
% Madium
& Coarze

=% Aesidue

samples

o - B a = 1{{. t
i TA h showing the sieve analysis of the sand samples from differen
Figure 5.0 A grap #__g______

winning sites and their relative amount in percentages
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5.1.4 Adagya rough
Adagya rough was off-white in colour. The Organic matter content was (1.08%)

compared to samples taken from Esreso. Compared to Esreso, aggregates of Adagya

and Aputuogya were much bigger in size but mostly of stones and roots of plants.

With Adagya rough, the sand had too much fine (47,56%) in it. The medium particle

sizes was (18.29%) and with the coarse particles being (5.17%) (Fig 5-1).

5.1.5 Adagya plaster

This was also off-white in colour. As the name implies the Adagya plaster which is
supposed to be used for plastering purposes was used in the making of sandcrete
blocks had its fine particles rocketing at (95 37%) compared with the medium
particles which had (2.51%) and the coarse partieles which had a quantity-af (1.04%)

(Refer Fig 5-1)

5.1.6 Aputuogya yhite

The Aputuogya sand was very white in celour ﬂ;umpared to sand from/adagya. This
was also meant to be uscd for-plastering purposes buf was being used for sandcrete
blocks. Aputuogya white sand had (56.19%)-as fine. (34.40%) as medium and the
residue (1.95%) (Fig 5.1). The organic matter content in the sand was mainly weeds

by visual inspection,
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'5.1.7 Aputuogya all purpose

M-thcmfﬁﬁpﬁﬁmﬁpnhmrﬂaupumwhuadfmmmu'
o

‘the making of sandcrete blocks, plastering, filling of pits. The fines after sieving was

 (55.57%), (32.25%) for medium and (2.14

2 : -14%) for coarse. Comparatively, Aputuogya
all purpose and Aputuogya white had almost all their particles sizes being almost the
“same (see Fig 5-1).

Out of all the sand samples, Ada laster t of fine particles
(95.37%) than any of the sands, EEK

ledst coarse particles of

reaching half of the sand used by Ghacéitr Company-for making their mortar.
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52 COLD CRUSHING STRENGTH ANALYSIS (C.C.S)

On the graphs (Fig 5-2, 5-3, 5-4 and 5-5) it can be seen that air dried samples had the

higher value of C.C.S than the water cured samples.

2500 — e
 SORTEDMEDILIM AJR - DRIED [SMAD| @ SORTED FINE AJR - DRIED (SFAD]  ® UNSORTED A -DRIED (LIAD)
20,00
15.00
&
=
@
Eﬂﬂm
5m-h ‘_.“WH
! D.m . ‘
ESRESO RED ESRESO BLOCK — ESRESO ADAGYA ADAGYA APUTUOGYA  APUTUOGYA
PLASTERING (PLASTERING  ROUGH  PLASTERING ALL PURPOSE
e SAMPLES

Figure 5-2: A graph showing the cold erushing strength of Sorted Medium Air-Dried
(SMAD), Sorted Fing Air-Dried (SFAD) and unsorted Air-Dried (WAD) for the

various sandcrete samples in the 6.1 mix.

Comparing all the samplés, the strength of UAD of all the samples ranged from 5 MPa
to 7 MPa. The disparities Were-not much. This may be attribtited 1o/the fact that a
mixture of different particle sizes in-different propartiens bind well with each other.
This is because: the smaller aggregates are able to fill in the pores in the mixture.
Samples of medium aggregates had their strength also varying in the range of as low
as 3 MPa to as high as 12MPa. This tells us that medium aggregates are able to bond

well to give high strength when mixed with cement. Samples of fine aggregates also

had their Siréngths varyimg Trom between 3MPa to 9MPa which is low compared to
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unsorted and medium samples. This can also be given the reason that small particle
sizes alone do not bind well with cement. From Esreso Plastering medium, there was
137% increase in strength over the unsorted. But generally, there was increment in

strength of the unsorted over the medium aggregates of Adagya Plastering, Adagya
Rough and Aputuogya Plastering by §7%.

25.00 ———
20.00
- :
Elﬁ.ﬂﬂ ki VXN A
= s ]
g
10,00 =
on
500 =
0.00 - —-= -
ESRESQ RER ESRESDBLOCKE  ESRESC ADAGYA ADAGYA _ APUTUDGYA APUTUDGYA
PEASTERING PLASTERING - ROLUGH™  PLASTERING - ALLPURPOSE
SAMPLES F 3

Figure 5-3: A graph showing the cold erushing strength of Serted Medium Air-Dried
(SMAD), Sorted Fine Air-Dried and unsorted Air-Dried (UAD) for the various

sandcrete samples in the 3:1 mix. .

From the graph, it can be seen that Esreso Plastéring of medium aggregates had a
very high strength of 20 MPa. Again, il can be seen that samples of medium
apgrepates have very high strengths. In the 3:1 sand — cement mix, the strengths

were very high due to the increase.in cement. The more cement in the mix, the higher

the amu;géé;ive strength because there is increase in cementation. On the average,



mmdmgleshndthcirmmpm:mmmmhﬁuumhhuwmimu
14 MPa. Fine aggregates for the samples were low compared to unsorted and medium

samples but for samples from Adagya Rough and Aputuogya All Purpose.

From the 6:1 and 3:1, Esreso Plastering (SMAD) had the highest cold crushing
strength 12.04 MPa and 20.09 MPa respectively followed by Aputuogya All Purpose
(SMAD). Generally, the sample Aputuogya All Purpose had the highest cold crushing

strengths. This can be attributed to the fact that the particle sizes were big and most
fell within the range of 1. 4mm -2 h w $

ificant amount of fines.

The samples from the site are generally rough, and sharp when felt between the

fingers. When this happens, they are able to b

vell with the cement particles.

After sieving into the medium and fine particle sizes, most of the organic matter

content which were mostly weeds and twigs wese el minated. The presence of foreign
—— =Y vl .
matter like organic substances; saltsiand undesirablc fines in sand fend 10 weaken its

: T
overall performance. Since, it 1§ impossible to get nd of all these matenals, it is

always necessary to give an indication 6,' f these undesirables in crucial

tests.

The varying compressive s g 7 ;
attributed to the make of sand. Adagya Ruugh had the highest coarse compared to all
samples taken from the winning sites. This could be due to weathering of the parent
rocks from which the sand came from. Generally, Esreso Red and Esreso Block

recorded the lowesl compressive strengths on the average because of clay suspected.
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The clay contentin the sand was done by visual inspection. (With this, samples of the

sand is griped in the palms and squeezed for a few seconds, the palms becomes sticky

with the sand this shows that clay is present). Clay and cement have binding

properties on their own but clay and cement in the same mixture weakens the strength
of mortar. Clay interferes with the bond between aggregate and cement paste. Since
good bond is essential to ensurc satisfactory stength and durability of concrete, limits
are usually set on how much clay and fine silt can be accepted in sand used for civil
engineering works.British Standards 882 specifies a clay and fine silt content of not
more than 3 per cent. Conerete newsgygpointed gutl thal [hut ang reasonable concerns
regarding unnecessary high strength. It suggests that since there's no direct
correlation between compressive strength and‘Water/cement ratio, the two should not
be combined in specifications. So the understanding of this statement is that a given
water/cement ratio will not necessarily produce the same compressive strength using
raw materials from different-sources Specifications. thal-@re strength-driven may

require a differen! amount of cement [42],

From fig 5-1 and 5-2,.it can be seen that the 3:1 mix had a higher compressive
strength than the 6: 1 mi¥, The dillcrences behﬁan the compressive-strength of mixes
is mainly due to the increase-in gément content of the-3: mix-The more cement in
the mix, the higher the compressive strengthbecatise there is increase in cementation
and :'.113::- as cement content ig increased, compressive strength also increases but also

makes the material more brittle.

The anomalies (some having high strengths and others having low strengths) in the

6:1 mixes air drying is-attributed fo the fact that the UAD for most of the samples
. 60
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were relatively high compared to SMAD and SFAD because the sand was used just as
it was brought from the sites therefore contained both fines and medium which fill
(better packing) well into pores therchy creating strong bond between the particles but
on the contrary, it contained organic matter content which were mainly weeds. When
weeds are in the mixture, they leave large pores in the sandcrete. These pores coalesce
to form large pores and thereby the low strengths when tested. After sieving into
medium and fine particle sizes most of the organic matter content were removed. The
SMAD recorded low compressive strengths for Adagya Plastering and Aputuogya
Plastering because of the type of sand, ﬂmiga':;__;_[]:-ita;:lf i§ Made up of fine particle sizes

and therefore the fines constituted greater portion of the sample.

5.2.1 Effect of sand gradation on compressive strength

Refer to fig 5-4 and-5-3, it is assumed that bigger particle sizes have a stronger bond
when mixed with cement. Since-one of the objective was to determine Wwhich size of
sand particles used to make bricks would be'strongest, il was found from the
differences in Unsorted Air Dried, Sorted Medium Air Dried and Sorted Fine Air
Dried, that larger ‘particle sizes would make the siwongest brickfrom the high

gompressive strengths results.

The sand particles between 0.5 mm'and L4 mr have the preatest impact on mortar
properties. It is again noted that most variations have little impact on strength in both
air drying and water curing. Water demand for cubes increases when finer material is
increased substantially or when coarser material is remo ved. With cube water content,

the effects of sand changes on the water needed for the correct flow of mortar to make

e d_'__.__,..--'-‘_
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cubes. Sitﬂﬂﬁﬂnﬂﬂﬂtlﬂ&ﬂtﬂlmrpmﬁm of fine sand particles increase the
wmdemand.Thcmnmﬁﬂfmiﬂbcaddndmm:mhisniﬁmlkmw'mlﬂm
the drier the mix, the stronger their result, Water is usually 1 to 1.5 times the volume

of the cement,

 SORTER-MEDIUM SAMPLES {WE)  m SORTED-FINE SAMPLES (WE) & UNSORTED SAMPLES W)

18.00
16.00
14.00




= SORTED-MEDRIM SAMPLES (W)

z0.00 B EOATED-FINE SAMPLES (WC) 8 UNSORTED SAMPUES (W)
18.00
| 16.00
14.00 |
12.00 — - o)
=
= 10.00
% 800
E 6.00
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200 —
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BHEUIED ESRSOBMOCK  ESAESQ ADAGYA ADAGYA__ APUTUDGYA APLTUOGYA
PLASTERING /F PLASTERING ROUGH PLASTERING  ALL PURPOSE
SAMPLES |

Figure 5-5: A graph showing the cold crushing strength of Sorted Medium Water-
Cured (SMWC) and Sorted Fine Water-Cured (SFWC) and Unsorted Water-Cured

(UWC) for the various sandcrete samples in the 3:1 mix.

5.2.2 Water curing analysis

From the graphs (as shown in Fig 5-4 and Fig 5-3), Adagya Plastering and Aputuogya
All Purpose proved'fo have highest compressive Strength in the 6:1/mix but this time
for water-cured. For the same reason given for air-dried; the-samples from the sites
were generally rough. The particle sizeés were rough when felt between the fingers.
The highest compressive strengths for Adagya Plastering and Aputuogya All Purpose
can be attributed to the size (big sizes) of the sand particles as brought from the sites.

This affirms the fact that larger particle size makes the strongest bricks.
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anomalies | i
i 1es in the compressive strengths from the various samples can be

attributed to the weathering of their parent rock, For instance, Esreso Plastering and
Aputuogya Plastering have low cold crushing strength because of their particle sizes
being fine which should be used for plastering purposes rather than for the making of
sanderete blocks. Esreso Red, Esreso Block and Esreso Plastering did not really have

any high cold crushing strength due to the presence of clay. This was done by visual

inspection. These are all samples taken from Esreso.

the 6:1 mix water cured. This is due to the reason that, the increase in the
concentration of cement is accompanied by an increase in the c.c.s It will be noted
from the trend of these graphs that in“most'of the sandcrete an increasc m cement
content initially increases the compressive strength and this increase will get less
rapid at higher concentrationsof cement because oo muich coneentrations in cement

makes the cube brittle [18].

The development of strength with the same-concentration of cement fordifferent sand

is different and this is influenced by the grading and the minerdl gemposition in sand.

With the effect of age on the development of strength, the sandcrete samples cured at
a constant room temperature showed that sandcrete strengths progressively increases

after 28 days curing. Also, sand having no organic matter would normally go on

incraaging_'_i:ﬁ strength wilﬂlygm._
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33 AIR DRY AND WATER-CURED COLD CRUSHING STRENGTH

ANALYSIS FOR 6:1 SAND- CEMENT MIX

From the graphs, it can be seen that air dried samples had a high cold crushing

strength (ccs) than the water-cured samples. This is because less water 1s needed for
cementation to occur. A lot of water weakens the sanderete and this could be the
reason why most sandcrete bricks spall under water. And another reason is that
samples are cured in water which is believed to give the weakest of results so
naturally from the experiments air dried samples were 1o give higher results than
water cured samples, The behaviour of strmgih'-. flmctuation is generally attributed to

the mineralogical and structural changes which take place during curing,

54 AIR DRY AND WATER-CURED COLD CRUSHING STRENGTH
ANALYSIS FOR 3:1 SAND-CEMENT MIX

From the graphs, it can also be seen here again that air dried samplés had a high cos

than water cured samples. The Highest ces for themedium sample for air dried was 20

MPa compared to 18 MPa for medium samples for water — cured though they are of

different sand samples. (Refer Fig 5-3 and Fig 5-5)
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Figure 5-6: A graph showing the cold crushing strength of samples in different

proportions.

Samples having *H' attached to it are samples of equal proportions that is, equal
proportions of medium and fine aggregates. From the graph (Fig 5-6) it can be seen
that, when the medium and the fine aggregates were mixed together in equal
proportions for the 6:1 mix, their strengths were low compared to the 3:1 mix which
were very high. This'ean be explamed with the reason that, there was'more cement in
the 3:1 mix. It can also be-récommended that, when equal-amonnt of fines and
medium aggregates are mixed, the_concentration: of cement should be increased.
Surprisingly, when the aggregaies were mixed in difterent ratios for samples from
Esreso, the 6:1 mix recorded higher strengths than the 3:1 mix. Fine aggregates fill in
the pores in the medium aggregates thereby giving it high strengths. It can be

concluded that equal proportions of fine and medium aggregates in 3:1 is much
i ™ __'_'_‘_'__..-——-—'_'_



desirable because it gives higher strengths which is the requirements of many

structures.

55 POROSITY ANALYSIS

| WL MK
‘ 16 I MIK |

ESRESCRED ESAESOBLOCK  ESRESO ADAGYA CADAGYS  AFUTUDGYA  APUTUOGYA
FLASTERING ~ PUASTERING ROUGH  (BLASTERING  ALLPURPOSE
SAMPLES

- — e —

Figure 5-7: Graph showing the various sandcrete samples (unsorted) and their

porosities for 3:1 and 6:1 mix.

From Fig 5-7, it can be deen that, the.6:1 mix had a hlghﬂfmﬁyﬂ'ldn the 3:1 mix
for the unsorted samples just as it-was brought from-the site. This is due to the
increased hydration of cement paste in the 3:1 mix, caused by increase in cement
content. The nature of the C-S-H in cement reaction process leads to efficient pore-

filling and consequent enhancement of mechanical performance (low porosity pastes

are strongef than high porosity pastes).
= o ’_H_'_____.__-——-—'_
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sﬁl],fmmﬂlegl'aph[FingudS*ﬂ.itmnlmbeuenthnwmmmm
are sorted into fine and medium, the 6: 1 mix of the fine samples gave high porosity
than the 3:1 mix.

5.5.1 Medium samples

The cement paste formed by the hydration reactions always contain interconnected
pores of different sizes. Larger pores of dimensions up to a few mm are the result of
the air entrapped during mixing and ngt ved by compasi fresh concrete, Air
bubbles with diameters of about D.ﬂmuus:liuced in the cement

paste intentionally by means of air-entraining admixtures so as (o produce resistance.

Both capillary pores and entrapped air arg relévant to the durability of concrete and its
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From Fig 5-9, itmmmmtwwmmquﬁr!: 1 mix
and also recorded a low porosity for the 6: 1 mix with the exception of Aputuogya All
Purpose F. Thisishecaus:themdwasgmcraﬂymugh[hadmmmnfmmin
materials) in nature, therefore even its fines would have their particles sizes having

rough ends. The same applies for Aputuogya All Purpose F both mixes.

From the graph, it can be seen that Aputuogya Plagtering M.j 6:1mix had a very
high porosity. The only reason :nkhNUe ls::l tl‘ compaction. The
compaction left too much loose pores. Surprisingly, Aputuogya Plastering M in the

3:1 mix has a low porosity of 5847145 compared to that of Aputuogya Plastering M

5.6 CHEMICAL
The results of the tests for sulpha te and chloride contenis the three sand samples

are presented here. The test results arc given in‘the table 5-1. The sulphate content in

of 4 mg/L. The maxihum-chlonde S mg “entained in the

ESRESO sample.

Some soluble salts may cause efflorescence in mortar OF adjacent concrete or
masonry, corrosion of reinforcing steel or embedded metallic items (if such are used)

or disin_ugﬁé;ﬁbn of ﬂia"m___a_si__._ﬂffhﬁ mortar. Permissible levels of soluble salts are
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generally expressed as the proportion of the relevant ion present in the mortar by mass

of mortar or by mass of Portland cement. Sulphate can result in the loss of strength of

bricks and concrete, or cracking of concrete. Cement type and mix proportions are

keys to the resistance of mortar and concrete against chemical attack.

The chloride ion content of sand determined quantitatively in accordance with AS

1012.20 should be reported if in excess of 0.01 %. A combination of sands where the

total chlonde salt content (expressed as GLJ exceeds i) 94=4gheuld not be used in
reinforced mortar or mortar in contact with embeddedmetallic ftings. A combination
of sands where the total chloride salt content gk@eeds 0.15 % should not be used in

plain mortar.

The sulphate ion éofitent Gf sand determined guantitatively in accordapee with AS
1012.20 should be reported-if in eéxcess of 0.01'%4: Sand should net be used which,
when tested in accordance with AS 1012.20, contain sulphates (expressed as SO;) in
proportions which result in the sulphate. content ol the mortar exceeding 5.0% by

mass of Portland cement.

From previous tesis done at Brri, CSIR in Kumasi, it was found out that wherever
sulphates were predominant, chloride was also predominant. High amount of

sulphates and chlorides were high in areas which were densely populated and in the

mining areas.
o J_,_,_.---"_-_-_ 3
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From the tests conducted it can also be concluded that, since the chloride and the
mﬂphate:nnteutinlhesandswmmtmupmum-mizﬂm:amummquimdbr
ASTM, it could not have affected the strengths of the sandcrete blocks in any
significant way.

Table 5-1: A table of the various sand (unwashed) and their chemical contents

UNWASHED SAND

KINUST e

TEST ADAGYA ESRESO | REQUIREMENT

TOTAL CHLORIDE,mg/L. | 0.03

0.065 | <500 mg/L

TOTAL SULPHATE ,mg/L <500 mg/L

Table 5-2: A table of Adagya sane | (washed) a1 e P27

WASHED SAND - =
=z — N
TEST pAG'A [M-REQUIRF ,
TOTAL CHLORIDE,mg/L {00151
TOTAL SULPHATE ,mg/L | 0.02 <500 mg/L
ORGANIC MATTER % | 2.5 <10 %
—— --F-'_- _'_,_.--""--_-__._._
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5.6.1 Organic matter

Traces of organic matter were detected in all the various sand samples. Since not all
organic matter may is harmful, it is usual to check its effect by making actual test
cubes and comparing the strength with mortar cubes of the same mix proportions but
known quality. In this analysis no standard cubes were made but strength of cubes
using the tested sand are compared with strengths usually specified for concrete works
in civil engineering contracts. The type of impurity can also affect the cement
performance and limits have been established for clay and organic material content of
1.2% and 0.2% respectively. The limitsfor prganicicontent,are permitted to be relaxed

to 0.50% where ‘adequate’ tests and practical experience have shown it to be suitable

for use in cement.

5.6.2 Results of test.of washed Adagya sand

The results of the tesisfor sulphate and chloride confents for the washed sand was
very negligible compared to that of the inwashed ADAGYA sand! The organic matter
detected was also very negligible. It can‘also be concluded that when the sand is
washed before used;t-eliminatcs so many undesisable matter from the sand. This can

be seen from the results of the washed Adagya sand.

CONCLUSIONS

From the findings in this project it can be concluded adequately that sand used 1n
sandcrete and other products should be free from chemicals like chloride and

sulphate:” ‘And also, the constituents in the mixture should be used in the nght
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proportions to attain the maximum strength required for the purpose for which it will
be used. It can also be concluded that when the sandcrete blocks are made, there
should be maximum packing of the grains to eliminate voids which reduces strength.
It is recommended that sand won in the Atwima Kwawoma Distict in the Ashanti can
be used for sandcrete only if the coarse aggregates outweigh the fine aggregates and

also sand to cement ratio used for the pufposé of sandcrete 'should be 3:1.
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APPENDICES

APPENDIX A

BS 1377

9 Determination of particle size distribution

9.1 General

Two methods of sieving are specified. Wet sieving is the definitive method applicable
to essentially cohesionless spils. Dry sieving is suitable only for soils containing
insignificant quantities of silt an@{clay.\Tw@ methods of determining the size
distribution of fine particles down lo the clay size by sedimentation are specified,
namely the pipette method and the hydromieter method, in both of which the density
of the soil suspension at various intervals is measured. Combined sieving and
sedimentation procedures enable a continuous particle size distribution curve of a soil

to be plotted from the size of the coarscstparticles down to the clay size.
9.2 Wet sieving method

9.2.1 General This method eovers the quantitative determination of the particle size
distribution in an. essentially cohesionless-soi;~down o the/fine gand size. The
combined silt and clay fraction-can be obtained by differénee* The procedure given
involves preparation of the sample. by wel Sieving foremove silt and clay-sized
particles, which are rejected, follcrwed_h}r dry sieving of the remaining coarser
material. If the soil does not contain particles retamed on a 2 mm test sieve in
significant quantity, the method specified in 9.4 or 9.5 can be used. The requirements

of Part 1 of this standard, where appropriate, shall apply to this test method.
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9.3 Dry sieving method

9.3.1 General. This method covers the quantitative determination of the particle size
distribution in a cohesionless soil down to the fine-sand size. This method shall not be
used unless it has been shown that for the type of material under test it gives the same
results as the method of analysis by wet sieving. In cases of doubt the method shall

not be used. The requirements of Part 1 of this standard, where appropriate, shall

apply to this test method.

9.4 Sedimentation by the pipette method

9.4.1 General. This method covers the quantitative determination of the particle size
distribution in a soil from the coarse sand size to the clay size (about 2 pm). (See
note.) The procedure enables the pereentages: of goarse, medium and fine silt, and
clay, to be determined..These percentages can be linked to the curve abtained by
sieving to provide a sifigle ciirvefor the whole material, The-analysis of data requires
that the particle density of the soil specimien is known or can be assumed. The test as
specified is not usually necessary it less than 10 % of the material passes the 63 pm
test sieve as specifiedn 9.2.

NOTE If the sample has‘bgenrwetsieyed down to the 63 fim-test sicve size then only
the material passing the 63 pm test.sicve'nieed Be used to carry out this test, thus
eliminating the necessity of repeating m;:_datcnninatiuns of the same fractions. The
requirements of Part 1 of this standard, where appropriate, shall apply to this test

method.
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APPENDIX B

BS 882
5 Grading

5.1 Coarse ﬂggregam

When determined in accordance with BS 812-103.1 using test sieves of the sizes

given in Table 3, complying with BS 410, full tolerance, the grading of the coarse

aggregate shall be within the appropriate limits given in Table 3.

5.2 Sand
5.2.1 General

When determined in accordance with BS 812-103.1, using test sieves of the sizes
given in Table 4 complying with BS™10, full tolerange, the grading of the sand shall
comply with the overall limits-given in Table 4. Additionally, not more than one in
ten consecutive samples shall-have a grading outside the himits for any one of the

gradings C, M or F, given i Table 4.

5.2.2 Heavy duty concrete floor finishes

For heavy duty concrete floor finishes, the-sand shall comply with C or M given in

Table 4.
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Table 4 - - Sand

Sieve size Percantage by mass passing BS sieve
Overall limles Additional limits for grading

= = M F

10.00 min 100 = s =

.00 mm 80 ro 100 - =2 =

2.36 mm 80 to 100 60 to 100 63 to 100 S0 to 100

1.18 mm 30 1o 100 30 to 80 45 to 100 70 to 100
600 pm 15 to 100 16 to 54 25 to &0 55t 100
300 pm 3to 70 5o 40 b to 48 3to 70
150 pm O to 15 = - =

NOTE Individen] sands way comply wich the requirements of more then one grading Alrvmanvely some sands moy sarisfy che
overall limats but may not fall within sy one of the additional Lmits C, M or F. In this caze and where sands do not comply wath

Table 4 an agreed prading envelope may ales be uzed provided that the supplier con satsfy the purchazer that such matenials can
produce concrete of the regquired quality

* Increased to 20 % for cruched rock fines, except when ther are used for he iRy duty dects,
5.3 All-in aggregate

When determined in accordance with BS 812-103.1 using test sieves of the sizes
given in Table 5 complying with BS 410, full tolerance, the grading of all-in

aggregate for concrete shall be within the approprate limits given in Table 5.

83




Table 5 — All-in aggregate

Fisve wre Prrcentags e mass pasung BY sievee ier meounal sires
Al i 8 mam 10— ¥ m—
50.0 mm 100 = gre= .~
375 mm #3 1o 100 100 — =
20.0 mm 45 10 8O 85 1o 100 - -—
14.0 mm - — 100 f=—
10.0 mm — — P4 te 100 100
5.00 mm 25 1o 30 35 to 53 50 e 83 i0 e 100
2386 mm — - 20 to 30 23t 100
L.18 mm — —_ 15 ta 40 15w 4%
800 pm 8 vo 30 10 w0 35 1010 30 31023
300 pm — — B 18 S0
150 pm 0 to 5 0o &6 0o &% 0w ld
i el ey e
KNUST
."'"ﬁg

When determined in accordance with 7.2.1 i:f'm 812-103.1:1985, the amount of

material passing the 75 _m sieve shall mmndﬂp ﬂnlmcs given in Table 6.

Table 6 — Fines

i ..:._

a\..' o
o

AW*I*W

J v

Aggregate
Crushed rock aggregate.

Uncrushed, partially crushed, MMMW“

e
B ‘r{ ".J

Gravel all-in aggregate
Cmihad pock all-in ageregate

] LLLIES

Uncrushed, partially cryshed oc crushud M
Crushed rock sand o,

- :‘J
¥ O SANE HC’

ven above are

nature aggrepates
L'szﬂwmmﬂuummﬂmdmmhmdmm

T 7
'fﬁﬁ‘ggmm/mw duty floor finishes)
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APPENDIX C

COLD CRUSHING STRENGTH (CCS) VALUES FOR AIR DRIED SAMPLES

FOR 6:1 AND 3:1 MIXES

SORTED MEDIUM AIR - DRIED

ESRESO RED

ESRESO BLOCK

ESRESO PLASTERING
ADAGYA PLASTERING
ADAGYA ROUGH
APUTUOGYA PLASTERING
APUTUOGYA ALL PURPOSE

SORTED FINE AIR - DRIED
ESRESO RED

ESRESO BLOCK

ESRESO PLASTERING
ADAGYA PLASTERING
ADAGYA ROUGL
APUTUOGYA PLASTERING
APUTUOGYA ALL PURPOSE

UNSORTED AIR-DRIED
ESRESO RED

ESRESO BLOCK

ESRESO PLASTERING
ADAGYA PLASTERING
ADAGYA ROUGH
APUTUOGYA PLASTERING
APUTUOGYA ALL PURPOSE

STRESS (MPa) FOR 6:1

574
8.8
1204
445
300
276
166

STRESS(MPa) FOR :1
455
543
236
51
4,24
3.6
0,45

STRESS (MPa) FOR 6.1
662
197
506
137
5,54
45
6,58

83

STRESS (MPa) FOR 3:1
14.64
1280
2009
18.94
1651
13.64
18,73

STRESS (MPa) FOR 3:1

6.13

8.6l

5.43
15.34
1087
11.24
1722

STRESS (MPa) FOR 3:1
12.88
11,84
13,61
13.96
11.34
13.03
941



APPENDIX D

COLD CRUSHING STRENGTH (CCS) VALUES FOR WATER CURING
SAMPLES FOR 6:1 AND 3:1 MIX |

SORTEDMEDIUM ARDRED ~ STRESS (WP) FOR6:

STRESS (MP2) FOR 3:1
ESRESO RED 191 1000
ESRESO BLOCK 578 9.32
ESRESO PLASTERING 432 1.15
ADAGYA PLASTERING 7.60 18.90
ADAGYA ROUGH (n 15.74
APUTUOGYA PLASTERING 4 44 1744
APUTUOGYA ALL PURPOSE 104 748
SORTED-ANEAIR-DRED STRESS (MPa) FOR 6:4 STRESS (MPa) FOR 3:4
ESRESO RED 12 5,88
ESRESO BLOCK 3.04 861
ESRESO PLASTERING 32 4
ADAGYA PLASTERING 6.1 1243
ADAGYA ROUGH 4% 991
APUTUOGYA PLASTERING 381 833
APUTUOGYAALL PURPOSE &2 1735
UNSORTED ARDRED STRESS (MP#) FOR 6.1 STRESS (MPa) FOR 3:1
ESRESORED 453 778
ESRESO BLOCK 274 Bet
ESRESQ PLASTERING 348 1943
ADAGYA PLASTERING 480 10.80
ADAGYA ROUGH 333 708
APUTUOGYA PLASTERING 866 9,08
APUTUOGYA ALL PURPOSE 457 {105
— d_._._,d.--—'—-"_'_ =
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APPENDIX E

COLD CRUSHING STRENGTHS (CCS) OF EQUAL PROFPORTIONS OF FINE
AND MEDIUM AGGREGATES OF SAMPLES

SAMPLES STRESS (Mpa) FOR6:1  STRESS (Mpa) FOR 3:1
ADAGYA GRAVELSH 927 2135
ADAGYA PLASTERNGH 8.3 1956
ADAGYAROUGHH 142 1153
APUTUOGYAWHTEH 7.5 17,88
ERES0 BLOCKH 831 360
ESRER0 BLOCK M. 2F 885 3.35
ESRES0 BLOCK2M 4F 8.24 468
— Ja———
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APPENDIX F

VALUES OF POROSITY FOR UNSORTED SAMPLES FOR 6:1 AND 3:1 MIX

SAMPLES
EREORD

ESREXD BLOCK
EREDAASTERING
ADAGYA PLASTERING
ADAGYA ROUGH
APUTUOGYA PLASTERING
APUTUOGYA ALL PURPOSE

6:1 MIX
1333946642
12.1751026
12.88848263
1287534122
12.074443%4
8.088726110
81804404382
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3.1 MIX
1022522523
8.676005425
9.7048300%4
11.84636742

10.0228833
1.998192499
9.062218215



APPENDIX G

VALUES FOR POROSITY FOR SORTED MEDIUM SAMPLES FOR 6:1 AND 3:1

MIX

SAMPLES

EREDOREDM
ESRES0BLOCKM
ESRESOPLASTERINGM
ADAGYA PLASTERINGM
ADAGYA ROUGH M
APUTUOGYA PLASTERING M
APUTUOGYA ALL PURFCEEM

6:1 MIX
16.22727213
1485765125
1164383562
1343216332
0833795014
45 27630661
8329560887
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3:1 MIX
1040178571
1447016919

5701754386

10.63408885
5.366726297
5.847145488
7.637338097



APPENDIX H

VALUES OF POROSITY FOR SORTED FINE SAMPLES FOR 6:1 AND 3:1 MIX

SAMPLES 6:1 MIX 3:1 MIX
EFESOREDF 15.76837 15.87085
EREOBLOKF 18.42105 15.86207
ESRES) PLASTERINGF 17.30856 11.94232
ADAGYA ROUGHF 12.79279 8699552
ADAGYA ROUGHF 13,6980 9.968708
APUTUCGYA PLASTERNGF 18.83482 2115541
APUTUOGYA ALL PURPOSEF 12.25033 1043711
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