INVESTIGATION INTO THE USE OF PERIWINKIE SHELISAS LIGEHWEIGHT
AGGREGATE FOR CONCRETE CONSTRUCTION

BY

BUKATA, OTEJRI BENJAMIN

A THESISSUBMITTED TO THE POSTGRADUATE SCHOOL AHMADU BELLO
UNIVERSTY, ZARIA, IN PARTIAL FULHLLMBNT OF THE
REQUIREMENTS FOR THE AWARD OF THE MASTER
OF SCIENCE (M.Sc.) IN CONSTRUCTION TECHNOLOGY

DEPARTMENT OF BUILDING
FACULTY OF ENVIRONMENTAL DESIGN
AHMADU BELLO UNIVERSITY, ZARIA

OCTOBER, 1989



DECLARATION

I, BUKATA, O.B, hersby declare that this thesis is purely
the record of my own work and hes not been presented anywhere

for a higher degree,

ALl sources of information have been acknowledged in the

references at the end of the thesis,

Ta NIMIN

QCTOBEHR, 1909
Date




DEDICATION

This tvesis is dedicated to my parents:

CHIEF JOEN GESIMISI BUKATA
»ID

MRS. ALICE OTITI BUKATA

iLl



CLEYIFICATION

This thesis entitled investigation into the use of periwinkle
shells as lightweight aggregate for concrele conciriction, by Bukata
Otejiri Denjamin meets the regulations governing the award of degree
of Master of Science (in Comstruction techrology) of Anmadu Eello
University, and is approved for its coniribution to krowledge and

literary presentation,

S Dates

Chairmman, Supervisory Committee
Member, Supervisory Committee Dates
Dates

Menber, Supervisory Committee

;"‘K"‘M"( Dates '?-'L/’ 3/ €9

Head of depariment

/ Dates&f%br/ﬁ’o

Dean, r‘oztétrﬁdﬁ.a-%m-al

v



ACKNOWLEDGEMENT

I would also like teo appreciate particularly the concern,
encouragenment and advise of Mr. D. A. Cgpe and Mr. K. Almiuwu of the
Department of Building under whose supervision this project has been

made a reality.

I also acknowledge the help rendered by the head of department
as well as other lecturers within the department. This has made

possible the successful completion of this work.

My coursemates and friends like Ibrahim Zubairu, Garuba Magaji,
Paul Ckolosi, Jephter Ighoradha and a host of &other friends who helped

one way c¢r the other in writing of this project.

I thank my parents for their persistent prayers and financial

provision all through my childhood till present,

In addition to my thanks, I am also indebted to Professor and
Mrs, Inikori of the Department of History, who acted as my quidian

thfoughout my stay here in Zzaria.

And last but not the least, my thanks to dMr. David Kufana who

effected a peerless typing of the original mamuscripte

May God be with them ia all theilr endeavour in Jesus Name, Amen,



ABSTRACT

With the high cost of construction materials coupled with the
need for adenquate housing in Nigeria, the need to investigate the
possibilities of using other forms of local bujlding materials

becomes eminont,

This thecis investigated the properties of lightweight concretbe
made with periwinkle shells.

The elemental analysis performed on the shells using the neutxon

energy,
generator (14 MeVy indicates the presence of magnesium, calcium,
silicon, potassivm and annihilation,

The compressive strength of the shells were obtain using two
mixes, the maximum compressive strength obtained foxr 7, 14 and 28
days were 18.2, 21.9 and 23.6 N/mm2 respectively,

The tensile sirength were between 1/16 =~ 1/12 of both mixes and
this is within the range of 1/20 -~ 1/8 of the Cube Crushing Strength
(as given by Murdock 1968),

The bond ntrength test carried out shows that the Material can
effectively be used for a reinforced concrete construction the bond
strength ranre is between 3.71 ~ 5.3 N/mmz, about 18% lower than that
for normal concrete of between 10 gnd 12mm diameter plain and
defommed bars,

The concrete made with Periwinkle Shells is of medium weight in
terms of density, armd adequate for Construction, since the unit
weigth is gbout 1911 - 1967kg{m3, compared to the range of nomal and
lightweight concrete of between 23546 ~ 2553ng/m3 and 400,5 =

1850kg/m3 regpectively,

The statigtical analysis perfomed aon the cubes strength shows
that the deviation in strengths of test cubes are within the limits

vermitted,



Finally, from the test result carried out, it can be sald
that, the uge of perwinkle shells as a building material for
construction is comparable with other building materials like

gravel and crushed brick/stone for construction work,
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CHAPTER ~ ONE
INTROLUCTION
Tel  GENELAL  IPaQCUTION

In recent years, there has been an increase in the usge of
lighter materials for %he constructicon of building works,

A Variety of factors, in addition 1> research work and
operational enterprise, have led to the gradual acceptance of
lightweight concrete as a common place building materigl, for
example, there is a growing need in built-up areas for the
reduction in lhe dead weight of tall buildings, widespan concrete

girders, rocling construction and spatial structures generally.,

Az lighlweight conerete can be made with a wide range of
specific charsctoristies, there ie anple scope for its selective

use in modern tuilding congtruction,

Orchard (1956), Froclaimed that Tightweight concrete falls

into several calefories according to variation in physical

properties, In ibis regard, the bulk density ranges between %%

. 3 T e -
L00.5 = 1850ke/m”, Z %
T,
Taylor {1977), found that the drying shrinkage varies from . ’C'--
less than that of ordinary concrete to several times more, ol
?J
4

.Simila.rly the insulating value was found to mn from three to
over twelve times that of ordinary concrete,

Lightweight. concrete also can be mamfactured not only on account
of its lightweight, but also because of the high thermal insulation

compared with normal concrete,



Orchard (1958), Proposed three methods of producing lightweicht
concrete,
i, By omitting the fine aggregate, this called 'no-fines!
concrete,
ji. By using alr as an aggregate and producing what is generally
known varicusly as "aerated, celiular, gas, perous and feamed
slaqgnm Concrete.

iii. By using a lightweight aggreqgate.

This reseafch is concerned with the use of "periwinkle shells®
as aggregates for the production of lightweight concrete,.

The Periwinkle Shells constitute a great disposal problem in
areas in areas where they are found., Presently they are mostly used
in £illing depressions in roads and in ralsing embackment on river
banks.

In cxrude form periwlnkle shells are alse used locally for strip
foundation, floor screed and lintels in building in the riverine
areass However tests have not been carried out to determine the
¢haracterstics gnd suitability for other application.

The physical properties of the periwinkle shells were determined,
and element analysis was made to establish their composition.

Concrete mixes were designed and produced. The compressive
strquths cf the mixes were determine at the ages of 7, 14, and 28
days. Test were also carried out to determine the tensile and bond

strengths the mixes.



1.2 MEED FCR THE STULY

The study of periwinkle shell as a lightwelght aggregate is
necessitated by the high cest of housing construction. Some building
materials are very expensive for example a large quantity of Lhe
cement used for the Construction is imported from abroad, kven the
ones manufactured locally are costly because most of thelir components
are imported, Crushed stone which is extensively used as course
aggregate, for construction is expensive, because the machinary to

work with are brought from ghread, in addition to their high cost.

since construction with materials like crushed stone, is costly,
the introduction of materials like crushed bricks, periwinkle and
palm Kernzl Shell, will generally lead to a reduction in cost eof
construction,

and lastly to check on the strength of concrete made wiilh
perivinkle shell as an aggregate cast to cubes, and to ascertain if

it is within the permitted range using statistical analysis.

1.3 CBIECTIVES

The objectives of this study are:
1} To find out if periwinkle shells can be effectively uged as
an aqgregate for concrete.
ii) If it can be used in combination with steel rod for reinforced

concrete,
1.4 METHODOLGGY
Trial mixes were produced using different. water/Cement ratioc

to determine the optimate water/cement ratlo cubes were cast for

each trial mixes amd tested for compression strength at the ages



of 7, 14 and 28 dayse The water and cement rasiio for the mix that
gave the highest strengih waze adopied for the design of the final
mix,

The rixes wore tased on the structural use of reinforced concrete
in Buildings British standaxd CF 1143 Part 23 1969. The mixes designed
were 131333 and 1:2tl4. Ninety cubes and Twenty four cylinders were
produce for each of the mixes, The cubes were bured and tested for
compressive strength at the ages of 7, 14 and 28 days. While the
split tensile and bond strengths test were carried out at the age of
20 days only.

Statistical analysis were performed on the results of the
corpressive strengths obtained for the cubes at the ages of T, 14

and 28 days to ascertain the vhriation in strength. . ]“

1.5 SOOFE AND LINITATION

The study of this material ertails a broad investigation inte
its use as a materia for cencrete production that can be used in
a similar way as crushed stones and gravels for building works.

In this research the tects performed include those for deter—
mining the physical properties of the periwinkle shells for
establiching itc suitability for concrete production, Such tests
irclude, Sieve analysis, S:ecific grevity, Bulk density, pozosity,
Absorption and coistire content, The concrete produced witnn the
Perivirkle Shells wes tegted for conrresmsive and tensile strencths,
Tests were also carried oui to detemiuine wie compressive, tensile
and bond strength of the concrete, Linited facilities 4id not allow
tie determination of such proserties as drying saxiniiage znd

rolgture penetration,



CHAPTER TWO
LITERATURE REVIEW

2.1 PERIUINKLE SHELLS

The periwinkles found in the delta areas of Nigeria, has a

heavy, squat, Conical shell with slx or seven whorls, a pointed apex,

and rounded aperture, it may reach a length of 3.8 cm and above,

Acgording to Encyclopedia americana volume 21 (1966), they
belong to the family LITTORINIDAE. They are widely distributed shore
snails Chiefly herbivovous usually found on rocks or pilings between
high and low tide markse.

During breeding the periwinkles often move out of water for a

long period of time, they hold their eggs in a broad Sac until the
young and fully develop ones, emerge as tiny crawling replica of the

adult. (Encyclopedia Britannica, Volume 17, 1969},

Periwinkles are an important source of food for the poorer
¢lasses in riverine areas of Nigeria. In these areas the snails are
usually boiled in a small amount of heavily salted water (the salt
tends to loosen the animal from the shell) the meat is then used in
preparing food, They are called by varicus names, the urhobos

called it Imekpe, Ibos called it Isam, Calabars called it Mfi etc,

.The shells of the animals are usually spread on the surroundings
of ﬁouses, used in f11ling depression and pot holes'on roads in areas
around the riverine areas. However, in some towns in Rivers and
Bendel States a limited amcunt is used for preparing concrete for

houses and roads.
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An actual specimen of the aggregate is shown in plate «+1 pelow.

Plate-1 PERIWINKELE SHULLS

-




2.2 CHARMCIEKRISTICS OF LIGHTWEIGHT CONCRETE

Neville (1973), states that: the essential characteristics of
lightweight aggregate is its high porosity which results in a low

apparent specific gravity. This results in the production of

lighter concrete with a reductien in the weight structures.

Some lightweight aggregates occur naturally while others are

manufactured, the natural agyregate includes punice, scorias, palm
kernel and saw dust z.t.c. while the artificial aggregates which
are known by a variety of trade names, but are best classified on
the bases of raw materials used includes expanded clay, shale, slate,
clinker, fly ash or pulverized-fuel ash and experxied Llast -

furnave slage

2.3 PRCPERTIES CF LIGHTWEIGHT CONCKELE

The Chief properties of lightweight concrete are;-
i) Sound insulation
ii) The ease with which it can ve cut, nalling and Rendering
i1i) permeapility and resistance to weathering
iv) Thermal cConductivity

v) Durability

2+3.1 SOUND INSULATION

Lightwelight concrete which are unrendered are often used for
internal walls because they are believed to have good sound absorbing
qualities. They reduce the transmission of souiid depending on the

weicht and size of concrete block.
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2032 The Ease With Which Tt Can be Cut, Nailing, And Rendering

With the exception of ne-fines concrete all lightweight
concrete can be casily cut with normal briddlayer's tools,
Brograves for pipe runs ctce,, can also casily be formed and they
will accept and hold nails of all type to provide a good key for

rendering.

2.3.3 Pormeability And Reslstanse Lo Weatheri

Lightweight concretes have a low permcability although,
Yo
it is pormal to protect them by rendering if they arc used in

exposed position,

Orchard (1958} was of the view that somc of them have a
good resistance to weathering and frost action, but in wet
climate, they are seldom used without adequate proteotive
rondering, since their thickness can be increased tc emhance

the water exclusive abllity,

2e3s Thermel Conductivity

Thiq:fhe ability of materials to conduct heat, Taylor

v

{1977) found thats In lightweight couerste the thormal conducti~

vity is related to its unit weight amd minerelogical composition
and proportion of lightwuight agpregate in the concrete,

Values for oven~dry materials axre listed in (Table 2,1),

Xt inercases considerably as the moisture content

increases. Goated oxpanded clay aggrewate inpregnated with

R Lo



.
bitumen improves inculotion under damped conddtion,

Zable 201 qpmiAT, CONDUCRIVIZY (TATIOR 1977)

Thermal Conductivity Bk Density, Dry
K _Qi/1’ey (Km/ﬁ%l"
QB = 1,27 1900
0e35 -~ 0,61 1600
0427 ~ Q.52 1300
0,18 ~ 0u.36 1000
013 = 0,22 700
0.07 = Q1% 400

235 Durebiliny

Iaghtweight concrote can be durable, whon proporly desigucds
Paylor (1977} feund thatt It resist detoriovntion as denge
ordinary concrete and aloo if sovercd adequatcely, it protects

the corrosion of nmtecl reinforecomoent.

Kenneth (1979) states that, lightweight concrete that is
well compagted tends to coarbonatc to ordy o small oxtent then
ordinory concreic, And duc to its vesicular nature, the coneruvhe
has a high resistance to frost actions The abrosion resistance
of.lightwcight concreteo, which is lees than dense conercte mokes

" it quitc sufficicnt for bridge decks,

Taylor {1977) was of the opinion thnt, the fire protection
value of lightwedght concrete is pordiculorly advantagecous in pigh
rise tilding construction. The fire rosictonce of a 100mn
thick lightwcicht conerete having oxpondode~shole as agpregate

is approximately the same es 150mm thickuesa of ordinary concretc.
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Fipure 1, shows tho relationship of fire rosistance amd thickness

of concroete,

Elggge 1

Relationship of Fise Rogisfonce and Thickhecs of Conercte
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2.4 USES CF LIGHTWEIGHT CONCRETE

The principal uscs of lightweight c?m:rete depends on itc
weight and low density in concrete consiruction of wvaricus struc-
turcg and this hags an adverse offect o choeaper and lesser complis-

cataed foundation, Some ¢f thoir application arei=

1e Moinly for the conastruction of screcds nnd thickeniag
for genercd purposesg cspecially whon such screed or
thickening odd weight to floors wand roofscte,

2s Thcy cxre uased for cuwing structurid nmteel to protect
it agoinst fire, corrogion,znd fur heat insulation on |

roofoy watcr pipes and for pencrel ingulative wallse
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3.

They are used for the construction of partition walls,

panel walls in frame structures and for fixing bricks

to recieve nails from joinery, principally in domestic
type consiructions
e It is used for surface rendering for external walle of

small houses and also they are being used to a small

2'5

but progressive extent for reinforced concrete.

PHYSTCAL PHOPERIIES OF LIGHTWEIGHT AGGREGATE
2.501 SPECLVIC GRAVITY

Murdock (1968), defined specific gravity as the ratio of the
weight in air of a pemnesble material in a saturated surface-
dry condition to the weight in air of an equél volume ¢f water,
The specific gravity differs depending on the sizes of

the sggregate, and also the apecific gravity of an aggregate

- P 7‘
>
depends on the specific gravity of the materials of which the

ﬂ',“-E.
-
sggregate is composed and inrelaticn io the amount of voids, ?L z
%
' Speciiic graviiy are used in the caleulation of yield ";:'.‘:
-
. _' R
.of concrete ox of the quantity of aggregate required for a % %
%.4

given volume of concrete, The specific gravity value of A

lightweight aggregate is between (1.0 - aL).



245¢2  Bulk Dencily

For moat materizls used us coursce Qpprogute such ns ston
of given spccifiec grovity, Neville (1973), states that o higher
bulk density menns that there are fowoer voids to we filled by
sand and coment, and the bulk density test hus ot one tire
been used a3 o tusls of proporticaing of mixes for conercte

WOTK.

The bulk donsity of an sggregute io offccted by soversd
factors, including tle cmownt of modasture presont and the amount

of compactive cffort used in filling the container.

The test fur determining the btulk density wre pecformed

in two ways, those arc loose (uncompacted) and compacteds

In the $icld, the uncompacted bulk deasity are normolly
ugede. Duc to the fact that in practice the material will not be
compacted before they are uscd fur conercte worl, Sometizes
in mix degign, the proportioning of conercte is based on void
content of the oggrogates and a measaroment of voids is uscful
in certein ciwoes, It indicates if on agpregete is woll proded
or noty fur most maturdizd if the aggrogate is well graded the
void ratic will be small,

24563 POI‘OEig

Neville (1‘7733, s::at‘ca that, thc prescrnee of porces 1In on
aggregate influences such properties a8 {he bond botween 1t
and the cement and thowinyg «wvi woll as its chemical stability

and reoistinice of obrocione



13.

In concrcie work pores smaller than e affects the durabi-
1ity of an awvgregate and subjects it to alternative freezing and
thawing, Feres in particles are found either wholly within the

“golid or on the surface of the particle. Cement pasie cannot
penetrates il pores to a great extent, due to its viascosity., Iut
however water can pags through the pores, the amount and rate of
penetration depends largely on the size, contimuity and total

volume,

?.5.l Absorption

Absorption is a physical process by which zn aggregale draws
water into its pores or surfaces, However, is difficmlt to
detemine how nuch water that is abtsorbed by the aggregate and

hew much occupies spece within the concrete.

Neville (1977), proclaimed that, in most design if the
aggregate is saturagted before mixing the strength of the concrete
is about 5 to 10 percent lower than when it is dry for the same
amount of cement content and workability. This is due tg the
fact that mixing waler is abeorbed at the time of setting, and

this water contributes toc the workability at ihe time of placing.

Damp lighlweirht aggregate containg more absorbed water
after a short immersion in water than dry aggregate place for
the same length of time, Thie iz due to the fact that

o small amount ol water that moistan an aggregate particle
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does not renziyd o the swface pares but oo 7007 4a £110

the swall porcs lnside,

245.5 Moisture Content
Neville (1973) states that, the moisture content of an

oggregate is the surlacoe molsture expresseod as o percentage of
the weight of the saturnted and surfage dry coandition of the
cggregate, and it changes frow one place to another depending

on the westhar to which the stockpile is erpressad.

Elvery (1963) stutes thot moisture content is the excess
water held by the aggregate. While absorption represent water
contained in the aggregote in w saturated ond suwrface-dry condi-
tion, the total wator content of o moint oggregate s equad

to the pun ef absorption and molsture contont,

Accarding t.o Purdock (1968) 1in large works dwe to
chanées'which nceurs in the molsturo content of an aggrogate
from the upper to the bottom of a stockpile, il is esscentinlly
necessary for sampling test to be done on differcnt parts of
the steck-pile and mixed, At lcast three samples should be token

and tested and the aversge valuc recordeds

246  GRADATION OF AGGREGATE

Grading of an aggregate whick is the distriﬁuﬁion of porticle~
size of :n aggregote is on lamportont choracteristic, becouse it
determines the omount of cemunt requived for o workoble concroto,
since cement is quite oxpounive, it is desirebie to minimize
the cost of coucrete by using the sunllest amount of coment

gonsistent with the preduction of a concrote that con be hondied,
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coupacted and finiphad to provide the pecessary strength and

durability.

Sidney (1977), was of the view that, the significauce of
gradatlon 1o best apprecieted by considering concrete 4B a slightly
compacted asserhly of aggregate particles bonded together with
cament paste, with the ¥olde between the particles complotely

£illed with paste,

In most design the amount of pasta required greatly depends
on 4he vold space aimd the totel surface area of the aggregate
that must be coatedy so using « larger masdlmum sgoregate slze can

roduce the void spacey thereby reducing the amount ef coment,

2,6,1 Sicve Analysis

Neville (1973), defines sieve zmalyeis as the operation of
- ddviding o sample ef aggregate into fractions, cach of the fruce
tion conmisting of porticles of the same sizes between specified
limite. For coarse aggregate test sileves are hmm and above

with a scrcoming arca of about twice the size the aperture of the

next larger one,
Before performing the sicve annlysis, the apgregate

sample must be dry to avoeid lumps of finpe particles been

clasasificd as laxrge porticles.

2e642  Grading Curve

When the sieve anolysis ig complceted tho result arve plotted
in grophe, the purpose Jf using jrophs ds to check if the
grading curve falls within or conforms to thnt specified,

bolonging to elthcr coarsc or to fine sggregate grading.
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2,7  CHEMICAY, REQUIREMENIS

An sggregate is defined ae the principal structure of con-
crete, conzisting of relatively dnert {ine and coarse materiods
usually stone. According to Ia Ionde (197%), frem the defina-
tion it is required that its chemiecal activity be minimized so
that no distruption effuoie eccur durdng the sctting of the
concrete er gubsequently because of the scrvice conditien,

The chlel scurces &f chemicol action in aggregate is as

followsi=

1o Solubdlity, Agpregates containing 17 -~ ¢ ¢ other
substoncss that are readily soluble in water may be leached

#ut, resulting in eofflorescence and sealing of the surfaccs

2e Oxddationy Hydration and Carbonations. The presence of
these substances lead to the fadlure of aggregates cone
taining the following substances: pyrite, forrons and

ferric widdes, and magnosia,

3 Reaction with Portland Cemont, Calelum and maghesium
sulphates precont in aggfegatc react with hydrated
adduminntes of cement, cousing cxpansion and foilure

of cement bonds.

4,. Base - Bxchange Reaction, Concrcie may also be adverscly
affceted by a basc—exchange boetwoen componcﬁts en the
aggregeto and the caustic solution within the cement paste,
though tests have bdeen performed that indicates zeolitice

rock as 2 possible source of troublo,
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Se Alkall Recctivity, Some rodks and rdneralds roact with
alikodies released by sciting of coment with subsequent
expanzieh and disruption of the Wonds eutwardly the concrete
vxhibita pattern craciing whilch may be sccompuniod by
exudation of gelatinuus substances, Though alot of
aggregate causes this type of renctiong but oxtensive
tegts by the buresu of reclaimation have cnly shown
that all silicate and silica minerals reacts to o cortadn
extent with alkalies in cement, but with most of them
the effects are insigrificant, Test work have alco
shown that with reactive aggregatos, the alkall content
of the cement should be 0.6 porcent or less and this
percentage is norwaldly taking Inio consideration by

mogt cement monufocturovioe

2,8  MIX DESIGN

Noviiie (1973) defined mix design as the process of
pelecting the most suitable materials of concretoe and dotor-
mining their relative gquantitics with the object of producing
as cconomgead as possible concrete of cortain minimum propor-

tics such as consistence, strength and durability,

In conercte work a period of 28 days is given for
curing, for concrete to achiecve a high strength. Sidney
(1977), found that, therc are two fundmmentols of mix design,
the choice of water cement rntio and the oggregate grading,

which must be token into account when desiging a mixe
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Duff Atrams (1919), state. tlic water and cement ratio law for
the strength of concwete, that the sitrongth of any materinals

depends on the ratio of water to ccements This he expressed by

(;C =3 E\)’ <
whore,
Gc = Compressive strength
A = Emperial constant taken to be 1,000
B P Constant that depends on cement propertics

WG = Water/Coment by weight

While tlic agpregate prading woas based on the packing
charactoristic of pramlaor materiols, it woaa corried out by
Fullor and Thowmpson (1907}, their results is obtain from graph

grading curve (for minimun voids),

2,8,17 Mix Desipn For Trinl Mixcs

The design of triasd mixces from which the precise mix
for oy concrete work con be deternined is usuclly carryoub
by voarizg the amount of water to be used in o fixed mix, so thnt
the known preportion to give a high strongth con be obtadn af tor

k4
making a gexics of test cuboes.

- The idoa of this iz to ensurc that beltor and noce preeise

results arc obtained for the fiwnl mix designe

2.9  WCRKABILIIY
Nowmang proposes the definition of workobdlity based on three

scporate concrete propertices {
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Gompactibility, the case with which thé-concrete gan be
compatted ard the air Voida removed. L A S

Mobility, the eagse with which concrete can flow intc moulds

as]

around steel and be remoulded.

.. .
Stability, the ability of concrete to remain a stable,

ceherent, homogencous moss during handling and viberation

without comstitucnts segregation,

e

The workability of concrete is affeceted by the wﬁten/ceﬁéﬁt |
ratioy the size and type of aggrogate and the grading of the
aggregate, 1t can also be affccted by volds present inform of
amall holes or pores, which reduces both the density and the
strengthy, Two kinds of voids are present in concrete air and

water voids.

Eivery (1963) statea that concrcte containing air voids
ig due to insufficient compaction of the freshly place concrete
and also if concrete contains 2% of air voids the strength will be
reduced by morc than 10%. While concrete contalning water -

voids is due to insufficient drynesc of the concrete,

Workability plays an important role in the ultimate -
strength of conarete, as such the consistence of the concrete
must be such as to allow it tc be itramsported, placed and

finished sufficiently sasily with out segregation, ;4h‘fﬂ

24921 Slurp Test
The slurp test provide a simple practicel method for

maintaining reasonable uniformity in the consistency of concrets.

R

produced, SRR
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The mothed of making the slump test ic dogeribed in 2.8,
1881 (1968), The tost iz mnde with 2 metal cone 300mm high,
having a bottan dinater 200mm wnd a top ddancter 100,
Figure 2 and 3 show. clanp tes. mould »nl various typos of

slumps rcespectivelye

Figure 2 = Slunp Test Mould

1+ 100,

[ : o —
; Tamping Rod 16en g

100am 1
L

[ Fool Pieces
L —1_ , V2V omm x SOmm x 1.5mn Thick

i
i P& 8 1T )

In glump teost if shernr or collapse slump occur the tust

hac to be repeated, the fipure below shows the various types of

B]-UDP-B.

Figure 53 =~ 3Shope of Slump

150-250)




249.2

e
Y

Compaghing Faclon

The compacting factor is a devioe for measuring the depree

of compacticn obtained by deing a standaxd omount of work on the

conerete snd thorofere hears a cloge relaticn o workabilice
v !

cince it provides a good meacurce of workabdlity.

The test was developed in Be3, 1884: Fart 2 (1970),

the apparatug

frustrum of o

bolow,

cune and one

censist of twoe hoppergy cach in Ehe ghape of a

eylinder as shown in figare B

The compaction foctor nwppavatus is not often used cubcide

precast concrote works and lowge s le,

The main principle bebind the test shows that in o mix o

compacting factor less than about 0.75 cnunot he comprcted

satigfactory by hand, whilc less thawn 0,00 cannot always be come

pacted by vibreration unless preszure is

Figuro b

Hopper
Trap Door .- % [
N5

Syidrider T

Clamg s i

i it ey

applied,

Compacting Factoxr Appavatus




2,70 HARDEMED CONCEETE

241071 Dengity of Concrete

The density of o concrote cubes is usually expressed a3 its
macs per widlt volume and Ls codoulated based on the following

relation;

Dengity = Magg (Kr)
Volume (1)

According to Orcharxd (1973), the density of nomnd conceote ranges
from 2354,9 - 2562 2kg/m% while that of lightweight concrete

HODG 1850k /o,

In any concrete werk the denzity of the concrete is normally
affected by density of appregate, prading, degree of compnction,
water=-cement ratle, modsture conent of the concrete at the
time of teatings With the abuve influence on demsity of concrete
care ghould he taoken when corrying mny concrete work to minimise
such influcnce as much as possible to incresse Lhe density of

the concrete work.

2e10e2  Crushiug Strength

Budinski (1979), define crushing ctrength as the maximum
compressive ciress that a materinl is copabic of withstonding

(baéed upon original area) before segregation on applied foroe.

Murdock (1968) states that concrete can be made to have
: ans abeve
a strength in compressioa of up to about 40N/mm hgepending mainly
on the relative proportions of water/cuticnt ratio and the dezroe

of compaction,
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The crushing strength of concrete are influenced by a
mimber of factors in addition to those stated above, the more
important factors sre, the tywe of cemekt and its quality, the
gurface tasture of the aggregnte inrol: ticn to smocthness,
the efficicency of curing after casting, temperature within the
environment of curing, increcse temperature increases the strength
of coneretey while at freezing tenpcrature the crushing stréngth
may remain low for gome time, And lagtly age, under norm.
condition concrete strength with portland cament increases
in strength up to 28 days, but slthough hardening continucs

after 28 days but at a much slower rate for a number of yecarsa,

2.10.3 Tensilc Strength

Tensile strength is the ratio of maximum load to origimal
cross~sectionnl aren, According to Murdock (1968), it varies
in concrete from one-ecighth of the ccmpressivc strength at
early ages to nbout one-twenticth later and in most cases
is not usuadly teken into account in the deosign of reinforced
concrete structures. The tensile stre: il is only of considerable
impoxrtance in resisting crocking due to changes in temperature,
There arc two methods of measuring tensile strength, one gives
tensile strength in bending, usually temmed flexural strength
B, 5, 1881 1968, gives details of mgkipg and curing of flexuré test
specimens and of the method of test, ) _ |
While the‘éfher ¥esf, ;hiﬁh is used in the ghésis, a leoad is
applied thicugh two parkings placed at the top and bottom on the
plane of loading ;nd a load is applied.ﬁntil the spec%men breaks

and the failure load recorded,

.



3

(Rl

™ . - s .
N e g e

2,704 Bond Butween Cozsrcte ond

In ony congrete wurky on cifective bomi: cetweesy the concrvto
]

and reinfeorconent is roquired, since the officicent usce of the

combinotiong o cteel and corercie is dependent on tho trarsgier

of stresscs Lrom the concrete to the steal,

Murdoak (1968) ot-i 0 o us  the bond sirongih betweon
the concrote and they asteal is bost defin:d ©o the stross at

which a very small slip occours,

Bond is que i=iltisily L. wierion and frictional
resistance, which cienges tl: Yoo stress fyom point to point,
but as soon ag cidpping Vepdns the adhicsion fails and the

subscquenty bond is due te friction and mechanieal resislance.

The development of bond stroagih is most rapid under
moist curding corditions, but its slrength con be Improved

by increasing the crusking strcngth of the concrates

Deformed bars has incromse bond strength than plain
round bars by 29 per ceat or morae, altiough a siight clip
is likely to ocowr before the Zull bond strongth of the deformed

bar is develcpods

Bars in tension nust oxeced Tor o mufficient distunce
from any stressed soction o dovelcp a satisfactory resictance

to failurc of tho pord between the bar and the concrete.

The test metiod wsoed in Lhe rescarci for findiag the

permissible bond sirces is the pallout test.
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The paterial uwsoel for lightweight conerite 20m3i3t of mter, cormat,

sand and pericinkl? 3hella a3 coar3a aggrasite.

Selele dator

dater plays an important role in concrate coastruct im.
In using witer fopr making conerta it musd b> froe from d2l terisus
materi.ls sucn as silt, clay, alkalines and obhor salta, Accorlling
to Sidney (1977) if such imjuritics ars rre3ent ia a pixing watar, it
would affuct such proz23rtix 1ike Jurability, sctting time -amd

drying shpinkag2 eote.

3ele2e Ceoment

The2 ¢2rmout unsed throughout for the reaearch iz th2 normal

portl:md comant o luced in Wigorin, The brind us2l i3 the 4shalka
samant from Gombe in Diehi State. It iy ¢btainesl from 20m? of the

lonal d24l2ra +ithin Zapia,

}.1.3. M
River aand dredged within the daria onvironment w19 used

throughout for all the mixes na fine azgregatoe. The swmd in clean

and fr.e from imjurities,
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Zelede Coarse Argregate

The periwinkle shells used fur e study were obtained
from the riverinc areas of Warri in Bendel State. The aggregate

includes both the rough backs and the emooth back ghells. 7Lz 413
belor ar3r oformal on the pa Winklas tha1ls in crlar to tayl ith

*ho rrovattiss
Jeledels Specific Gravity
The dctermination of specific gravity iz based on BaS.
812; the sample of the sggregate wos piaced in u glass jar
covered with water, stirred to romove air tubbles, and allowed
to stand for 2% hours, the aggregate sample was them surface
dried by placing it under a blowing air from a ceiling fan,

then the weight determines.

The detcrmination of specific gravity was carried cut on

three different pycaometer bottles and the averape result

obtained.

The calculation is based on the followings:

<2
I

Welght of the saturated and surface dry sample,
in this case tho agpregate ¢an absorb no more water
and non forming cn the surface, this means the
apgregate neither contributes to nonwabsorbs waber

from the concrete,
B = Weight of thc vesscel full of woter,

A = Woiht of the vessel with sample topped up with

water,

D = Weight of the empty vessel,



B - (A&D) = Weight of the

volums: of the solid,

water gecupyirg the sanc

The vessel referrod sbove is ¢ Llad a pycnomebor,

Fron the ahove datas

8,G on saturated surface dry

Firoct pyeucmeier reading:
A = 18(}55&"

3 = 1660"‘,“

i R & 2.55{3
L
LR 8.{‘., Lr .:.r’ =

Sceondd pyenemctor reading:

4 = V797.5z0m

L:' =5 1(,'[30.;2’}

Third pyerometer reading:

A = A777.55m
B = 1640.0zm
C = 45%.5gm
D S «Sm

{ f-'l SOD) =

B - 4';“‘0

Eley

OO NG O5+1 T0

s

1660=1797. 5+ 15

g PRy

1.1:8
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. 45?-5 o 1.#6

os Safls Cnn S48.0

i
i

TGH0=1777. 941575

oo JSverage rosull of tuo throe seadings

= (A+383%CY3

i}

ToSh + 1,48 + 1,406 = 145
3

Jel+4+2 Bulk Densit:
Murdocic (4963), defines hulk dencity as the weight of mate=-
rial held by o container of und. volsoyy when filled and compacted

under o piven condition,

The determination ic based on adr (ry conditicn. And the
test is perfuriied in twe ways, thesc 1 loose (uncompacted)

and compncticid,

For the determinatiun of locse bulk density the agegnte
is gently placed on a cylinder 150mn diameter by 300mm heigiil,
to over flow anl then a rod is relled across the top to level
it, VWhile the compacicd bullk density thoe contoiner is fiilcd
in three slages, each stage is tamped 25 times with a i6mn diameter
rod, Again the overflow is remcved. The net weight of the
aggregate in the container divided by its velwse pgives the

bulk density for either ways.

Table 3,1 shows the Tais lom ity ccloulation for poriwinkle

shells,
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The void raiio of an ajsregate is caleulated using tic
specific gravity fur soaturatod ard surface dry comdition (2).
The cxprossion is Losed ons

Void ratio = 1T - ‘i‘}.‘.lit densily
P % Unit weicht of water

- %
; - : : , hs2 5
For uncompaeted, vold ralio = 1 - = 0,7

191000

A 0.63

For conpactedy woid ratio = ( =
T4 T % 0
From ihe tadcuiavion the vigwo: of the void ratio ghows

that the skclls are well groded,

3.e4e3 Porosity
The determination of percantage porosiiy is basced on the
result obtained fioom the bulk Jdepsity tests Using the uxpressiou,

Percentagao parcsity = (1 = a/_‘;} 100

Where

n

A = Uncompacted bulx denaily



B =

o Tercentaze porosity

Com;neted bulk dena ity

= (1 =

) =

17.3 %

. Thiz indizstus a hish degresz of jorosity, which is commom to

lirhtweight conerste.

5.1 04040 :\.bsﬁ‘i.ti(.an

The abnorption of an aggregate is deturmined by moasuring

the incraac an weight of an oven dry Suaple, when imuersed in wator

for 24 hours (the surfice moisture being removod).

The rmtio of the

Inerouwss in woeirht $o0 the weight of tha dry spuple expressed ag a

roreentane gives absorption of ths sample.
affocts the wator content of the mix.

of tho absorptien nof pariwinkle shells iz spown bolow.

The rate of zbsorption

In Table 3.2., th2 rasults

Tubla 3.2 gesults of Absorition
TSI GAT WATGHT OF ] WSTGIT OF| IN0R< a4 4
sarns {oF coyrai-| ovdy bRy | soaxep ™ AT GIT B
NiR (pm) | SQMPLE | SNGLE [(B-A) (gm) | ABSRVIION
A (gm) | B {m)
Periwinkle| 6075 770 3775 7.5 2.0%0
Shall

Geteltehs loisture Contant

The determinstion of moisture content is performad by the

pycnometer methed, the tost i3 carrded cubt using the bulk spseific

gravity of the aggregate.

RS

Using th2 following expression

A

= Weight of pyenomster with sample toppad up with

wat er,
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P

=
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Weight of the pycuomoter full of watera

Specific gravity.

From the expressiont

Mojisture content = ( _:L_ (_E%ii_) - 1) x 100
- A=B ¥
Toble 7.3  -lulia of Moisturs Copt oot o .
. OF LFICNG= |+ e Wi, OF PYNCG-[TOIST. GO
. Jr— WP. OF MOIST. ! . &
S AMPIE ¢ METER FULL OF |3 b METER WITH SAM-TENT OF THE &
GRAVITY WATER c Cem) PLE TOPPED UP | AGGREGME | o
3 (gm) g WITH WATER(Aem) IN % &
Te 149 1660 hiys 1797.5 6.8% 7ol
2. 1449 163745 k57,5 17775 7.5%

Murdock (1968), proposce the following precautions when

using the pycnometer method:

(1)

(11)

of any drops of watler.

Weoighing must be very accurate,

in this respect upsets the rogulis,

The outside of the bottle must be carefully wiped free

(iii) It i3 not easy bo et rid of air bubbles and any corclescness

(iv) Care must be taken when testing coarse opgregate, since

the bottle can casily be broken by it (it is necessary

to usc glass bottle in order to cee if there is any air

bubbles)s

The use of this method has the advantage that it can be

used when no scurce of heat for drying are available.




advantege is dua to the slowmness of the teat, aince it tual:es abeut

t 0 days to com;labe the teat,

310446 Sicve Analyais

The 8ioveo analysis was p2rforzed based on the provision of
the British stund.rd 83410 (19635), the test of ths actusl siaving
ojerution is woatly porformed by hand in a seriss of succomive
Sigvce nesting cne after the cther, with the larzoat sioves at the
top, euch siwe in turn being shaken until not more than a truce
cont inues to juss., The mode of shaking is backwards and fori:rds, siileways
left and right, circular clockwisws and anticlockwise, all t?ia process
are done one after ancthar so that evary particule has a chanee of
rassing through tha nieva, The arrangamant ¢ tha sieves is shewn
bel ow in rlate 2, while tha raesults of the siare analycis in

}'Nﬂmtl}d in table 3.4.

During the 3ioving car2 must ba tsken in ordar to ni%e sure

that no sieve iz over lozded.
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Table 3.4  diave an:lysis Parformed on the Shell

SISVE NO. WP. RATAINSD WP. PaSSING. & Pa3SING < R3TAINZD

(mm) (ke) (xe)

19.0 ted i 100 20
9.5 340 5.6 RO 54
475 1.8 2.6 46 69
2436 0.6 0.8 31 75
1.18 Ce16 9_.;.’ 25 ' &0
fan 004 0.04 20 -

TUr AL 7

JeledeT Grading Cuve

Based on the above rasult, the grading curve wus jlotted in
figure 5. In plotting the grading curve for the periwinkle shells, the
ordinate represent jorcentuge passing and abscissae the sieve opening
Plot ted to a longarithnic scale. From the graph it could be concluded

that the agrregute can be used for a good concrate mix, ‘.tyd
A,

2. %, %
Figure 5 - Gmding Cure ' ,;’ Qé?e((
'6‘6.‘6) "/,4
100 4}"(0 '
KEY AP P
o s - &, ",g
-» " PN
2 60 18t Stendird Cuve
A
B
E) 40 md Standard Cuve
42
5
$ x
a P o
5 | éxperiment Performmad

_ Pan  1.18 2.36 4.75 9.5 11.0 22.4

S ieve Number or Size
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2. Flomental Analysis ¢. Periwinkle Shells
- e g . S ———

Elemental analysis of the sghells whs carricd out by fast
o
neutron activation analysis. The analysic was performed at g

Centre for Boorgy Roesearch and 1.-vining (CERT), ABU,, Zarine

Neutron activation annlysis invoives the nctivation ef
stable elements that maice up the composition of a sample and the

detection of unique signals given out by activated samples,
The process of activation involve the introduction of a neutron
into the necleus of the atom, In thic cose the neutrons ar
produced from 2 necutron generator which produce high energy
neutrons (L 14 MeV encrgy). Upon activation, the nceleus becomes
unstable and emit radiation signals that are unique to the
individual clements. These signals are used to identify the

L

presence cof clement in samples, Quantitative and qualitative

- o . P i} v TN YT
analysis of somples arce poecldl ith appropriate standar
samplee
UL corided e gt } 1 el e arr oma 1 - SOOI 13T
The dcetection of the signzls was done vin a germanium =

litium ddfted scmicunductor detee*or, The detection systom
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has a very high rauclution of about 1.7 KeV for cub:lt 60, 1332

Kev pa:l.ko
Sample proparation invelve the grinding to finess the periwinkle

shells and 9ealiny 3gm of samples in polythelone viala, The saaple wis

frrdintal i tie vials,

Reeults obtained from the analysis, ident (find tho praencae
of silicon, magnesium, calcium and potassiume Only gualitative
analysin &43 p2rfomal on theas sapples, The quuntitat ive analysis

Was not perforned dud fo linitedl facil itizs, PFimure 6 shows the

pajor elem2at jrodent in the suells.

Jede NIX DiSIGT

The wmothud of 2ix design used is th.t davoelojid at the read
reseurch l:duriloury, vwhich is busad ca walt2r and cemmt ratio, In
this athod th: aix is designed for a given comprosaive atrongth, as
most of the deuirible prujertisg of conerste luproves a3 its strongth is

inereasoi,

3eTale Mix Deaiemn for Trial Mixes

The apoeific gravity method of batching was u=22d for finding
the amount of materi \ls required for the trinl mixess, In desigaing the
concrete for thaa? specimen two nix prorortion wers ﬁsad 1313 ¢ 3 and
13234, PFive difforent water/czment ratios of 0.4, 0.5, 0.6, 0.7 md

08 wan used in checking the o:-timum «ater/cenent ratic fur the two mixes,

The calculation of the trial nixes were baszd on the test data

shown bolow, Those datas ware used for knowing the quant ity of
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ntarﬁlo for @ach mix. A total of fifteen cubes were produced for
the trial mixes, five of each wor2 teasted at the ages of 7, 14 and

28 days,

Density of cewmsat = 1440kg/n’
Density of sand = 15005‘3’/553
Density of shell = 452.8kg/m
Density of water = 1000k8/=3
Specific gravity of cement = 3.15
Specific gravity of suad = 2465
dpacific gravity of sn3ll = 1.49
Spacific gruvity of watar = 1.0
-2 2
Volume of 15 cub28 = Q.19 X 015 X 015 x 15 = 5,06 x 10 m

Tha proczdurz for caiculating the amount of matsrial for ths

trial mixes i3 as follows!

For nominal mix 1:14:3, 9/ = 0.4

Absclute Vcolume of Material (A.V)

A.wv. for cemsnt = 1240 x ) _  ,cop
5015 = 457

AW, for sond = 1600 ¢ 1.5 = WL

2465

Asw, for saell = 452.8 x 3 = 912L
149

i

A.v. for water 1440 % C.4

1 = 576L

Total ALV, = 268651L = 2.851::3
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Quant Ity of Material for {5 cubes

Cement = {410 % 1 X 5,06 x 10 = 25.6ke
2.1

Flus 10% for =ast2 = 2546 % 1.1 = "R.2 ke.

Sang = 1600 x 1.5 x 5406 3 1077 _ 125 ke
20551
Flus 10% for waste = 42.6 x 1.1 = 48.Gkg
_ Shell e 452.8 % 3 x 5,06 X 1070 = 2441 ke
2.1
FPlus 10fo for waste = 2441 X 1.1 = 26.5kg
' : -2
Hater = 1440 % 0.4 x 5,06 x 10 - 1042 kera
24351 ©
Plus 105 for waste =  10.2 x 1.1 = 11.22ke.

Fop Forminal Mix 1:2:4, /o = 0.4

f.v for f',‘l'."!.m»'mt £ li.lo x 1 = 4571'

%g = 1 QOBIL

" AW for aand

it

AN, fur 3hell = 60,8 x 1 - 12161
149 . _

A, for water = 1440 2 0ed _ onn
- " = 576L

T(Jt&l A .V . 3

L}

3457 = 3.40m



-2

Coment = 1440 x 1 x 5.06 x iU = 211z
30457
Plus 10, for waste = 211 X 11 = 23.2kz
. -2
Sand = 1600 x 2 x 5,06 x {0 = 46.8kg
34457
Flus 1005 for wanta = 46.8 2 1.1 = 51.5kg
Shell = 452.8x 4 x5.06 x 102 = 26,5 kg
3457
Plus 107 for waste = 65 ¥ 1e1 = 902ke,

-
Water = 1440 x Ce4 x 5.06 x 10
34457

= 80"3 kF’
Flus 107 for aste = 8.43 x 1.1 = $e7Tkgz.

The ;rocsdure for cslculuting the amount of material
for the trisl mixes for the oti@r watep sad c2m2at ratios is the

S8ame a3 tht shown aoove,

3.3¢3 PEreyuration of Concrsto Cubes Made with the Shell

The test was carried out in the lavoratory using a ateel
moulds 150 x 150 x 150mm.

The quantity of cement, sand, snells and water calculutsad
were weighed., And ¢uch amount poured inte th? mixer, starting

“with the periwinkle shells, sand and coment, this yuantities
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ware first mixzed befcre th2 a0.3ured uantity of «.tor, anid
mixing continuess for 3 minutes in the miser, The moulds onto
which the curcrste i3 to b2 jluc2d for tosting wer2 clean=d

and oilzd bufore wusseabling to prevent bending betwo2n the inner

surface of th? nmoulds und the concrete

After mixing of the vurious mixes a totil of 150 cubes
weprs ca3t for the trial mix deuign, 75 for 1:13:3 und T5 for 132:4.
This wns done by filling the mould into J layers and esch in tum
compacted 25 times with a 16mn diameter rcd. The moulds wire
covered with a wet sac for 24 hours to prevent ranil cvaroration,

after which thay war2 remcved €rom the moulds,

Dofore curing, the ¢ibes wore identified, for 131}13 the
identification mark was "A" and 1:7:4 a8 "3", the variois water/
cement ratios 2re mirk as {1, 2, 3, 4 and 5, that i3 for mix
12724 and a '.-rltex'/cemant ratio of Q.6 the ilentificution mark

for the cub s was 83,

The cubes aft2r being id2atified, wir? sterod in a curing
tank, (200 ;lito 3, for a pavicd of 7, 14 ond 26 duya,

The cub2s to b2 tazted aftar the respoctive days wira
reseval from tav coring tunk, wised with cioilh, w2igheld and

crushed.

The weighing of the cubes wu3 ae22uawy in ordsr Lo determine
the bulk density of the cones2te zlace th: voluz of th: cuba is xnowm.

ey L)
0‘. Bulk damsity - Fnas (ke

Volune (r.u}}
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The resv &t of the trial mixes on the cube tests performed

abke summariz. I table 3.5 and 3.6

Table 3.5 =~ surmary of the Trial Mixes Performed to

.etormine the Cptimum water/Cement Rstios

for 1:7%:3

MIX ’ WA.JR/CEMENT AGE AT TEST COMPREHENSIVE
iHATIO DAYS STRENGHT
N/mm?
7 16.88
0.4 14 17.22
28 21.24
8 -
| 7 17.52
045 14 20.84
| .23 24,36
7 16.90
1:1%:3 €.5 14 | 22.20
28 24.76
7 13.62
Cu? 14 20,88
28 20,20
7 8.98
0.8 _ 14 17.32
28 18.76




Summgry of £h2 Trial

Fiean wforend Lo

Iptoraing o 008

Cane fhor/Gosapt Babies

fop i+ 13714

. ' N/nur

7 6463

Ok 14 6,96

28 9.80

7 18,76

0.5 14 22,66

8 k.06

? 1749

112 sk 0.6 g 20,38
28 20,85 1

7 17/+2

047 (g 19,30

28 17.76

2 Th B8

0.8 1 17e22

e 18,32
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Compressive Cube Strength (N/mm )
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254
260
-9 /
f
r

' ¢
o4 O
5 -

o‘.q. o -.5 0'6 b‘l'?- &8 ©9

Water/Coment Eatio



iB

diriyd by

Zehels

Phz legrw of woerlibliiti=a of

131583 ol 18234 wam

3 ‘;,‘;'1 (a8

Iebavuiaod by ihe sinag L2

its

3633 CUrbinmum Jitap Coamiek Rabiw
T%-_ y oo b v"”‘ ik e Tfjn' ..1lv H 3 et i ey
T oAl M i 0 I | s TSI t okl iy el Blon Yo Yoo
Frea the ovathe ia Picwre T, Sho ol isa Eym manont =ufic
. - 5 . . -
for Lo Iiif2rmt Jay ara spom s 9l S8 bl Jefig
% 't‘_'j':" ;.? Ny Ehya t'_“_ el ‘r‘jﬂ‘ '.':t ."‘t-_" ‘.
. i ‘ ¢ 5
Talle Zo7 = wobiail b=eComont b iow
- . Fog io .
Fak SITAR JCHAEE RARTLS
-—— - B - - — -
1:11 :3 e
tig2 a4 0.5
Jefh Bl Lir
Tha air 123im for 0.6 il 2.5 gater and <l
- . ! - - @ —
j3r3 oo Bl o £ ti.“..l':.ll fur ‘:1-:,'; wd J3.:4 pon

acrdty miges

s o]

of

o A |



7 4e1e1 3lumc Tast

Tha t23% ~rocodure 23 2taiuctid 23 33cxbad in
BSe 1381 and invelves €irst ins:3cting the Intemal 2.4l .c3

to. oaze aura I8 is clean, dry and 223 Frow okant. Thire

B -~ . s e v =
repradantial lva 94,39 o2 conesesa In fode aguil 1 gyers,

v ] = L - 3" [ v o o yaY S 2 PR
Fach larar s tagued it 16aox ad.zatar stan) wd D Yimes,

the Sop leval I trdcx OO with . towml and th3 lodtavs
apound tha Base of toe wuld is cl2zned offs The zould

i3 carefully risd in & vartiesl airsction aad taz2 slusp
is me.sured. In slump teat if sh2ar or cllarse sluap

cecur the tast in raredtaed

Tha rasults of the slump $£23% Zor the scrnerete nixes
are =iiowm i1 t1dl=2 3.B balow:
T-bl2 7.8 = R3zAE oF 3luzs Past
T & \'/‘ §i, JBT 3 X Rheeull TR (U ..r-’:t- :; “".'
dedas . PR SIS i aad” g s 'f]. {:.. .,_._: ..:-.‘,:,
L BA e B+ z . =T
Vajzsl - D 140 o gizo
12243 a3 15 vi e

from tne $401 2 2dove, the t7/9 o Slunys bt ined mre

Sadur 3iusy for mix 1313:3 und 2 truz siusp for th .t of 1:12:4,



34405 Compaction Factor

The compaction factor test consist essentially of two
ingerted cone~shaped hoppers and a cylindeical ccntainer,
in meking the test the top hopper is filled, a hinged door at
the bottom is relesscd and the conerete drops into the second
hopper to £i1l it, thc concrete is similarly allowed to drop
from the second hoppet and falls into the cylindrical
cchtainer. Surplus conerete is struck qff, the cylinder is
then weighed to the nearust 10p, giving the weight of partially

compacted concrete,

While that of the fully compucted concrete, the cylinder
is filled with concrete from the some sample in laycrs of about

Scn deep and the layers rammed heavily and the weight determined.

The compaction factor is calculated using the following

expressions

Weight of partially compacted eoncrete
Weight of fully compacted concrete

The result of the compaction factor for the two mixes

is showp in toble 3.8 below.

Table 3,9 = Result of Compaction Factor

WIx we | wezeHT oF agggggaggmn COMEECTED WEIGHT | 0OMPACTED

RATIO | CYLINDER Fa S CONCRITE OF FRESH CONCRETE | FACTOR

131333} 0.6 bkg etk Fe7kg Q.97
112:4 0.5 Ekg 70ke 8+8kg 0.8
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3.5. MIX DSSIGN FUR TiHa RuQUIRSD WAT3R /CdMaNT Rams'

This is carried out by using ths optimal water/cement ratio

“v o from thaz trial mix designe The caleulstion of the required mix,

design i3 the same prosedure, for that shown in page 57. When

designing rfor 4 watier aud osment ration of G.d. totel of
75 cubes were wuede® for eagy and B of thase riheg wang

afsayr 7, 14 and 28 Jayw rasgectivaly for buth mixes,

3.6 TEST OF HARDENED CONCRETE

3,6.1 Density of Conercte

The density of the conercte cubes was determined based on
saturated surface dry condition of the conerete aggregate,
The density were determined by weighing o 150mm x 150mm concretoe

. . He .
cubes on five cubes, and the average taken for, two mixes and

for each period of euring.

The densities for each is c¢aleunlated using the following

expressions.
Density = Mass/Volume

Table 3 ~ Shows the Density Colculatiuns

T . e ¢ AVBRAGE AVERAGE

MIX ) AGE AT TEST VOLUME (m”) MASS (kg DENSITY (ie/nr)
7 3,38 x 107 6.5 1926
121323 (5 i G 46 1914
28 " 6.5 1926
7 RO 6,48 1911
1121k (L L 6,64 1967
| 28 i Eoltl 1914
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Compressive oStrength

The crushing
the compressiocn ma
load usually on
correspond tc
cube)

iS reachned

eruashing)

1i

the cube specimen untll-

the ultimate compressive strengtn o

loads c¢f cubes specimens werce determined using
chinc, ' capacity machine applics
= sudmum load (which
2

the concrete

tcr which the specimen experiencesfailurc (by

load at failure recorded. llate 4 shows the cube
g tl failure is got by dividing

7 ti urfac ) of the cube, i.e,

Load at feilure (N)
Surfage area (mm=)

of

A

SUImi

Iy

the

the mixes arc shown in table 3,M. e specimens used for this
test were cubcs of size 150mm x 150mm x 150mm, A total of 180
cubcs were crushed for the period of s 1 and 28 days, Th
following precoution were ta in order to avoid variatic in

resultg,



he

1a The cubes were placed ecentrally in-between the platens
to avoid eccentricity in loading.

2e Uniform rate of loading was applied.

3 Projections from the faces in contact with the platens

scrapped off.from the cubes.

4, The loading applied through two amocth surfaces,

Table 3,14 ~ Summary of Average Compressive Strength Test
4 COMPRESSIVE
MIX AGE (DAYS) W/C RATIO STRENGTH (W)

? Q.6 1642
131333 it 0u6 21.3
28 006 23.5
7 D5 18,45
123 14 Cu5 21,9
28 0.5 23,6

for the respective mixes.

3e643

Appendix 2 shows a detuil computation of the cubes crushed

Tensile Strength

The detormination of tensile strength test of the concrote

made with periwinkle shalls was conducted as described in B.S.

T Me—— ey

1881 (1970), using the cylinder splitting method and the test

was carried out at the end of 28 days after curing in a water

tank,

The test involves leading a 150mm diameter by 300mm long

cylinders along a generator until the c¢ylinder splits.



lied through two parkings of sizc

1 ploce at the top and bottom,

aade for both mix, the loading

tetal of 10 cubes were mad
of the cylinder for the test is shown in plate 4 below.

Plate 4 =~ Splitting Test Arrangement

)

. —

L

| ;#J'*‘-
18 —_

‘ e —————.

ing tensile strength of the concrete mixes was

The splitting
computed using thc following cxpression:

@ = _2»__

DL

— o % . s
where = = Split tunsilce strength (Nmm )
p = Fajilure lcad (N)

lcngth of cylinder (mm)

D = Diameter of cyliwder (mm)

The sumanry of the splitting test ofter 28 days is shown
in table¥1, hilc detail result of cylinder split test is

ghown in .y lix B,
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Table 3:11 = Tensile Strength of the Mixes After 28 Daya

WEIGHT OF | FALLURE | SPLIT TENSIL
CYLINDER{kg) {IOAD (ow) | STRENGTH (N/mm™ )

MIX W/C RATIO AGE (DAYS)

1 31% 3 0.6 28 10.52 102.8 10"}5
132 sk C.5 28 10468 13746 1695

Z.6e4  Bond Between Concrete and Reinforcoment

The determination of bond strength is carried out in
the leboratory using a 150mm x 300mm cylinder. The test method
used is the "bond pull ocut teat". The sizes of rods (bars) used
as reinforcement were 10 and 12mm diameter plain bars and deformed
bars. 12 cylinderz of each mix proportion were cast, i.e. for
mix 1:1%:3, 12 cylinders for plain and deformed hars werc cast,

the same applied to 1:2:k,

In all the casting o bar is ambdde d centrally in a
cylinder of concrete with part of it projecting from both

ends of the concrete specimen as show in figure 8 below,

Fipure 8

2 _
&

Cylinder

Jon Universal testing

M Machine

T — e ol W mm wm =

Bar Pulled by Moving lead
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After costing, the concrote cylinder arc cured for 28 days

"under a standard curing condition before testing.

According to Watstorn D (19%1), during testing uming the
pull out method, one end of the bar is gripped in the shackle

jaws of the machine,

The tension load applied to the bar is balanced by n
compression load on the end of the comprete cylinder, spplied
sizdly through the movable cross-head of the machines A dinal
guage with 1/10,000 in (0,0025%mm) markings is attached to the
unloaded end of the bar with the spindle dressing lightly on the
underside of the conerete cylinder. With this arrangement
the load applied tends to pull-cut the bar from the concrete and
careful obgervation is made of any slip between the two

materials,
The following observations were recorded:

e The load at elip of 0.00254mm (0,0001 in)
2y The load at slip of 0.@0254mm (O,8001 in)
3 The loed at slip of 0.254mm (8,01 in)

b The maxdmum load and type of failure.

The following precoantions were observed throughout the

testing periqd.

Te The end of the bar at which the pull is applied is that
which project from the top face of the cylinder as cast,

2e The bar is pull axiclly from the cyliader.



H

2. The spindle of the dial guage 1s in contact with the conoretc,

b, Correct reading are taken and recorded. ~

5. The machine is always check and maintained before furthor
testing.

6. Readings at the free end were continued until just before

failure,

The advontoges of the pullout iz that, it is relatively
simple o condust and more economical than most of the other
tests available for bond strength determination. It ie one of
the few tegts available which guantitatively measures the
strength of bhond between conerete and steel amd this alone is

sufficicent resson for its use in thic research.

The test results and their an:lysis for the pullout
teat are ghown in Appendix C and the summarized results in
tables 3.14 while plate 5, 6, 74 and 8 shows the mounting of
pullout specimen on universsl testing machine, the dial guage

fixed at the (sensitivity 1/10,000 in), obscrving and rccording

EL ok

ey

is slips and corresponding loads, and tensile fracture and

splitting of concrete of bar pullout specimens respectively.

Plate 5 « Mounting of Pullout Specimen on Universal Testing

Machine
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Plate 8 -~ Tennile Fracture and Splitting of Concicte of

bar pullout- specimins,




Fa -‘N

- ‘s "" g
. «. ‘e state of stresses in the pullout test is rather cotw
plex and difficult to analysis. The test measures the longitue

dinal shear stress at the surface of the embedded bar in the
lﬂ.ﬁ .
concrete,

L
”

The 28 days, &versge pullout strength for diameter 12mn

o

plain bar for 13113 is 349N mi, while that for 1:2th is
3,68/m, , R

In crughed stone concrete, the 28 days pullout strength ’
of diameter 12mm plain bar ise 3.833hVﬁm2 which is ahout 3 -~ 5%

above that of shell concrete,

&

The 28 days average pullout strength for diameter 12mm
deformed bar for 1:13:3 is 4.?N/mn? and 1:1234 isg 5.5N/mm2

{seec table 3:18).

The averege pullout strength of 10mm diameter deforped

and plain bars for 111313 16 3.71 and 3.56m respectively,

While that of 1:2:k is 3,735 and 3.90N/mm2 for beth deformed

and plain bare. <
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_ NCRETE CYLINDERS
BAR EMBEDDED LENGTH AVERAGE BOND NOMEE
MIX [TYPE (zm) | SUREACE e F SPECDEN.
(mm) _ >jm> N/ mm
(mm-)
U@hoamﬁ 10 U8 Q._.NW Norb. N._ON U.WU UQ‘N._ w
Bar 12 300 11309.7 3,66 4,0 4,58 k.70 3
1243
Plain 10 300 k25 2437 2495 3425 3e56 3
Bar 12 300 11309.7 2.9 Sk 3427 3449 3
Deformed 10 300 95 247 315 3472 3.73 3
Anmnhv Bar 12 UOO ..__l @oﬂ h__o_,\l, r-mm r.owmw \;U ..w
Plain 10 300 425 34006 3.4k 3.78 3.90 3
Bar 12 300 11309,7 y W -, 3454 3,66 3,68 3
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4@  STATISTICAL ANALYSIS OF CUDE’ BESULIS + L&

The.gtatistiéal analysia cf result is usc to obtain the
mexcimum amount of accurate information from the limited number
of test results, which are obtained during testing dincc they
are subjected to errora duc te lack of grecision in the equipment
used to obtain them and humen weaknese of the operator meking
the tests. Moiuntosh (1963), states that, the strength of concrete
should he such that only a small proportion of its result fall
below its minimum strength requirement, if a geood control and

careful operation during test ia cmrried out,

Tho analysis was only conducted for the results of 7, 14 and
28 days compressive strength of cubes, Other test results

were not considered due to the limited mumber of specimens

involved,

For the purpose of considering ctatistical analyels of

result the following terms were used:

4,1 Mean Sirength

The mean strength ie the average of all the strengths
obtained for a given mix crushed for either 7, 14 and 28 days.

It is usually expressed as:

Mean strength (X)) = ¥/n

Where X
X

i

Mean strength

Sum of individusl wvalue

u

n

i

Mumber of specimen
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4,2 Standard Deviation

The deviation for the average value of each result is
usually measured by standard deviation, is defined by the following

mathematical relationship:

L]

mall

=
A
Lw]

OF
it

Strndard deviation

»
"

Sum of indivi.url strength

.

® = Mcan strength

n = Mumber of specimens

Values of standard deviation for different degree of control

is shown in table 4.1,

|
Table 41 = Istandard Deviation for Different Degree of Control

DEGREE OF CONTROL STANDARD DEVIATIONS N/ mma
‘Iabomtczv Test >
Excellent _ ¢
Good _ 15
Fair 18
Bad ' 25

4.3  Go-Efficient of Variation

Co-efficient of variation is moestly considered when
variation of sets of significont different average strengths
b
is toZassessed, and it is given as?

v = G/x
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Where Vi

= Cowefficient of variation
& = Standapd deviation
¥ = Mean strength

Values of comefficient of variation for different

degree of control is shown in table 4,2,

Table 4,2 = Co-efficicnt of Variation for Different Degree

of Control
“DEGREE OF [ CO-EFF ICIENT OF
CONTRUL _VARTATION
Lavoratory 2.0 =~ 3,5

Excellent site 3¢5 = b5

Average cite 5.0 = 6.0

Poor gite ‘t 7.0 = 8,0

4.4, ANALYSIS OF RESULTS

The statistical analysis caleulations, graphs for histo-
grams and normil probability curves oxre to be found in
Appendix for 7 days only for both mixes. While the table
below shows summaries of results performed on the strengths of

concrete cubes for mix 1:13:3 and 1:23+ after 7, 14, and 28

daya.
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Table 4.3 = Summary of Statistical Analysis on Strength of

Congrete Cubes

MIX (gﬁ;‘ s H ggmr« CO~EFFICIENT VARIATION (%)
7 1641 0.75 L.66
111323 14 215 0.8 by33
28 2347 0459 2.5
7 1845 0,81 4,28
13214 4 22,1 042 2.6
28 237 0485 3.6

The results cbtained from the statistical analysis of the
cube strongth, for the mixes after 7, 14, and 28 days, shows
that, they are within the acoepatble range given in table
4,1 and 4,2, since the degres of control are within

excellent and geod sitec.
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CHAPTER FIVE

CONCLUSIONS aND RECOMMENDATIONS

CONCLUSICNS

From the foregoing research results conducted from the

laboratory tests of the nmuterinl, for a lighiweight concrete,

the Following conclusion can be made:

1o

2e

De

The specific gravity of the periwinkle shell aggregate
is 1,49, this make 1t a Ligiter material since it is

hetweemn the range of 1.0 = 2.4 of lipghtweight aggregates.

The elemental anclysis carried eut on the periwinkle
shells indicates the presence of caleium, magnessium,
gilicon, potassium and avmibilations These chemicals

are found in the composition of cement,

The workaobility test performed on the conerete made with
this materiel, shows that the mix 1:1%4:3 can effectively
be used in areas were reinforcement is needed, like
lintel, floor slab and beows, while that of 1:2:% can
not be used in such nreas, but for general flooring
work end strip foundation where reinforcement is not

needed,

The density range of the periwinkle shell concrete
obtained is between 1914 - 196?k{;/m3 slightly higher
than lightweight conerete of bwtween 400,5 - 1859kg/m3
and far below that of normel concrete of between

2355 = 2563kg/m3, thus making the periwinkle shell

concrete a medium density group of coneretse,
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6o

7

The compressive strength of the shell concrete is between
16.2 = 23.6N/mm2 which is above lightweight concrete

and comparable to the strength of normal concrete of
between 21 = 40N/mm2, this property alone mekes it

a good materiel for concrete work, since the mimirum
strength required for normal reinforved goncrete work

is 21NV mi,

The tensile strength at the age of 28 days is betweenm
145 and 1.59N/nmg of both mixces and this is within
the range of 1/8 and 1/20 of the cube crushing strength,

(as given by Elvery 1963),

In the bond strength test all specimen containing the
plain bars of 10mm and 12mm diameter pullout leaving

a round hole in the concrete, indicating low adhesion
and frictional resistance or bond failure, Wuhile
specimen containing the deformed bars of 10mm and 12rm
pullout loose mostly by bar fracturc and in two cases
by aplitting of concrete into twe sogment and splitting
of the concrete indicates high adhesion bhetween the

steel and the concrete,

From the abowe test, it shows that periwinkle shell

conerete can be used successfully for cast insity structural

members of two-three storey building, But for better results

it is adviseable to use deformed bars for reinforcement.
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5.2  RECOMMENDATIONS

After carcful study of the vorious propertics of the
material and the test on conercte made with the material,
inrelation to ita application ag a construction material,

The use of periwinklec shell concrete for reinforced concrete
construction of simple storey buildings shoudd be encouraged
as it does not only reduce the dead loads on the foundations,
it is also expected to improve sound, thermal insulation ag
well as dwrability and at the same time provide a cheaper

accommodation for the ever-growing populace,

The use of poriwinkle shcll concrete is however, not
recommended for construction of bases (foundations) in multi
storey building as a result of the punching effect on thce

bases, due to the low demsity of the concretes

lastly, further research should be carried out in the
near future an other propertics of liyhtweight concrete made
with periwinklec shells, such as: the percentage of chemical
composypeain the periwiniile shells, the static modulus of
elagticity, dry shrinkage and in bond strength, the use of
beam test method, the influcnce of bar cover and bond test

unlider repeated loading condition,

As these will furthermore improve cur understanding

of the behaviour of periwinkle shell concrete.
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AEEE;QEIX A: RESULT OF CRUSHING STRENGTH OF CUBES.

-

Table § = Crushing Strength of Cubes for Mix 1:13:3, W/C = 0,6

for 7 Days
“DATE | VETGHT | moey |5 AT | FALLURE | CUBE
S/NO. | MARK OF OF CUBE| . TEST LOAD STRENGTH
CAST (kg) {DAYS) (KN) Qy/md)
e A 11-2=89] 6,6 18=2=39] 7 380 16.9
2. " ] 6‘? " " 360 16'0
3, n T 6.6 1 i 384 171
b " " 6.5 i i 16 18,5
Se - " 646 " " 360 16,0
6o " 2h=3=89| 647 51=3=89 | 340 1541
7. " " 6.k " " 350 15.6
8. " " 6.6 L L 360 16.0
Fe " i 646 i " 1 350 1546
0, | " L R X i f 345 153
4. " i i 6.-’-* i " 385 172
12, " " 645 " " 380 1642
13, " " 6e5 " " 320 14,2
1, " " 6e7 " " 360 1€..6
15, " " 6e3 " " 315 14,0
16. " ] 6.1‘, ] i 3% 1?.3
1?. " i 6.5 n " I+C(‘) 1?.8
18, " " 6e6 " " 350 15.6
19. It " 6.4 n i }45 15.3
20, " " Ge5 " " 410 18,2
21. " " 6.6 " L 340 15¢1
22, " " 6e6 " " 380 1649
23 " " 6e7 M . L 7 1647
2k, " " 6e3 " " 360 1640
25. i L 6okt " " 360 16,0
26, " " 6e3 woopo 350 1546
- " " 6.6 " " 312 13,9
28, " " 645 " " 375 1647
29, " b 645 It " 410 18,2
30. " L Golt W " 355 15.8
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Crusging Strength of Cubes for Mix 1:2:4, W/C = 0,5

Table §2 -~
for 7 Days
“~BETE TWEIGHT TEer |08 AT “FALLOEE CUBE
S/NO.| MARK| OF [OF CUBE} [ | TEST 1OAD STRENGTH
CAST | (k) (DAYS) | (KN (W)
4, | B ) 15-2-B9] 6.7 |2-2.83] 7 450 20,0 -
2. |» " 645 L " 5400 17,8
3 " " G 6 ] " 4320 19,1 ...
b, | " 65 " " 380 1649
Se ] " 6.7 H It !+50 20,0
6. " 25-3=89] 6.5 [1-4s89 " 440 19.6
70 M " 645 '= " oo 17.8
8. | no | 6,7 Z no ] s | 1946
9. | * L Bukt " L 140 1946
10, # " 6e5 i " 400 17.8
1. " " 645 n n 420 18.7
124 f " Bak i i 410 18.2
13, L 4 a7 g i 420 18.7
. v " 643 4 g 390 1743
15 " " 6e3 " " 398 1747
16. " " 642 i " L40 19,6
17, " " o1 i " 410 18,2
18, " " 647 " it 420 18,7
19, " " 643 " " 360 1640
20, " " 6kt " " 390 17,3
21. n L 646 " " 450 20,0
22, " n 65 u i 420 18,7 ¥
23, |» L 65 " L 360 16,0 :
24, " " 6.4 " n 280 1649
25, v " 645 " " 410 1842
26, |" " 67 " " 410 1842
274 r " el " I 480 21,3
28, | " 643 i " 430 1941
29, " " 6.4 " i 400 17.8
30, i " Golt L 1 ka0 1847
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Table Q3 = Crushing Strength of Cubes for Mix 131333, WC = 0,6
for 14 Days
DATE [WEIGHT | oo AGE AT m CUBE
§/NO. | MARK | OF  |OF CUBEf ,.° | TEST LO4AD STRENGIH
CAST | (kg) (DAYS) | (KN) (/)
1. A2 | 11-2-89| 6.4 |25-2-89( 14 510 2247
2, " " 6e7 " " k6o 20,4
3 . " 6.5 " " 500 22,2
be . n 6.6 " " 480 213
5e . " 740 " " 520 2341
6o mo|22-3-89] 6.5 |5-4=09 | 500 22.2
7o ' " 646 " " 480 2143
Be " o 647 " " k8o 213
T " " 646 " " h60 2044
10, 1 " Bk " i 500 22.2
14 " " 646 " " 484 2145
12, " " Golt " v _ | 5ok 22.4
13, " " 66 | " " 460 20,4
14, 1 " 6.4 " il 480 21,3
e | " " 646 " 480 21.3
16, " " 6at " 3 460 20,4
17; n " 6.3 " " LYo 19.6
18, L " 645 " " 470 2049
19. » " 6.6 " " 420 18.7
20, o o Ge6 " 500 22,2
21. " " 645 i it 510 22,7
22, . N 66 " v 480 213
23, " " Golt i T 480 2143
2 ! " O " " 450 20,0
Se sl " " €7 " " 500 22,2
26, | » " 6¢5 » " 510 22,7
27 " 1" 65 f1 i L8o 21.3
28, " " 6e6 " " ) 20,0
29. " " 6.? " t Q?O 20.9
s " e 645 " " 480 21.3
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Table @4 =~ Crushing Strength of Cubes for Mix 1:2:4, W/C = 0,5
for 14 Days
DATE |WELGHT TEST AT | FALLURE CUHE
§/NO. | MARK oF OF CUBE| oo TEST LOAD STRENG
CAST | (kg) ‘ (DAYS) (KN) (/™)
B2 |15-2-89] 6.8 |1=3«89 [ 14 520 23.1
- " " 6.7 " o 500 22,2
3. " " 6.6 . X 500 2242
4, N " 645 " . 510 2247
Se L " 6.9 " L 520 23.1
6o " |23-3-89| 6.6 " " 420 2341
7 i " it 6-5 i i 1,{30 21.5
8' " n 6.5 i i 460 20.}_‘
R " " 6.8 1 " Bw b
10, " " Go6 i i 480 21.3
11 " " 6.8 " " 500 22,2
12. n L] 6.5 " " 510 22.7
13. n " 6.? n 1} ]+8,0 21.3
11,}. n ] 6.6 n i 1!-60 20.4
15- 1] i 6.8 1] i 503 22.2
16, " " 6.8 " i 500 2242
1?. n it 6.8 n 1] 462 30.6
18. " n 6.8 " in K80 2143
19, " " 6.8 " il 500 22,2
20, " L 6ol " " 480 213
21. " n 6.5 i i 510 22.7
22. " n 6.5 n " j,‘_% 21.8
23. n n 6.6 n H 500 22,2
21#. " n 6.7 " ] !*50 2040
25 " " 649 - ” 480 21,3
26. n " 6.6 " it 530 23'6
2?. " " 6.? n “ 1.70 20.9
28, " n 6.6 f " 500 22,2
29. N . 6.5 " " 510 22,7
20, 1] " 6.6 i " 500 2242
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Table - Crushing Strength of Cubes for Mix 111333, W/C = 0.6
for 28 Days
DATE  |WEIGHT | . . |AGE AT | FALLDRE CUBS
s/No, | MARK! OF  |oF CUBE| [ TEST | 10AD STRENGTH
CaST | (kg) (Da¥s) | (EN) (/o )
%o A3 |11=2-89] 6.7 |11=3=89 28 560 ka9
24 " n 6eb % ' 540 2440
3, 1" n 6.5 1 n 560 24.9
e " " 740 " " 560 2k,
Se " " 6.8 " " 565 2541
6. " |28=3=39| 6.4 [25e4=89| " 540 24,0
2 " " 6e5 i ] 560 21’;.9
8e N " 645 " " 540 2ke0
9 " " 6o " " 510 22,7
104 " " 6e5 " b 520 2341
1. " " 6ol " " 560 24,9
12, " o Golt " " 520 23,1
134 ; ! 6a7 " " 530 2346
e . 8 646 * " 540 24,0
154 L . (R . 1 500 22,2
166 " " 65 " " 500 22.2
17. " n 6.6 i i 520 23.1
18, " " 643 " " 520 2341
19. v " 6.6 " " 490 21.8
20s " " 6.7 " " 500 22,2
21 R o Gkt 8 " 510 22,7
22. 1" 1] 6.5 " " 550 24,9
23. " " 6.5 n it sm 25.6
2k, " " 6.7 " " 520 25,1
25, " " 646 " L 480 21,3
26, " " 6.5 it i 500 22,2
27 " " 64 1 " 550 24 b
28, " " 643 " " 540 24,0
29, « " 647 . . 540 2440
A ! i 605 ! : 520 23,1
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fable @6 = Crushing Strength of Cubes for Mix 112:hy W/C = 0.5

f
Il

for 28 Days o P ‘ -

DATE |WELGHT | joon | AGE AT | FALLURE | CUBE
S/NO, }MARK CF OF CUBE DATE TEST 10AD STRE]\GE’H
' casT | (kg) | - (DAYS) | (KN (/nmi”)
16 .. B3 |15-2-89 6.8 '|15-3-89 28 500 2242
2, " " 6. L ] 520 23,1
3, " " 6.5 i n 560 24.9
by " " 7.0 " " 568 2542
5' 1 ‘" 6‘6 i H i 560 21‘,.9
6. n 29—-5—8% 6.5 (2heb-89g W 560 2,9
76 1t " 645 tt ] 540 21‘,“0
8. 1§ n 6.6 b 1 520 23.1
Qe " §t 6.4 fi it 508 22.6
- 10, _ " " 6,0 AL 5k 24,0
1. H 1 6e5 i | : i 5'20 23,1
12, " " 6ol B " 480 21,3
13 " " T 647 " Y 520 . 2361
1, o "} 646 o " S60 24,9
15, t i T 6e5 “ s 520 23471
16. n f ' 6.6 n ] 550 2h b
17 1 " 6.7 " " 560 2k, 9
184 " L Gl " i 540 2440
19. " " €e5 " N 520 2341
20, " " 645 " " 540 2k,0
21, " wo| e " " 560 24,9
22, " L Gk L i 480 2143
23, 1" " 645 " it Lao 209
24, " " Ga8 1" 1" 510 2247
2De " " 646 " " 550 24,4
26, I " 6e8 " 1 500 22,2
27, " " 6.k " ' 570 ) 25,3
28, " " 645 " " 540 .20
29, i i 6!6 it it 520 23,1
o ol wfsn [ 2b [ s | e
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APPENDIX B:@ RESULTS OF CYLINDER SPLIT TEST
Table B1 = Tensile Split Strength for 28 Days
DATE | WEIGHT ] TEST AGE AT e fFALLURE TENSIIE
S/NO. |MARK| OF [OF CYLIN o | TBST 0 | LOAD | STRENGTH
CAST JDIR(gg) i+ — T _(DAYS) (KN) (/) |
Te A |28-3-89} 10,5 E3-1+-89 28 046 105 149
2. 1 v 1 10,6 Ll " " 100 1o841
j. u " 0.4 il it 1 99 1.40
1'% 1 " 10.6 ' " 1 l 110 1.56
5, n "2 90,5 il T " 100 1.41
| { | '
1 B 129-3-89] 10,9 [12-4-89) 28 0.5 | 135 1,91
2. " no ] 10,7 L L vl o 1,98
3. 1} " L 10‘5 1§} L} 1] 135 1.91
!+. 1 1l 1047 H ] " 138 1,95
Se " 1] 10.6 1t iv " 140 1.%
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APPENDIX C

Table C1 - Observed loads and Slips in Pullout Specimens

SPECIMEN

B

n R

EMBEDDED LENGTH

_150x300mm CONCRETE CYLINDER

MIX — - - TOAD (KN) AT SLIP OF MAXIMUM MANNER OF
MARK TYPE DLAMETER ﬁn-uv MQEOEMN.» O-BN%#E DaONmﬁ_BB Oonb.a HbjbCﬁZu FAILURE
(mm) (mm™)
A1 10 300 ?NW Nr. -ﬂm Nm « 00 u._woo UW.W Bar Fracture
" Deformed " " - 20450 26,75 31,75 34475 "
Bar
1 ._.__.m...L " " " " 23475 2770 33,00 U#-WO n
A2 10 " " 22,50 28,75 30,00 32,00 Bond Failure
" Plain " " " 23450 27,00 32,00 32,75 "
" Bar " " " 21,00 | 27.75 29475 31,00 "
B1 10 " " 22425 27450 35,00 35,00 Bar Failure
Deformed
" Bar n " " 30400 Wmawo Wr.omo Wr,cwh "
122 4 " it n " 24,75 | 29,00 3575 36,00 "
B2 10 " " 28,00 32,50 36,50 36450 Bond Failure
n Plain n . " 30,00 34.75 35.00 36475 "
& .3 " " " 28,50 | 30.00 35,50 37400 "
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Table C2 = Corresponding Bond Stress for Table 15 C')

. 150x300mm CONCRETE CYLINDER
mrx | SFECIMEN ljmmm@mb wmzmem BOND STRESS N/mm AT SLIP GF | BOND STZENGH
MARK (mm) () 0,0025mm | 0,025%mm | Oe25ktmm mm
A1l . 10 300 o425 2,63 2,97 3e71 377
3 UQMMMama " n " 2,18 2,84 3437 3469
i n 5 C
1:13:4 " ~ ) - sl G -
A2 " " " i 2439 3.05 Wogm u.g
" mwwwu " " " 2,49 2487 3,40 3,98
" i " it 2423 2494 3416 3429
B1 h H " Nlum Mt 2 Wlﬁa WO.NA
" omwonaﬁ i " " 3,18 345 3466 3466
e " E. " " " 2,63 3,08 3479 3.82
wm " " " NOW\N W-FW Uomﬂ ucmﬂ
Plain 5
! Bar ! " " 3,18 3469 3,71 3.89
" " " " 3,02 3,18 3,77 3493
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Table C3 - Observed Loads and Slips in Pullout Speeimens

MIX mwwnHv.ﬁz 4V BAR EMBEDDED LENGTH COCRRTS nmﬂﬁwmmﬁil WEE oF
Me.RK TYPE UH%MW,% () %”m 0.00250mm J0.025%mm | 0.258mm | 10D (XN) | FATLURE
A3 12 300 113097 3940 40,0 45,75 5045 Bar Failure
" UmMoHamn t " " L0.0 48,0 5540 55.0 "
pal L
21314 " " " " 4540 k7,75 53.0 54,0 "
A " n " 32.5 35.0 36 36 Bond Failure
" MWMWH_ n n n um wm wm .FO "
" " " " M 35.50 | 37 3845 .
83 " " " 48 40 5440 58.75 58,75 Bar Failure
" Umwmwama L " " 4745 - 5445 60.0 Splitting of Concrei
hi2s ! _. " " 50,0 5540 5640 6245 " -
BY i " " 38,0 4045 44 4,5 Bond Failure
" Plain " " " 3645 40,0 45,0 5,0 "
" i " " " 38 39.5 | 455 46,0 "
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Table C4 = Corresponding Bond Stresses for Table ('3
urx | SPECDMEN DED IENGTH — CONCRETE SEM%U —
MiRK ] WCE ARE T H.wma
(mm) 0600254mm |0,0254mm | Qo254 mm N/ mm
A3 12 300 11309,7 3445 3454 L2 Lok7
" UWM“HE " " " Utur. .F.Nh—. F.mm b..mm
” " i " 1 3,98 4,22 4,69 4,78
al " ] 1] 2.87 310 3,18 3,18
Plain
" — " " n 3,10 3,18 3436 3454
" f " L 3,01 314 3427 3.56
B3 it " " be2k 4,78 Del 520
n Ummwwﬂmﬂ n " n __.+|N - r.mm Se 0
o5k " 1 " n L 42 4,86 4,95 5¢53
n i " n g, 3458 3.89 3.9%
" ﬁwwwuu 1 n it 3,23 w-m}. W.g W-Wm
" " " " 3,36 349 4402 4,07
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APPENDIX D3 STATISTICAL DETERMINATION OF RESULES

The statistical analysis, calculations, graghs for histo-
gramg and normal probability curves are only shown for compressive

strengths of 7 days for mix 1:1}:3 and 1:2:4, Since the procedures

‘are the same for that of 4, and 28 doys, but the summaries of

ceare tho slas Lor Bhet of fee, oow JE o

the results are shown in table 4.3

LR

For Mix 1:13:3 (7 Days} ..

CIASS X | n nx =X | (x-T) - ‘
13 -~ 1t [ 13,50 1 | 13450 «2460 676
v <15 fawso ] 229,00 | ~1.60 | 1.26
15 =~ 16 15,50 | 15 [252.50 —0,60 0436
16 - 17 | 16.50 5 | 82,50 0440 Oe16
17 = 18 17.50 4 | 20,00 140 1456
18 - 19 | 18,50 3 | 55450 2,40 5476
300 (483400 6,27

ae statdstrcal analinie, oalodariotay cregne vor hisbow

. Mean strength (X} = nx/n = &gi..= 16410
. - : “o

———

16:23
20—

= 0.?5WR1H12

5 Standard deviation ( E;d =

b wesulis cwe shown dnoble .3

Co-efficient of variation (V) = & x 100 .

AR e Al Al AN RIEE e A AL T s Bk b vme et s . ra # o d e sy

o e S B B L
EREE T o ok 4‘\ ) Lot ) s - O.::E X '}OO = 4.66%
+. i ) Fac s st R b vt s iy
- ? ., ' i . : .. ) . 16.10 : 1 :
i o- L F o E R uv__'i‘,:\_'l‘.i_}-‘.i"_ i it
. i .
! b | AN !
: i - i _ i T e b H a\(z_\ : : 1 erlfs L
i : H { i
5 |[ . . 3 - !| . i L
O N S0 SO R - B B 11
| P | | z f
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For Mix 1:2:4% (7 Days)

14 1T
Cubes crushing sthkength,

1B

6}

g

|2

CIASS x n nx . h X=X (x-;c:?—-

16-17 | 16,50 | & | 66,00 | =200 | 4400

17 - 18 17.50 7 122,50 ~1400 1,00

18 - 19 18,50 9 [-1{.;,.,' ) 0«00 0,00

19 - 20 19,50 6 117,00 1400 1400

20 - 21 20,50 3 61450 2,00 | 4400

21 = 22 21,50 | 1 21,50 3,00 9,00
Mean strength (X) = mx/n = 555/30 = 18,50
Standard deviation (I5) = [2x=%X)'z [ K-00 _ (. 81¥m

Ve o

Comcfficidnt of vardation (V) = 9% x 100
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