QUALITY OF SANDCRETE HOLLOW
BLOCKS IN THE FEDERAL CAPITAL
TERRITORY, ABUJA.

BY

ALIU, ABDUL AZEEZ

(M.Sc./Eng. /G273/92-93)
A THESIS SUBMITTED TO THE POSTGRADUATE SCHOOL,
AHMADU BELLO UNIVERSITY, ZARIA
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE AWARD OF THE DEGREE OF MASTERS OF SCIENCE
IN STRUCTURAL ENGINEERING
DEPARTMENT OF CIVIL ENGINEERING
FACULTY OF ENGINEERING
AHMADU BELLO UNIVERSITY, ZARIA.

OCTOBER, 1998.



| hereby declare that this thesis has been composed by myself and it is a
record of my known research work. It has not been accepted in any publication for
a higher degree.

All quotations are distinguished by quotation marks and the sources

of information are specifically acknowledged by means of reference.

.

Aliu, Abdul Azeez



CERTIFICATION

[T

This thesis entitled "Qualitvy of Sandcrete Hollow Blocks
Produced in the Federal Capital Territeory”, Abuja”lby Aliu. Abdul
Azeez. meets the regulations governing the award of degree of
Master of Science (Structural Engineering) of Ahmadu Bella

University, and is approved for its contribution to knowledge.

E bt R an—03

DR. S.P. EJEH DATE
Chairman. Supervisory Committee

DR. K.J. OSINUBI DATE
Head of Department

PROFESSOR Y.J. oLA¥E
Dean. Post-Graduate School

iid



DEDICATION

This thesis is dedicated to Almighty Allah.



ACKNOWLEDGMENT

This project would not have been cc;mpleted without making
references to previous research works and publications.

I would like to acknowledge the authors whose works were quoted.
In the same respect, | would fike to thank alil those that contributed in one
way or the other towards the completion of this work. | am therefore
expressing my profound gratitude and appreciation to my project supervisor,
Dr. S. P, Ejeh (B.Eng., MSc., P.hD., AM.I.C.E., M.NSE.) Head, Depariment
of Civil Engineering for his encouragement, unfailing support, his various
criticisms, suggestions and direction in accomplishing this research work.

I am aiso grateful to Messrs D. A. Thomas and B. S. Friday of Dantata
and Sawoe concrete laboratory for their assistance in the laboratory part of

this research work.

| am indeed greatly indebted to all members of staff of the Civil
Engineering Department for their assistance and contribution during the
period of my studies.

Special thanks goes to my beloved wife, mother, brothers and sisters,
all of whom have conftributed in no small way toﬁards the completion of this

course through moral and financial support.

With the deepest sense of appreciation, { wish to acknowledge the
contribution of my friend and brother, Mallam Ismaill Mohammed whose

moral support has been of immense benefit to me.



CONTENT

TIRE PBUC i 5 55500905 55 5 nirmil @ n 5 somr s s 5 o = s eminmm s 5 5 o s s " o i
DOCIBrBUON = s v s svvinn o vs corevus o v woenie s § ¥ dslaera® 5 65 & HEaT s 0 7 ii
Certification . . .. .. i
OB - o » swsrus 5 6 ¥ Eenms & ¢ B0Eams & & 4 LOoaK 5 5 5 Y SUReEs 5§ s Y
Acknowledgment ... .. .. Vv
TS O OGN . s vra i s iara e s S rn i TR F ad ke s ns s Vi
LIS FIIIEE. oo ncais 5 2 0 v ommmvens & & Bt 3 ¥ FREGHREE & 8 0 REEAES & ¥ ¥ ¥ § X
LIBEDE PIBIRE .o sn 55 50ioinss 85 564036 58 EREERAT Ao s Badaimn l el Xi
RISt BT TEDISE vvan v v v ivvmis i 5  wmrpmeni m ¥ & & WA S ¥ & § QEgesms 5§ &5 & s Xii
Abstract . ... XV

1.0 CHAPTER ONE

1.1 Introduction . . ... . ... 1
12 ODIBEHIES < 5 ;5 comvs g @ 90w b 5 & Pean 3 5§ REEGEE ¥ ¥ § § Bevs 2
13 BeopmelVEK s s s caveras 5 « el s & » s s 5 » Lo 3
16 LB <. ccci s st s oetiig s s Rueng v ¥ P Beedn 5 4 8 § § LUEE 3
1.5 Outcomeof Resulls . ..... ... ... . . . ... 4

20 CHAPTER TWO

24 LIPS DU o ¢ ¢ pyswnu s © Sremamn @ ¥ § Semewmis & K § & 5
22 FOrmand Size . ...ttt e e 5
2.3 Compregsive Slrengtht . ..oviisirnminesvsonoie i s v 7

vi



2.4

2.9

2.6

2.7

2.8

2.9

2.10

2:11

212

213

2.14

2.15

2.16

2.17

2.18

2.3.1 Effect of Void Contenton Strength . ............ ... .. 11

2.3.2 Effectof Cementon Strength . ......... ... .. .. ..... 12
2.3.3 Effect of Temperatureon Strength . . ................ 12
PONBIY s c coviassssovmass v # 9m0us 55 s pee0@vs & § 8 HaRNEE 3 13
Drying Shrinkage . ...... ... . .. . .. ... 14
WalEr PEBOIPEI - i ioins s s qaavm i s svidnei v a s 8 femei .. 16
Fire Resistance and Thermal Conductivity .. . .............. 17
ASOUSHCPIOPBIies . ..o« iciimaiisanisiinipiss upansse 18
Resistance to Chemical Action . .....oovvuiiivovvmmens.. 19
ARIBINE ciiivnz 55 nasTmi 35 iaGEhS 5 g nEaNG 5 8 3 SAGTHea § 5 8 20
NIBLSIIRIB: . o oovi s 5 v pamnms 1 & wommnn s & meemms o x 8 CEmEes 8 s s 21
2.111 Cement .. ... .. e 21
2.11.2 SENY ccoma s 0 pvee o v 8 RERYRS § § ¥ RUSEE § § F £ 22
2.11.3 RUBRBIT woic i 5 ammwns & 5 5 SRmmeE § & § SEREES § & ¥ 126 23
Mix Proportion .. ... e 23
WS ComBritRAHD .. sivns sssanacleusss gioalas s g 24
PIOdUCHOIT &5 ¢ vumscen 5 5 oo 56 % o Demenn & o memmiem s a8 €8 24
Protectionand Curing . . .....coviniiiimn s, 29
APONEAUGH o v v ormnas vn pveas § ¥ © FOBRET ¥ K ¥ KERIUT X T E E 5 26
S GUINEY oo v nocvommn g g Sosn o s § A aaonn s s 6 AR Ea 55 ¢ 26
Collection of SAMPIEE « . s s v v oo 5 5 o pranes ¥ % v weews © % & » 3 28

vii



2.18
2.20

2.21

3.0
3.1
3.2
3.3

3.4

3.6
3id
3.8

3.9

4.0

4.1

4.2

BRI & womian o 5 8 EonuE 5 55 VTR G 8 5 SEind B 5 5 7 smegiBimons 29

IDEENE B . sonoss 5 % 2 masoems « & susssme ¢ & 3 P59 5 § 9 § DTSSEG 30
IR O . hioen i 5 5 6 iemiod 5 5 fmiEitg o 5 5 eentioem & » & oo e e 31
IR R o & x 5 anmwmcmm o 1 FNEGHEAE X ¥ B RN & B B § EE R & S 32
Industry £ . ... 33
CHAPTER THREE

TestResults .. ... ... ... ... e 35
Dry Strength Development . . ........... oo, 36
Wet Strength Development . ... . ... ... ... ... ... . ... . 39
Wel Conipressive 8enoth .. .-« cscovvnn s v v vosnase e s v wsis 43
Drying Shrinkage . ... e 53
YVietticig EXPRNRION o5 65 s cusimas s 5 biliimns 50 & sigsoas 4 5 8 4awi 54
Dersity Datemmination’ . : coeuws s s o oo s 5 v semmame s o % pemn 56
Water Absorplion . ... .. 56
BUE OB < i cvoinss s s paes 0 s 87 veans s & § BBarey § & & Parses 57
Sieve Analysis . ... . 58

CHAPTER FOUR

Analysis and Discussionof Results ...................... 64
SHORTIR .. v rosiems §s G0 an 5 EARTATE S E FEwTE S o ¥ PEURE § 64
4.2.1 Dry Strength Development . .........cccomeemsnreonns 64
4.2.2 Wet Strength Development .. ..................... 67

viii



4.3
4.4

4.5

5.0

(6]
—

5.2

5.3

4.2.3 Wet Compressive Strength . . ... ................... T

4.2.4 Ratio of Wet to Dry Development Strength . .. .. .. .. we 13
Density . ... 79
Drying Shrinkage and Weltling Expansion .. .. .. ... ... .. ... 79
SaNd . 80

CHAPTER FIVE

Conclusions and Recommendations .. ................... 86
COTCIIBIONE 5 5 v o v 4 § 5 Pawm 5 B § ¥ CEBMAS ¥ ¥ 8 WS < 5 5 8 a 86
Recommendations . .. ... ...ttt 89
ROTOTENNEE .cos s roramn 45 s@DaEE 8 S eVEaR K § 8 ¥ SRTHE B & ¥ 5 i N
PO vavmnn v o v v pin s 3 9 5 vidsses & % & sammmes 3 & semEae ¥ 5w 94

ix



10,
1.
12.
13.

14,

16.
17.
18.
19.
20.
21

22.

LIST OF FIGURES

Dry Development Strength for industry A e 65
Dry Development Strength for Industry B ................. 635
Dry Development Strength for industry C . ... ... ... ... .. . _. 66
DOry Deveiopment Strength for industry D .. ... ... ... .. .. 66
Dry Development Strength for Industry E ... . ........... ... 687
Wet Development Strength for Industry A .. ... ....... .. 68
Wet Development Strength for Industry B. ................. 68
Wet Development Strength for Industry C ... ... .. ... ... 69
Wet Development Strength for industry O ... .. ... ... ... ... 89
Wet Development Strength forindustry B ... ... ... .. 70
Fwet/Fdry Ratio in Percentages for lndustry A ... .. ... .. ... 74
Fwel/Fdry Ratio in Percentages forIndustry B . ........... .. 74
Fwet/Fdry Ratio in Percentages forindustrty G . .. ........ ... 75
Fwet/Fdry Ratio in Percentages forIndustry D .. ... . ... ... .. 75
Fwet/Fdry Ratio in Percentages forindustry & . ........... .. 76
Particie Size Distribution Curve for Sample A .. ... PR 80
Particle Size Distribution Curve for SampleB ......... ... .. 81
Particle Size Distribution Curve for Sample C .. ... ... .. 81
Particle Size Distribution Curve for Sample D ............ .. 82
Particle Size Distribution Curve for Sample & ... ... ... ... 82
Comparison of Wet Development Strength ... ........ ... .. 84
Comparison of Ory Development Strength ... .. ... oL 84
x Koo ..

B AV



7.

2.

3.

LIST OF PLATES

Bedded Block Sample Ready for Testing . ... ..............

Use of Stressentest Machine to Crush Block Samples ... . ...

Map of Federal Capital Territory, Abuja

xi



B.5. 2028 Dimensions for Sancrete Block .. ... ............. ?
The Average Compressive Strength for Various Sizes of Block . 2

Brying SHINKE0E ... consisiavrmios cicosms s s nosomasns L

Sample Result of Apparent Porosity, Water Absorption and Bulk

Density from PRODA Dense Refractory Block Samples ... ... 16
Number of Blocks Necessary forEachTest . . ............. . 20
Summaryof Site Survey . . ... . ... 34
Dry Development Strength of Industry A ... .......... .. ... 36
Ory Development Strength of Industry 8 .. ... . ... . ... ... .. 37
Dry Development Strength of Industry C . .. ... ... ... .. ... 37
Dry Development Strength of industry D .. . ... ........ . ... 38
Dry Development Strenath of Industiy E a8
caoimnbintea Oy LDeveiopimeaent Stength w)
Wet Development Strength of Industry A ... ... ... ... 40
Wet Development Strength of Industry B . ... .............. 40
Wet Development Strength of Industry C .. ... . ... .. ... .. 41
Wet Development Strength of Industry D ... . ... ... ... ... 41
Wet Development Strength of Industry € ... ... ... ... ... ... 42
Combined Wet Development Strength . . ... .. ... ... ..... 42
Mortar Cubes Strength of Industty A .. ... ... ... . ... ... 44
Maortar Cubes Strength of Industry B .. .. ... ... ... ... ... 44

xii



21.

22.

23.

24,

26.

27.

28.

29,

30.

32.
33.

34.

36.

37.

38.

38.

40.

41.

42.

43.

Mortar Cubes Strength of Industry C .. .. ... ... ... ... .. .
Mortar Cubes Strength of Industry D ... .. ... ... ... ...
Mortar Cubes Strengthof Industry E ... ...... .. ..........
Wet Compressive Strength of Industry A ... .. ... . ... .. .
Wet Compressive Strength of Industry B . .. ... ... .. . ...
Wet Compressive Strength of industry C .. .. ..............
Wet Compressive Strength of industry D .. .. ......... ... ..
Wet Compressive Strength of Industty E ... ... .. ..........
Dry Shrinkage for Industry A . .. ... ... ... ..
Dry Shrinkageforindustry B . ... .ocieieiiiinmmiionevnnn
Dry:Shrinkageforindustey G .. « - cvvvis 5 o 2 s © 5 w swras
Dry Shrinkage for Industry D .. ... ... .o,
Dry Shrinkage for IndustryE ... ...chsivvianvnis s nanonan
Wetting Expansion for Industry A ... .. ... .. ... .. ...
Wetling Expansionforindustry B . . ............ ... L
Wetting Expansion forIndustry C ... .....................
Wetling Expansionforindustry D .. ... .............. .....
Wetting Expansionforindustry E . .......................
Glansity Datermingbon . com, oo s swnin s v 2 oasens s o ¥ s e aeied
Water Absorption ... ...
RESUR OIS CORGNE . «.on5 5 5 50505 8 & & iE@ews s & § yvw o
Sieve Analysis of Industry A& . . .. oo v i i v en i s

Sieve Analysisof Industry B . .. .. ... ... il

xiii

46

47

48

49



47.
48.

49,

Steve Analysis of Industry C . . ... ... ... .. L. 61

Sigve Arraiveis of IuBtY L cucn s s vnennsssniemonss s 580 62
Sieve Analysis Of INAUBHYE . iuvsvivmmies i vanvnsswnwss 63
Wet Compressive Strength for all the Industries . ...... ... .. 72

Compared Values of Wet Compressive Strength in Percentage 73
Wet Development Strength of Development Strength

Raloin PEEONIAEEE o« o et v s sviomis & & o waieratn § ¥ ¥ & ats T3

Xiv



1.0 CHAPTER ONE

1.1 INTRODUCTION

A Sandcrete hollow block can be defined as a block made from a
mixture of cement, sand and water. A block is a willing unit, dimensionally
larger than bricks and has one or more large cavities passing through it and
the solid material is between 50 and 75 percent of the total volume of block
calculated from the overall dimension.

The nominal sizes of blocks are as follows: 100mm x 230mm x
460mm, 150mm x 230mm x 460mm and 230mm x 230mm x 460mm.

The specified nominal mixes of Sandcrete hollow blocks are between
one part of cement by volume to six or eight parts of sand (1:6, 1:8); with
water cement ratio of 0.6 and 0.9.

Sandcrete hollow blocks are either produced manually or by moulding
machines. Blocks produced are cured for a minimum period of seven days
and a maximum of twenty eight days.

Sandcrete hollow blocks used for walling units are widely used In
Nigeria. Because of the fact that Sandcrete hollow blocks constitute a high
percentage of concrete work in the building industry, its importance cannot
be neglected. Due to high demand of Sandcrete hollow blocks, numerous
block making factories sprang up. This project is intended to study the
physical properties of Sandcrete hollow blocks produced in the Federal
Capital Territory, Abuja for the purpose of testing their quality if they meet

the required specified standards.



To obtained general information in respect of material, choice of mix,
sizes, manner of curing and mode of production used in producing
Sandcrete hollow blocks in the F.C.T. initial site visits were conducted.

The second site visit involved the collection of samples from the
selected industries. The territory was divided into five zones and a town
was chosen from each zone. A well equipped biock industry was chosen
from each town where block samples were collected. In each industry fifty
{50) samples were collected. In all, two hundred and fifty (250) hollow block
samples were collected from the five industries for various standard tests in

the laboratory,

1.2 OBJECTIVES

The objectives of this research are to find out:

a) How suitable are the raw materials used for the production of
Sancrete hollow blocks.

b) Methods of production and procedures used in different block
industries in the F.C.T.

c) The quality of the finished Sandcrete hollow blocks.

d) To compare the results of above with existing international and local

standards as well as the results of technical papers.



1.3 SCOPE OF WORK

ln order to realise the set objectives, the following form the scope of work:

a) Review of previous work on Sandcrete blocks.

) Sieve analysis to determine type of sand used.

C) Conduct laboratory tests on samples of Sandcrete hollow blocks
cellected from biock industries. The standard {ests conducted are the
dry development strength, wet development strength, wet
compressive strength, density, moisture movement, drying shrinkage

and dimensional measurement.

1.4 LIMITATION

| In the course of visits to the various block industries for the collec.tion
of necessary information for the research work, one encountered the
problem of fluctuation in the price of Sandcrete hollow blocks. This was due
to the hike in price of Portland cement and sand,

Also, the workers in the industries were sluspicit.nus of the visits being
paid to the industries. As a result, they were not willing to divulge the
necessary information required from them. This was solved by paying
frequent visits to the industries and making friends with the workers.

Some of the industries visited were very remote and transportation
became a problem. in the process of conveying the Sandcrete hol‘low
blocks from these remote areas to the laboratory, quite 2 number of the

blocks got broken.



In order to still have the sufficient number of blocks required for the
lests. Sand was spread on the floor of the truck before stacking for

conveyance and excess Sandcrele blocks were purchased.

1.5 OUTCOME OF RESULTS

From the test resulls, it was observed that most of Sandcrete hollow
blocks produced in the Federal Capital Territory, Abuja are generally fow in
quality compared to specified standards. The average 28 - day dry
development strength of the five industries are 0.86N/mm?, 0.8 1N/mnr ,
O.77N/mm’, 0.81N/mm” and 0.83N/mm’ respectively. While the average
values of the wet compressive strength of industries A, B, C, D and E are
0.49N/mm?,  0.46N/mni, 0.46N/mm , 0.48N/mim and 0.44N/mm
respectively, the average density of the block samples were found to be
1042Kgim’, 1060Kg/m®, 8948Kg/m”*, 1020Kg/m* and 960Kg/m’ for industries
A. B, C, D and E respectively. However, these values do not meet the

specification in the relevant standard.



2.0 CHAPTER TWO

2.1 LITERATURE REVIEW

Sandcrete hollow biock is a consiituent of three main materials
namely: Cement, Sand and Water. Cement is the chemically active
constituent and acts as a binding material, but its reactivity only comes into
effect on mixing with water. The sand piays no part in the chemical reaction
but its usefulness arises from the fact that it is an economical filler material
with goaod resistance to volume changes which takes place during mixing
and improves the durability of the block.

The properties of the Sandcrete blocks depend on a varying degree
on the type and proportions of the constituent materials, the manufacturing
process, and the mode and duration of curing employed, as well as on the
form and size of the block itself /9/. Some of the properties of Sandcrete
blocks are strength, density, moduius of elasticity, dimensional changes,
durability, efflorescence, fire resistance and thermal Conductivity.

Several studies have been carried out on Sandcrete hollow blocks.
However, reference materials generally made use of are the Nigeria

Industrial standard and British standard specifications for Sandcrete hoilow

blocks.

2.2 FORMAND SIZE

The shape and size of Sandcrete blocks should be regufar to facilitate

bonding. British standard 2028, 1364, 1968 defines a block as walling unit

5



TABLE 1: B.S. 2028 DIMENSIONS FOR SANDCRETE BLOCKS

TYPE WORK SIZE (MM) o
LENGTH HEIGHT THICKNESS
A B 390 90 75, 90, 100, 140, 190
r 140
A 420 215 175,90, 100, 140, 190,21
B 440 190 75,90, 100, 140, 190, 21
590 215
260
160
215
c 390 190 60, 75
440 190
590 215
260
190
- 215

2.3 COMPRESSIVE STRENGTH

The compressive strength of hoflow Sandcrete blocks is of prime
importance amongst its other properties.  Several factors affect the
compressive strength of hollow Sandcrete blocks and the most important
factors are: void content, age of cement, amount of cement, water content,
fine aggregate, temperature and curing conditions.

According to lloghalw8/, who compared the properties of fired building
bricks against that of Sandcrete, he stated that the variables that can easily

affect the strength of a cement product are many, namely water/binder ratio,



concluded by recommending that the manufacturers of Sandcrete I‘m[low
biocks should be mandated by the standard organization of Nigeria to
undertake periodical testing so as to ascertain that their products conform
with the specifications. Thus, have test certificates attached to their
products. In addition, the users of Sandcrete hollow blocks should always
demand a certificate of test from producers to ascertain that the blocks
being purchased are of good quality.

In a paper titled "soil stabilized compressed blocks for Civil
Engineering works" jointly presented by Ola and Awoleye/11/ at the seminar
on the use of clay bricks and hlocks for the provision of cheaper and d.urable
housing in October 1985 at Zaria, they jointly observed that:

(a} The compressive strength of soil - cement blocks increases
appreciably with increase in cement content.

(b) The compressive strength of soil - cement blocks increases
appreciably with increase in compactive effort up to a compactive
effort of about 8MNm? when subsequent increase is no longer
appreciable.

The increase in strength for 3 percent to 9 percent cement content for
the local brick sizes are from 0.81MN/m? to 2.30MN/R , 1.12Mr\iﬁ1 to
2. 60MNm?, 1.65MN/m? to 3.65MN/m?, 2. 1MN/m? to 4.96/m? for compactive
effort of TMNm?, 2MN/m? 4MN/m? and 7MN/m? respectively. They/11/ also
observed that variations of compressive strength with size of blocks showed

that large size blocks appeared to have smaller compressive strength.



Also studies have been carried out into the strength of other walling
units. The findings of Florek and Ejeh/7/ are stated below:

(a) Development of dry compressive strengthﬁ of soilcrete hollow blocks
continues over the years since complete hydration of cement mixed
with laterite cannot be attained.

(b)  The minimum wet to dry compressive strength ratio is 0.4 and the
average wet to dry compressive strength ratio for blocks is about
0.65.

Ejeh/5/ in his studies bn "compressive strength of soilcrete
hollow blocks" made the following findings:

(a) The soilcrete hollow blocks will fully develap its full compressive
strength after curing by spraying with water and covering with
cellophane matenals for about a week.

(b)  Soft boards should be adopted as the contact layer for the
compressive strength test for soilcrete hollow blocks, this is due to the

fact that it gives higher compressive strength than the rest packing

materials.

Compressive strength is calculated as crushing load divided by the
gross area of the specimen /16/. The compressive strength of the block is
in N/mm?. The British standard specification /16/ gave seven strength
categories for type A blocks ranging from 3.5N/mm? -35N/mm? and for type

B blocks two strength categories 2.8N/mm? and 7.0N/mm?. According to BS

i 173359



2028 116/ the average compressive strength of type A block is given as
3.5N/mm* while the lowest individual block is given as 2.8N/mm~.

The strength of block when tested in accordance with the Nigerian
Industrial standard /22/ should not be less than 3.45N/mm‘ and the weakest
individual block in the test sample must not less than 2.59N/mm~.

However the Federal Ministry of work during an annual conference in
Kano 1985 /6/ decided to lower requirements for precast concrete blocks
produced in Nigeria due to the fact that the blocks will not be subjected to
severe climatic conditions. The ministry recommended that the average
compressive strength of 3 blocks should not bee less than 2. 1N/mm* while

the lowest compressive strength of individual block should not be less that

1. 7N/mmv’.

2.3.1 EFFECT OF VOID CONTENT ON STRENGTH

If the block is inadequately compacted, air voids will remain in the set
sandcrete hollow blocks. According to Jackson /9/ partially compacted block
will contain a large percentage of voids and the sandcete strength will drop.
On the other hand, water in excess of that required for full hydration
produce a somewhat porous structure resulting from loss of excess waler

even for a fully compacted sandcrete.

A ™ n -
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2.3.2 EFFECT OF CEMENT ON STRENGTH

The influence of cement on concrete strength for a given mix
proportion is determine by its fineness and chemical composition /9/. The
gain in strength is rapid at early ages and after 28 days the relative gain in
strength is much reduced. It is apparent that cements containing relatively
high percentage of tricalcium silicate (c,s) gain strength much more rapidly
than those rich in dicalcium silicate (c,s), however, at a latter age the

difference in the corresponding strength value is small.

2.3.3 EFFECT OF TEMPERATURE ON STRENGTH

Temperature increase affects the sandcrete blocks as it fastens the
hydration process. If the block is well cured the temperature increases the
rate of gain of early strength since there would be no water loss due to
evaporation. When water loss due to evaporation is not replaced,
temperature increase would adversely affect the strength of the sandcrete

hollow blocks.

Boeck, Chaudhuri and Aggarwal /4/ jointly carried out a study on
“Sandcrete hollow blocks for Building - A detailed study on mix composifion,
strength and their cost’ and came out with the following conclusions:

a. The weight as well as the compressive strength of a sandcrete block
increases with the increase in cement content, also with the addition
of coarse aggregate (5-10mm stone chipping) to sand. The

compressive strength is highest with the addition of 45 percent coarse

12



aggregate. It is always economical to add coarse aggregate than
more of cement, for getting higher strength.

b. The compressive strength in the wet state is about 80 percent of the
strength in dry state.

C. If sandcrete blocks are tested for compressive strength without
bedding their faces with cement- sand mortar, the values obtained are

erratic, generally low by about 15 percent.

24 DENSITY

The ohject of compaction of concrete and concrete products is to as
much possible reduce air voids leading to increased density of the product,
For sandcrete blocks, density is largely a function of aggregate density ,
size, grading, degree of compaction and the block form.

in general, for a given set of materials and compaction pressure the
strength of a concrete block will increase with its density. The British
standard specification /16/ states that the block density of type A blocks
shall not be less than 1500kg/m” and types B and C blocks shall be less
1500kg/m’.

It has been found that the density of solid or hollow blocks will mainly
be determined by the type of aggregate used /7/. Light weight aggregates
give units of lower density. Floreck and Ejeh /7/, obtained an average

density of 1880kg/im® for the solicrete hollow blocks (400mm  x

150mmx150mm) produced by Occidental construction company in Zaria.

13



Appendix B of British standard 2028 /9/, the method for the
determination of black density clearly spell out the procedure for the
determination of density as follows:

a. Take at random three whole blocks from the sample.
b. Calculate the gross volume of each the three blocks.
C. Weigh each of the three biocks to he nearest 0.05kg.
d. Calculates the block density of each block, using the formula:
Block dlehsity in kg/m*® = weight
Gross Volume.

e. Report the mean block density of the three blocks to nearest 10kg/m?

2.5 DRYING SHRINKAGE

Several factars influence the overall drying shrinkage of sandcrete
blocks. These include the shape and size, type of cement and finess,
relative humidity of the environment, the water- cement ratio, and amount
of curing, this, subsequently would lead to dimensional changes of the
sandcrete blocks. According to Jackson /97, the drying shrinkage in
concrete is directly proportional to the water-cement ratic and inversely
proportional to the aggregate-cement ratio. When concrete which has been
allowed to dry out is subjected to a moist condition, it swells, however, the
magnitude of this expansion is not sufficient to recover all thee initial
shrinkage even after prolonged immersion in water. For a given water-

cement ratio, shrinkage increases with increasing cement content,

14



The British standard specification /16/ specified that the average value

of drying shrinkage of the sample shall not exceed the values given in the

table 3 below.

TABLE 3: DRYING SHRINKAGE

[ =N
rs
3

)
e
2

BLOCK TYPE AVERAGE COMPRESSIVE

BLOCK DENSITY

MAXIMUM DRYING

STRENGTH (Nfmm?) (kg/m®) SHRINKAGE (%)
A Less than 10.5 Al 0.05
10.5 and above All 0.06
B less than 7.0 over 625 0.07
7.0 and above 625 and less 0.09
All 0.08
C All blocks over 625 0.08
625 and less 0.09

Sandcrete blocks shrink with loss of moisture down to an air dry condition.

If moist units are placed in a wall and this natural shrinkage is restrained, as

it is often the case, tensile and shearing siress are developed which may

result in cracking. Sandcrete blocks should be dried to at least the moisture

content limitations of the applied specification before use /12/ From the

aforemention, it is imperative that sandcrete blocks produced should be

adequately cured and protected from moisture and high temperature from

its production stage to usage so as tc prevent excessive shrinkage which

might subsequently lead to cracking of the sandcrete blocks.
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26 WATER ABSORPTION

Absorption may be defined as the ability of the concrete block to draw
water into its voids. And this is expressed as the ratio of the increase in
weight to the weight of the dry sample as a percentage. Sandcrete block
which readily absorbs water is susceptible to deterioration.

lloghalu /8/ in his work, carried out test on water absorption of both
solid and perforated bricks and states that in a production factory, the
determination of water absorption is used for quality control, because it is
much simpler and less time-consuming than the measurement of porosity.
This is because absorption tests are good indications of the apparent
porosity of brick. For most ceramic the apparent porosity is approximately
twice the figure obtained for water absorption. Table 4 below shows the
relationship between water absorption and apparent porosity.

The Nigerian Industrial standard 74 /21/ specifies that the average
water absorption of common building bricks shall not be more than 25

percent by weight after immersion in water for 24 hours.

TABLE 4: SAMPLE RESULT OF APPARENT POROSITY, WATER
ABSORPTION AND BULK DENSITY FROM PRODA DENSE
REFRACTORY TEST SAMPLES.

SAMPLE NO APPARENT WATER BULK DENSITY
POROSITY (%) ABSORPTION (%) | Kg/m’
1 35.37 20.26 2.27
2 36.36 21.09 2.71
3 36.04 20.95 2.70
4 34.08 19.34 2.68
5 34 .45 19.58 2.69
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The absorption test immediately gives the idea of how porous and more
importantly how permeable a block is. Too porous a brick will cause
dampness and also the migration and consequent deposition of soluble
salts from the interior of brick to the outside forming whitish colouration
known as efflorescence. /8/

Due to the porosity of sandcrete block which arises from the use of
water in excess of that required for purpose of hydration in order to make
the mix efficiently workable and the difficulty of completely removing air
during compaction, sandcrete block absorbs water. Permeability decreases
with decreasing water-cement ratio and is affected by both the finess and
chemical composition of cement. Coarse cements tend to produce pastes

with relatively high porosity /9/

2.7 FIRE RESISTANCE AND THERMAL CONDUCTIVITY

Generally, Sandcrete blocks have good fire resisting properties.
Compared to bricks, Sandcrete blocks have low fire resisting properties.
However, the degree of fire resistance is dependent on the type and grading
of aggregate, cement content, weight, thickness of block and its moisture
content,

Concrete blocks of 100mm thickness can provide an adequate

resistance of fire up tc 2 hours if load bearing and up to 4 hours in non load

bearing /9/.
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Sound insulation is a function of both sound absorption and :sound
transmission. Sound absorption is a measure of the ability of a surface to
reduce the refiection of incident sound, most surfaces have very little sound
absorption while porous or otherwise irregular surface are more effective in
this respect.

Studies have also shown that the amount of sound transmitted
Increases as the density of block decreases while the amount of sound

absarbed increases as. the amount and size of voids increase.

2.9 RESISTANCE TO CHEMICAL ACTION

In Sandcrete biocks, sulphate attack cause deterioration of the block
and mortar. Efflorescence which is the deposition of soluble salts forming
whitish discoloration of surface of biock has been known fo occur when the
hydroxides of sodium, potassium or calcium react with free carbon dioxide.
In mortars containing portland cement, the result of this reaction is that the
crystals so formed cause expansion in mortar leading to reduced strengtkh.
121 |

The Nigerian industrial standard 74:1976 /21/ states that the rate of
effiorescence shall not be worse than moderate, that is, when area cbvered
by the salt deposit is greater than 10 percent and less than 50 percent of the
area of the bricks surface but unaccompanied by powdering or flaking of the

surface.
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2.10 SAMPLING

It is essential that before tests are conducted sampling of the blocks
must be done so as to obtain a good representative sample c.:rf the
consignment.

The sample of blocks shall then be marked for future identification of
the consignment it represents. The blocks shall then be kept under cover
and protected from extreme conditions of temperature, relative humidity and
wind until they are required for test /16/.

The British standard spegification /16/ gives the number of blocks

necessary for each test in the Table shown below:

TABLE 5: BLOCKS NECESSARY FOR EACH TEST

PURPOSE FOR WHICH REQUIRED ) NO. OF BLOCKS
NECESSARY
TYPESACRB | TYPEC
Checking and measurement of dimension 10 10 ‘
Determination of density 3 3
Determination of strength | 10 5
Determination of drying shrinkage and/ or wetting expansion 4 4
Spares 3 3
Total required for full set of tests. ' ' 20 [5
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2.11 MATERIALS

The constituent materials used for the production of sandcrete blocks
are sand, which is a chemicaily inert material, cement, which is a binding
material and water which initiates the chemical reaction that produ_ce the
binding qualities of cement.

Each of these materials must conform with estabiished specifications

50 as to achieve reasonable results.

2.11.1 CEMENT

The cement referred to here is the ordinary portland cement. It should
conform with the regquirements of BS12I:1971 Portland cement (ordinary and
rapid hardening) or the Nigerian Industrial standard 11: 1974,

The principal requirement is that the cement should be aple to
produce strong, densé, durable sandcrete block with definite setting and
hardening characteristics.

Portiand cements are made by calcining a slurry of clay (sllica, alin:tina
and iron oxide) with limestone (calcium carbonate), in a rotating kiln. The
resulting clinker, with a smali proportion of gypsum to retard the setting of
cement, is ground to a powder. The finess of which influence the properties
of the product /1/. The finer the grinding, the more rapid the rate of
hydration. The Nigeria Industrial Standard 11:1974 /20/ specified that the
ordinary Portland cement shall have an average specific surface of not less

than 2500 cm?g. Initial setting time should not be less than 45 minutes and
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the final setting time should not be more than 10 hours. It went further to

state that the ordinary portiand cement should not have an expansion of

more than 10mm and if aerated 5mm.

2.11.2 SAND

Sand is the largest ingredient of the sandcrete block mix. It occupies
at least 75 percent of the volume of sandcrete block.

The bond between sand and cement is an important factor
determining the sandcrete block strength. Bond strength is influenced by the
size of the aggregale, its surface texiure and cleanliness. A batch of sand
containing grains of approximately the same size would have voids between
the grains which would eventually affect the strength of the block. A batch
containing various grain sizes would resulit in increased strength because
the small grain would fill the voids hetween the larger grains to make a
satisfactory dense material.

A fine coating of impurities, such as silt or clay, on the aggregate can
also result in a poor bond. So, itis important that the sand o be used should
be as clean as possible and free of deleferious material.

According to the Nigerian Industrial standard /22/ the sand to be used
for producing sandcrete blocks shall be approved clean sharp, fresh water
or pit sand free from clay, lcam, dirt, organic or chemical matter of any
description and shall mainly pass through 4.70mm or fall within zones 1 and

2 of British standard test sieves.
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Sand exposed to rain is able to retain moisture on the surface of the
particles. As water is a constituent of sandcrete blocks, it becomes very
necessary to know the amount of water which is actually present in sand,

This maisture imust be allowed for in the calculation of batch quantities /1/.

211.3 WATER

Water for production of sandcrete blocks should be reasonably free
from impurities such as suspended solids, organic matter and salts, which
may adversely affect the setting, hardening an;l durability of the sandcrete
block. Water, in addition to reacting with cement and thus causing it to set
and harden, also facilitates mixing, placing and compacting of sandcrete
blocks. It is also used for curing purpeses. In general, water fit for drinking
satisfies this requirement. The use of seawater which contains salt does
appear to have sorﬁe effect on portland cement concrete because ';t is
known to cause surface dampness, effloresences and staining and should

be avoided where concrete of good appearance is required /9/

2.12 MIX PRODUCTION

The Nigerian Industrial standard /22/ states that the mix used for
sandcrete blocks shall not be less than one part of cement to six parts of
sand (1:6) up to a mix of one part of cement and sand of eight parts (1:8) by

volume.

473334
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2.13 WATER: CEMENT RATIO

A sandcrete mix containing minimum amount of water required for
complete hydration of its cement, if it could be fully compacted, would
develop the maximum attainable strength. Depending upon the degree of
workability required and the strength, water/cement ratio ranging from 0.6 -
0.9 has been recommended for sandcrete block.

A partially compacted mix will contain large percentage of voids
leading to reduced strength. On the other hand., while facilitating
compaction, water in excess of that required for full hydration produces a
somewhat porous product resuiting from loss of excess water /9/.

A low water. cement ratio also reduces the shrinkage of sandcrete

blocks and increases its durability and strength.

2.14 PRODUCTION

Sandcrete hollow blocks could be produced manually or mechanicglly.
the cement and the aggregate are first properly blended during the mixing.
Water is then added untit a homogenous material in which each particle of
sand is entirely covered with cement paste is achieved.

The thoroughly blended homogenous material is now depositéd ina
mould and then compacted, this is followed immediately by the extrusion of
the pressed blocks so that the mould can be repeatedly used. The blocks
are then released directly unto pallets which are hand loaded.

Since the finished blocks are required to be self supporting and be
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able to withstand any movement and vibration from the moment they are

extruded, the mix is always drier than the normal concrete mix.

2.15 PROTECTION AND CURING

The need for adequate curing and protection of sandcrete blocks
cannot be overemphasized. It is not only good énough to use a good mix in
the production of sandcrete biocks but to also cure them adequately.
Since newly molded blocks contain free water, it is very necessary to protect
them against high temperature. High temperalure may resultin evaporaiion
of water leaving insufficient water to hydrate cement.

Consequently, this would lead to reduced strength and durability . To
prevent surface cracks, sandcrete blocks should be placed under a shed for
the first 72 hours so as to protect them from direct sun rays, wind and rains.
This should be continued for the next 7 days and during this period, the
blocks should be in contact with moisture by sprinkling them with water in
the morning and evening. This trea{ment is know as curing. The main aim
of curing is to keep the block saturated until the original water filled space
in the fresh concrete paste has been filled by products of hydration /4/. As
long as the temperature is favorable and moisture is present, the chemical

process of hardening continues at a diminishing rate for an indefinite period.
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2.16 APPLICATION

The main uses of bricks and biocks are as units laid in mortar to form
walls and piers /1/. individual blocks when bonded together with mortar is
referred to as block work or block masonary. They could also be used for
exterior and interior load bearing walls, curtain walls, panel walls, partitions,
columns and retaining wall /12/, Use of sandcrete blocks give good
insulation properties against heat transfer.

Unlike in-situ concrete, no support is needed to vertical surface during
construction and also complex shapes can be built, which in concrete would
require equally complex and costly form work.

However, the appearance of walling is much affected by that of
mortar. The strength in compressicn of brickwork and block work can be
high, but unless the work is reinforced, tensile strength is usually ignored in
design. There is no strength advantage in using very strong mortar with

weak biocks, in fact, mortar should generally be weaker than the units /1/.

217 SITE SURVEY

The survey covered the entire Federal Capital Territory as visits were
made to the various block industries. For the fact that the Federal Capital
Territory, Abuja is made up of four Area councils and this survey was
supposed to cover five zones, the biggest amongst the four area councils
which is the Municipal area council was divided into two zones. From each

zone a town where block industries thrive most was selected.
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South, Abaji in West, Gwagwalada in the center and Nyanya in the South-
East of Garki. About fifty block molding industries were visited.

Prior to this, several preliminary site visits were made to various block
making industries in the Federal Capital Territory to collect information on
the mix, mode of production, sizes of blocks produced, curing, type of
material, cost and number of workers employed by the industry. After the
analysis of the data obtained from the various industries, final visits were
made to the selected five industries which are fairly scattered within the
territory. These industries have large production capacities, moulding
machines and are well patronized. The map below shows the Federal

Capital Territory and the selected towns where the industries are located.
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218 COLLECTION OF SAMPLES

Frﬁm the selected industries, fifty (50) block samples were randomly
selected from each industry. On the whole, two hundred and fifty (250) block
samples were collected. In the course of the survey, problems were
encountered as some of the block moulders were suspicious and very
unfriendly while some were very uncooperative and hostile.

From the various site surveys carried out within the territory, two types
of portland cement were commonly used and these are Benue cement and
Ashaka cement.

These brands of cement were sold at different prices. More expensive
is the Benue cement which was sold for )8430.00 per 50kg and Ashéka
brand sold at N400.00 per 50kg bag. It was observed during the site survey
that cement was not adequately stored as they are stacked on bare floor in
a store.

Tap water was used in all the industrigs visited but this was not
adequately stored as the water was stored in open underground tank made
of concrete or sandcrete blocks and this got contaminated with time.

The block moulding machine generally used is the Roesacometta type
which vibrates the block during filling and compaction. One block is
produced at a time. The survey also revealed that the most commonly used
sizes of sandcrete hollow blocks are the 230mm x 230mm x 460mm and
150mm x 230mm x 460mm. On request, the molders could produce the

100mm x 230mm x 460mm size of sandcrete hollow blocks.
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In all the industries volume batching was employed. The sand was
measured out by using wheel barrow and the mixing of cement and sand
was done manually.

Blocks so produced from the mix are placed in the open air
immediately after production subjecting them to harsh atmospheric
conditions such as severe sunshine, rainfall and wind. The blocks are then
cured with water once daily for a period of two to three days before selling.
Sometimes due to delay in molding, the mixing water evaporates leaving the
sandcrete mixture slightly stiff. To restore workability additional water is
added.

The survey also revealed the calibre of people working in the block
making industries. These include foreman, operator, mixer, driver, store
man, cashier and unskilled laborers.

For identification purpose, the chosen industries are designated as

A, B,C,D, and E.

2.19 INDUSTRY A

Industry A represented a block making industry located in Karmo town
which is North- East of Garki. This industry has been in existence for five
years now and has ever been producing sandcrete blocks consistently.

It was observed that the sand used here was from River Mpape. Two
types of block sizes of 230mm x 230mm x 460 and 150mm x 230mm x460

are produced by this industry. The brands of Portland cement used by the
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company are the Benue cement and Ashaka cement. These were stacked
on bare floor made of cement screed. Water used here was pipe borne
water which was stored in open tank and got contaminated with time.

In this industry, a mix of one part of cement to ten parts of sand (1:10)
by volume was mostly used. Water was then added until a reasonable
consistency was achieved by using manual mixing. Daily, about one
thousand two hundred sandcrete blocks of size 230mm x230 x460mrﬁ were
produced. Blocks produced were then cured for three (3) days by spraying
water twice a day. Due to inadequate space, the cured blocks were then
stacked above one another five blocks high. The type of machine used for
the production of the sandcrete blocks was the vibroblock Rosacometta
type. On employiment in the block industry are ten (10) workers comprising
the fereman, lwo operators, two mixers, one driver and four unskilled
laborers. The hollow sandcrete blocks were sold at the rate of twenty five
naira per block and the cost of transportation, loading and off loading was

five naira per block.

2.20 INDUSTRY B

This industry B denotes a block making industry located in Kuje town
which is about forty {forty) kilometers from Garki, the city centre. Two types
of holiow sandcrete blocks are produced by this industry: 150mm x 230mm
x 460mm and 230mm x 230mm x 460mm. The survey carried out indicated

that the brands of ordinary Portland cement used were Benue cement and
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Ashaka cement. These were stacked on bare floor in a store.

For the production of sandcrete blocks, a mix of one part of cement
to twelve parts of sand (1:12) by volume was Lrsed. Waler used is pipe
borne which is stored in underground tanks.

On the average, about one thousand three hundred blocks were
produced daily using the vibroblock Rosacometta machine. Source of sand
was from a pit.

Curing of blocks was done by spraying waler twice a day for three
days. The cured blocks were then stacked to make space for more blocks

to be produced.

The blocks were sold far twenty six naira fifty kobo each. The cost of
transportation, loading and off loading per block was six naira.
On employment of the company were ten (10) workers comprising two

operators, three mixers, and five unskilled laborers.

2.21 INDUSTRYC

The sand in this industry was obtained from a pit outside the town.
This industry is located in Gwagwalada in the center of the Federal Territory

and about forty five kilometers from Garki, the city center.

The types of sandcrete hollow blocks of sizes 230mm x 230mm x
460mm and 150mm x 230mm x 460mm were produced by this company.

The cement used was from Benue cement company.
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A mix of one part of cement to ten parts of sand (1:10) by volume was
used. Over nine hundred blocks were produced daily. The blocks were
cured for three days by spraying water once daily. The blocks were stacked
five blocks high.

The blocks were sold at twenty four naira each. The cost of
lransportation was seven naira each.

On employment in the block industry are seven workers comprising one

foreman, one operator, three mixers and two unskilled laborers.

2.22 INDUSTRY D

This industry is located in Abaji. Abaji is a town located in the West
of the Federal Capilal Territory, Abuja, and is about 100 kilometers from
Garki the city center. According to the manufacturers, the industry is about
three years old and had seven workers. The workers are one foreman, one
operator, one securily man, one cashier, and three unskilled workers.

It was observed that the types of blocks produced by this industry
were 150mm x 230mm x 460mm and 230mm x 230mm x 460mm. The
brand of cement used was Ashaka. The source of water in the industry was
pipe borne stored in an open tank made of sandcrete blocks.

The cement-sand ratio employed by the industry was found to be one
part of cement to twelve parts of fine aggregate (1:12) by volume. Manual

method of mixing constituent materials was employed by the industry.
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The industry produced an average of nine hundred and fifty blocks per
day. The mode of curing was by spraying water twice daily for three days.
The blocks were sold at the rate of twenty féur naira while the cost of

transportation was ten naira per block.

2.23 INDUSTRYE

This is located in Nyanya. Nyanya is situated in the south east of {he
Federal Capital Territory and is about twenty kilometers from Garki, the city
center. Fifty blocks samples were randomly selected from this industry and
the sand used was gotten from river Ade in Plateau State.

The hollow sandcrete block sizes produced were 100mm x 230mm
x 460mm, 150mm x 230mm x 460mm and 230mm x 230mm x 460mm and
the cost of 230mm x 230mm x 460mm was twenty seven naira while the
cost of transportation was four naira. The brand of cement used was Benue.

The mix was one part of cement {o twelve parts of sénd (1:12) by
volume. One thousand, two hundred blocks were produced daily. The blocks
were cured three days by spraying water twice daily. The industry made use

of vibroblock Rosacometta type of block molding machine for its production

of block.

On employment of the company are ten workers comprising one

foreman, one operator, two mixers and six unskilled laborers.
g Py,
473399
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TABLE 6: SUMMARY QESITE SURVEY

Induslry | Size of Biock Produced | Daily Type ol Nou.of No.of Source Souce of Mix Rativ
prod m/machine Employee | Cuing Days | of Sand Water
A 1502 30x460mn 1200 vitarw black 10 3 Riger Tap 11§
2302 30x460 rosacomectia Mpape
type
B 150x2 30x460min 1300 b 10 3 Pit Tap1:10

2 30x2 30 xA60mm

C 150 2230 x 460mn 900 ! -] ? 3 Pit Tap L P

£30x230x 460mm

0] 150x230%4601mu 950 " 7 3 pil Tap 1:12
230x230x4600mm
E 1008230%4600mm 1200 . 10 3 River Tap 1n12
150x2 30mmx460mim Ado
’
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3.0 CHAPTER THREE

3.1 TEST RESULTS

As stated in the previous chapter, block samples totaling two hundred
and fifty in number were collected from five chosen industries in the Federal
Capital Territory, Abuja. In each industry, at least fifty (50) block samples
were randomly chosen.

These industries were chosen from all the Area Councils with two (2)
chosen from the municipal Area council. These locations were Nyanya and
Karmo from Municipal Area council, Kuje in Kuje area council, Abaji in Abaiji
area council and Gwagwalada in Gwagwalada area council. These locations
were designated as A, B, C, D and E respectively.

After the collection of the block samples, they were kept under cover
in the concrete laboratory of Dantata and Sawoe construction company in
Abjua to protect them from extreme whether conditions of temperature and
wind before the commencement of laboratory tests.

The test conducted include dry development strength, wet
development strength, wet compressive, drying shrinkage, density
determination and dimensional measurements. These tests were carried
out in accordance with the British standard /16/ and the Nigerian Industﬁal
standard 722/

Silt content and sand classification tests were also performed on the

sand samples collected from the various industries.
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3.2 DRY DEVELOPMENT STRENGTH

Dry development strength test is used to determine when the strength
of the sandcrete block is fully developed. In essence, the test is to ascertain
when the sandcrete block is fully ready for use.

Before the tests were conducted, all the samples from the various
industries were properly sorted out and marked for identification. The dry
compressive strength was obtained by crushing the blocks at various ages
to determine the maturing age. The blocks were tested between celotex
materials so that it is not in direct contact with the platens of the machine.
Three blocks per age were crushed using the STRASSENTEST machine
which has a capacity of 3,000KN. The ages considered were 1,2,7,14,21
and 28 days respectively. The average results for the industries A, B, C, D
and E are shown in Tables 7 to 11 respectively. The raw data from which

the results were extracted are shown in Appendices A1, A2, A3, A4 and A5.

TABLE 7: DRY DEVELOPMENT STRENGTH OF INDUSTRY A
DATE OF CASTING: 02-09-96

S/NO AGE DATE LENGTH BREADTH HEIGHT LOAD (KN} | STRENGTH
{DAYS) TESTED {mm) {mm) (mm) (N/mm-)
| 1 03-09-96 460 230 219 18.3 0.17
2 3 05-09-96 459 228 220 46.4 0.44
3 7 09-09-96 455 229 219 58.0 0.56
4 14 16-09-9% 460 230 219 78.73 0.75
5 2 23-09-56 460 229 220 89.30 0.85
b 28 30-09-96 460 230 220 50.50 0.86
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TABLE 8: DRY DEVELOPMENT STRENGTH OF INDUSTRY B

DATE OF CASTING: 03-06-96
S/NO AGE DATE LENGTH BREADTH HEIGHT LOAD {KN) | STRENGTH
{DAYS) TESTED (mim) (mm) (mm) (N/mm-)
1 1 04-06-96 460 229 220 14.33 0.14
2 3 06-06-96 459 230 220 59.83 0.57
3 7 10-06-96 460 230 221 66.60 0.63
4 14 17-06-96 459 22 220 84.43 0.80
5 21 24-06-96 460 230 221 84.03 0.79
6 28 01-07-9% 460 230 221 85.2 0.81

TABLE 9: DRY DEVELOPMENT STRENGTH OF INDUSTRY C

DATE OF CASTING: 02-07-96
SINO AGE DATE LENGTH BREADTH HEIGHT LOAD (KN) | STRENGTH
(DAYS) TESTED (mm) {mm) {mm) (N/mm’)
1 1 03-07-96 460 230 230 14.67 0.14
2 3 05-07-96 459 230 220 58.43 0.55
3 7 09-07-96 460 229 218 63.10 0.60
4 14 16-07-96 459 230 219 72.07 0.68
5 21 23-07-96 460 229 219 76.30 0.73
6 28 30-07-96 460 230 219 B1.47 0.77
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TABLE 12: COMBINED DRY DEVELOPMENT STRENGTH (N/mm?)

AGE {DAYS) | INDUSTRY INDUSTRY INDUSTRY INDUSTRY INDUSTRY
A B c D E
1 017 Q.14 0.14 0.16 0.12
3 0.44 0.57 0.55 0.46 0.31
7 0.56 0.63 0.60 0.56 0.61
14 0.75 0.80 0.68 Q.66 0.73
21 0.85 0.74 0.73 0.77 0.79
28 (.86 0.81 0.77 0.81 0.83

The raw data from which the results in the above tables were extracted are
shown in Appendices A1 ta A5.

3.3 WET DEVELOPMENT STRENGTH

This test was conducted after 28 days of age of the block samples.
‘Randomly selected and properly marked block samples were soaked in
water and crushed atthe ages of 1, 3,7,14,21 and 28 days. Three sandcrete
block samples per age for each industry were crushed. The average
strength value at each age for industries A, B, C, D and E are as shown in

Tables 13 to 17 respectively. All raw data are as shown in Appendices A6

to A10.
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TABLE 12; COMBINED DRY DEVELOPMENT STRENGTH (N/mm?)

AGE (DAYS) l INDUSTRY INDUSTRY INDUSTRY INDUSTRY INDUSTRY
A B C D E
1 0.17 0.14 0.14 0.16 0.12
3 0.44 0.67 0.65 0.46 0.31
7 0.56 0.63 0.60 0.56 0.61
14 0.75 0.80 0.68 0.65 Q.73
21 0.85 0.74 0.73 0.77 0.79
28 (.86 0.81 0.77 0.81 0.83

The raw data from which the results in the above tables were extracted are

shown in Appendices A1l to Ab.

3.3 WETDEVELOPMENT STRENGTH

This test was conducted after 28 days of age of the biock samples.
Randomly selected and properly marked block samples were soaked in
water and crushed at the ages of 1, 3,7,14,21 and 28 days. Three sandcrete
block samples per age for each industry were crushed. The average
strength value at each age for industries A, B, C, D and E are as shown in
Tables 13 to 17 respectively. All raw data are as shown in Appendices A6

to A10.
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TABLE 13:

WET DEVELOPMENT STRENGTH OF INDUSTRY A

DATE IMMERSED IN WATER:

01-10-96

SINO AGE DATE LENGTH BREADTH HEIGHT LOAD (KN) | STRENGTH
(DAYS) TESTED {mm) {mm) {mm) {N/mm’)

1 02-10-96 480 230 221 33.53 0.32
2 3 04-10-96 460 230 220 52.00 0.49
3 7 08-10-96 459 229 221 52.43 0.50
4 14 15-10-96 460 230 221 60.10 0.57
5 21 22-10-96 461 230 221 62.67 0.59
o 28 29-10-96 460 230 220 74.27 0.70

TABLE 14: WET DEVELOPMENT STRENGTH OF INDUSTRY B

DATE IMMERSED IN WATER: 02-7-96
SINO AGE DATE LENGTH | BREADTH | HEIGHT | LOAD (KN) | STRENGTH
(DAYS) TESTED {mm) (mm) (mm) (N/mm)
1 1 03-07-%6 461 230 220 32.90 0.31
Z 3 05-07-96 460 230 221 45.40 043
3 7| 09-07-26 460 230 220 56.97 0.54
4 14 16-07-96 460 230 220 46.87 0.44
5 21 23-07-96 460 229 222 65.07 0.62
b 28 3C-07-9¢ 460 230 220 72.13 0.68
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TABLE 15: WET DEVELOPMENT STRENGTH OF INDUSTRY C

DATE IMMERSED IN WATER: 31-07-96
SINO AGE DATE LENGTH | BREADTH | HEIGHT | LOAD (KN} | STRENGTH
(DAYS) TESTED {mm) (mm) (mm) (N/mm’)
1 1 01-08-95 460 230 220 29.37 0.28
2 3 03-08-96 460 230 221 4493 0.42
3 7 07-0896 | 4860 | 229 220 48.23 0.46
4 14 14-08-96 459 230 221 62.77 0.5
5 21 21-08-96 460 229 220 70.73 0.67
6 28 28-08-96 460 230 220 63.03 0.60
TABLE 16: WET DEVELOPMENT STRENGTH OF INDUSTRY D
DATE IMMERSED IN WATER: 01-10-96
SINO AGE DATE LENGTH | BREADTH |- HEIGHT | LOAD (KN) ! STRENGTH
(DAYS) TESTED (mm) (mm) (mm}) (N/mm?)
{ { 02-10-96 460 229 220 39.53 0.3
2 3 04-10-96 460 229 220 4590 0.43
3 7 08-10-36 450 229 220 52,53 0.50
4 14 15-10-96 460 229 221 53.13 0.50
5 21 22-10-%6 460 229 220 61.67 0.58
6 28 29-10-96 459 229 220 66.73 063

41




DATE IMMERSED IN WATER: 19-11-96
SIND AGE DATE LENGTH BREADTH HEIGHT LOAD {KN) | STRENGTH
{DAYS) TESTED {mm) {mm) {mm) {N/mm-)
i | 20-11-96 462 229 220 3293 0.31
2 3 22-11-96 460 230 220 44,83 0.42
3 7 27-11-9% 460 228 220 45.13 043
4 14 04-12-96 461 229 221 4943 047
5 21 11-12-96 461 229 220 56.77 0.54
6 28 18-12-96 460 229 221 63.77 0.61

TABLE 18: COMBINED WET DEVELOPMENT STRENGTH (N/mm?)

AGE (DAYS} | INDUSTRY INDUSTRY INDUSTRY INDUSTRY INDUSTRY
A B8 Cc D E
1 0.32 0.31 028 0.39 0.31
3 0.49 0.43 042 0.43 0.42
7 0.50 024 0.46 0.50 0.43
14 0.57 044 0.59 0.50 047
21 0.59 062 087 0.58 054
28 Q.70 0.68 0.60 0.63 0.61

The raw data results from which the above tables were extracted are shown

in Appendices A6 to A10.
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3.4 WET COMPRESSIVE STRENGTH

This test is normally conducted to determination the worst condition
the sandcrete blocks can be subjected. This test is normally carried out after
28 days age of the block samples.

Ten block samples were randomly selected and measured. They were
then immersed in water and allowed to drain under damp sack material
before bedding on both faces using a mortar of one part by weight of cement
to one part by weight of sand (1:1). After bedding, the sandcrete block
samples were then immersed in water. Mortar cubes were also made out of
the mortar mix used for bedding, these were also immersed in water.

When the mortar cube had attained the minimum required strength,
the compressive strength of each block sample was then determined. The
blocks samples were soaked for seven days prior to crushing. The strength
indicated against each age is the average strength of three cubes for each
industry.

The wet compressive strength test results are shown in Tables 24 to

28 while the mortar cube results are shown in Tables 19 to 23.
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TABLE 18:

MORTAR CUBES STRENGTH OF INDUSTRY A

DATE IMMERSED IN WATER: 01-10-96
AREA OF CUBE: (70X70)mm?
SINO | DATE TESTED AGE OF FAILURE AVERAGE
CURING (DAYS) | LOAD (KN) | STRENGTH N/mm?)
1 02-10-96 1 19.60 4.00
) 04-10-98 3 8722 17.80
3 08-10-96 7 146.09 29.81
TABLE 20: MORTAR CUBES STRENGTH OF INDUSTRY B
DATE IMMERSED IN WATER: 02-07-96
AREA OF CUBE : (7T0X70)mm?
S/NO | DATE TESTED AGE OF FAILURE AVERAGE
CURING (DAYS) | LOAD (KN) | STRENGTH N/mm?)
1 03-07-96 1 19.55 3.99
2 05-07-96 3 8717 17.79
3 09-07-96 7 14613 30.23
TABLE 21: MORTAR CUBES STRENGTH OF INDUSTRY C
DATE IMMERSED IN WATER: 31-07-96
AREA OF CUBE : (70X70)mm?
sNO | DATE TESTED AGE OF FAILURE | AVERAGE
CURING (DAYS) | LOAD (KN} | STRENGTH N/mm?)
1 01-08-96 1 19.70 4.02
2 03-08-96 3 89.28 18.22
3 07-08-96 7 151.11 30.67
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TABLE 22:

MORTAR CUBES STRENGTH QF INDUSTRY D

DATE IMMERSED IN WATER: 01-10-96
AREA OF CUBE : (70X70)mm?
S/NO | DATE TESTED AGE OF FAILURE AVERAGE
CURING (DAYS) | LOAD (KN) | STRENGTH N/mm?)
1 02-10-96 1 19.80 4.04
2 04-10-96 3 93.69 19.12
3 08-10-96 7 151,11 30.84
TABLE 23: MORTAR CUBES STRENGTH OF INDUSTRY E
DATE IMMERSED IN WATER: 19-11-96
AREA OF CUBE : (70X70)mm’
S/INO | DATE TESTED AGE OF FAILURE AVERAGE
CURING (DAYS) | LOAD (KN) | STRENGTH N'mm?)
1 20-11-96 1 19.11 3.90
2 22-11-96 3 88.40 18.04
3 26-11-96 7 146.94 30.60

45

I 7V




TABLE 24:

WET COMPRESSIVE STRENGTH_OF INDUSTRY A

DATE IMMERSED IN WATER: 01 -10-96
DATE TESTED: 08-10-96
NO. OF DAYS SOAKED: 7 DAYS
AGE: 35 DAYS
SINO | SAMPLE NO. LENGTH | BREADTH | HEJGHT FAILURE | STRENGTH
{mm) (mm) (mm) LOAD (KN) { {N/mm?)
1 A1/08/10/AB! 461 230 229 4610 0.43
2 A2/08/10/AB] 460 230 230 42.20 0.40
3 A3/08/10/AB! 460 228 229 53.60 0.51
4 A4/08{10/ABI 459 230 298 60.00 0.57
5 AS/08/10/AB) 461 239 230 48.40 0.46
b A6/08/10/AB 460 231 229 52.20 0.49
7 A7/08/10/AB] 460 229 230 49,50 0.47
8 A8/08/10/AB) 459 230 230 43.00 0.45
9 A9/08/10/AB) 460 230 230 56.20 0.53
10 | A10/08/10/AB! 460 229 2-30 57.30 0.54
AVERAGE STRENGTH = 0.49N/mm¢
STANDARD DEVIATION = 0.05N/mm*
COEFFICIENT QF VARIATION = 10.86%
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TABLE 25:

WET COMPRESSIVE STRENGTH OF INDUSTRY B

DATE IMMERSED IN WATER:

02 -07-96
DATE TESTED: 09-07-96
NO. OF DAYS SOAKED: 7 DAYS
AGE: 35 DAYS
S/NO | SAMPLE NO. LENGTH | BREADTH | HEIGHT FAILURE | STRENGTH
(mm) (mm) (mm) LOAD {KN) | (N/mm’)
1 B1/09/07/AB 460 230 229 46.20 0.44
2 B2/09/07/AB 461 229 230 42.70 0.40
3 B3/09/07/AB 460 230 230 44,70 0.40
4 B4/09/07/AB 459 230 229 48.80 0.46
5 B5/09/07/AB 4598 221 228 56.40 0.54
b B6/09/07/AB 460 231 230 58.00 0.55
7 B7/09/07/AB 461 230 229 40,90 0.39
8 B8/09/07/AB 460 230 230 43.00 0.41
9 B9/09/07/AB 460 229 230 60.10 0.57
10 | B10/09/07/AB 460 230 230 48.20 0.4
AVERAGE STRENGTH = 0.46N/mm’
STANDARD DEVIATION = 0.06N/mm’
COEFFICIENT OF VARIATION = 13.04%
4d¢3:%n
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TABLE 26: WET COMPRESSIVE STRENGTH OF INDUSTRY C

DATE IMMERSED IN WATER: 31 -07-96
DATE TESTED: 07-08-96
NO. OF DAYS SOAKED: 7 DAYS
AGE: 35 DAYS
SING | SAMPLE NO. LENGTH | BREADTH HEIGHT FAILURE | STRENGTH
(mm) (mm) {mm) LOAD (KN) | (N/mm?)
1 C1/07/08/K! 460 230 231 49.1¢ 0.46
2 C2/07/08/Kl 461 230 230 53.40 0.50
3 (3/07/08/Kl 460 230 230 52.30 0.49
4 (4/07/08/K] 460 230 230 38.80 0.37
5 C5/07/08/Kl 459 230 229 56.00 (.53
b (6/07/08/K) 460 230 231 42.30 0.40
7 C7/07/08/Kl 459 229 231 48.00 0.47
& (8/07/08/Kl 460 229 230 43.00 0.41
9 (9/07/08/K) 460 223 230 4420 0.42
10 | C10/07/08/K) 460 230 230 54.40 0.51
AVERAGE STRENGTH = 0.46N/mm’
STANDARD DEVIATION = 0.05N/mm? h
= 10.86%

COEFFICIENT OF VARIATION
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TABLE 27:

WET COMPRESSIVE STRENGTH OF INDUSTRY D

DATE IMMERSED IN WATER: 01-10-96
DATE TESTED: 08-10-96
NO. OF DAYS SOAKED: 7 DAYS
AGE: . 35 DAYS
S/NO | SAMPLE NO. LENGTH | BREADTH | HEIGHT FAILURE | STRENGTH
(mm} (mm) (mm) LOAD (KN | (N/mm-)
1 01/08/10/K) 459 230 231 48.80 0.46
l 2108/104K) 460 230 230 4710 0.45
3 D3/08/10/K) 460 229 230 46.00 0.44
4 D4/08{10/K 460 229 228 44,20 0.42
5 05/08/10/Kl 458 231 229 53.20 0.50
b D6/08/10/K) 461 230 229 51.30 0.438
7 D7/08/10/K! 439 230 230 50.60 0.48
8 D8&/08/10/Kl 461 229 231 49.80 0.47
9 09/08/10/K] 460 229 229 45.80 0.43
10 D10G/0B10/KI 460 231 230 h3.70 0.51
AVERAGE STRENGTH = 0 46N/mm?
STANDARD DEVIATION = 0.04N/mm?
COEFFICIENT OF VARIATION = 8.33%
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TABLE 28: WET COMPRESSIVE STRENGTH OF INDUSTRY E
DATE IMMERSED IN WATER: 19 -11-96
DATE TESTED: | 26-11-96
NO. OF DAYS SOAKED: 7 DAYS
AGE: 35 DAYS
SINO SAMPLE NO. LENGTH BREADTH HEIGHT FAILURE | STRENGTH
(mm) {mm) {mm) LOAD (KN} | (N/mm%)
|| Eij26/11/ABl | 461 228 220 43.40 0.41
? E2/26/11/AB! 460 230 220 46.60 0.44
3 E3/26/11/AB) 463 230 221 45.10 0.42
4 £4/26/11/AB] 462 229 220 530.50 048
5 £5/26/11/AB! 460 230 220 45.00 0.51
6 £6/26/11/AB) 460 228 229 46.20 0.44
7 E7/26/11/AB) 460 230 220 49.70 0.49
8 £8/26/11/ABS 460 229 221 40.90 0.39
! E9/26/11/ABI 462 230 220 49,00 0.46
10 E10/26/11/AB) 463 230 220 42.00 0.39
AVERAGE STRENGTH = 0.44N/mm?
STANDARD DEVIATION = 0.03N/mm*
COEFFICIENT OF VARIATION = 6.82%




PLATEl: BEDDED BLOCK SAMPLES READY FOR TESTING

PLATE ll: USE OF STRASSENTEST MACHINE TO CRUSH BLOCK
SAMPLES
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3.5 DRY SHRINKAGE

This test was carried out in accordance with Appendix E of the British

standard 2028- specification for precast concrete blocks. The results of the

tests are shown below.

TABLES 29: DRY SHRINKAGE FOR INDUSTRY A
SIND WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY DRYING SHRINKAGE
{mm}) {imm) LENGTH {mm) LENGTH {mm) (%)
i 150.06 149.99
2 150.04 149.98
3 150.01 14997 160.04 14998 0.04

TABLES 30: DRY SHRINKAGE FOR INDUSTRY B

SIND WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY DRYING
{iom) {mm) LENGTH {mim) LENGTH {mm) SHRINKAGE (%)
I i56.01 149.99
2 150.03 150.01
3 150.0% 150.02 150.03 150.00 0.02
TABLES 31: DRY SHRINKAGE FOR INDUSTRY C
SINO WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY [RYING

(mim) {min) LENGTH {mm) LENGTH (mm) SHRINKAGE (%)

1 150.03 149.99
P 150.02 149.98
3 150.05 1650.01 150.03 149.99 0.03
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TABLES 32: DRY S D Y D
SINO WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY DRYING
(min) (i) LENGTH {mm) LENGTH {(mm) SHRINKAGE (%)
1 150.04 149.99
P 150.00 150.02
3 15005 150.01 150.05 150.00 0.03
TABLES 33: D N RIND
SIND WET LENGTH DRY LENGTH | AVERAGE WET AVERAGE DRY DRYING SHRINKAGE
{(mm) {mm) LENGTH {mm} LENGTH {mm}) (%)
1 150.05 150.00
2 150,03 150.02
3 150.06 150.01 150,05 150.00 0.03
3.6 WETTI

This test was carried out in accordance with Appendix E of the British

standard 2028 - specification for precast concrete blocks. The results of the

lest are shown below.

TABLE 34: WETTING EXPANSION FOR INDUSTRY A
S/NO WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY WETTING
{mm} (mm) LENGTH {mm) LENGTH {mm) EXPANSION (%)
i 149.99 150.08
2 149.98 150.05
3 159.97 150.03 149.98 150.06 0.05




TABLE 35: WETTING EXPANSION FOR INDUSTRY B
SINO WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY WETTING
{mim) (rmm) LENGTH (mm) LENGTH {rm) EXPANSION (%)
] 149.99 150.03
2 150.01 150.05
3 150.02 150.07 150.00 150,05 0.03
TABLE 36: WETTING EXPANSION FOR INDUSTRY C
SINO WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY WETTING EXPANSION
{mm} (mm) LENGTH {mm) LENGTH (mm) (%)
| 149.99 150.07
2 149.98 150.08
3 150.01 150.09 149.99 150.08 0.06
TABLE 37: | F D
SINO WET LENGTH | DRY LENGTH AVERAGE WET AVERAGE DRY WETTING
{mm) (mm) LENGTH (mm) LENGTH {mm) EXPANSION (%)
1 149,99 150.07
2 150.02 150.09
3 150.01 150.09 150.01 150.08 0.05
TABLE 38: WETTING EXPANSION FOR INDUSTRY _E
SIND WET LENGTH DRY LENGTH AVERAGE WET AVERAGE DRY WETTING
(mm) {mm) LENGTH (mm) LENGTH (mm) EXPANSION (%)
150.00 150.08
2 150.02 150.07
3 150.01 150.08 150.01 150.08 0.05
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3.7 DENSITY DETERMINATION

The density was determined in accordance with the specification for

precast concrete blocks. (BS2028,1364) as contained in Appendix B.

TABLE 39: DENSITY DETERMINATION
INDUSTRY DENSITY (kg/m®)
A 1042
B 1060
C 948
D 1020
E 960

3.8 WATER ABSORPTION

This is known as the ratio of the increase in weight to the weight of the
dry sample expressed as a perCentage. The test was carried out in
accordance with the British standard specification.

The raw data from which the table below was extracted are shown in

Appendix A-21

TABLE 40: WATER ABSORPTION
INDUSTRY WATER ABSORPTION (%)
A 7.42
B 6.84
C 13.80
D 8.60
E 12.48
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3.9 SILT CONTENT

The sand samples cbllected from the five industries were tested for
silt content. Sand which contains silt when rubbed between the fingers is
soft, smooth and leaves stains on the finger as against clean sand which
when compressed between the fingers is coarse.

The silt content test involved the preparation of one percent solution
of commeon salt in water. About 50mil of this solution was placed in a 250m!|
measuring cylinder. The sand samples was gradually added untii the level
reached the 100ml mark and more salt solution was added until the total
volume of the mixture in the cylinder was 150ml. Covering the cylinder with
the palm of the hand, the mixture was vigorously shaken, the repealedly
turned upside down and then aliowed to stand for three hours. The silt
.contained in the sand separated out and this was clearly seen as a layer of
different color on top of the sand. The height from above the bottom of the
cylinder to the silt surface was measured to be h1 and from the bottom of
the cylinder to the sand surface was measured to be h2. Then, the siit
content expressed as a percentage by volume of the sand content was

calculatated as:

silt content = 1 - 100%
he

The result of the silt content of sand for the different industries are as

shown in table 41.
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TABLE 41:

RESULT OF SILT CONTENT

INDUSTRY SILT C:E)NTENT (%)
A 4.87
B 5.50
C 5.60
D 7.05
E 5.00

3.10 SIEVE ANALYSIS

Samples of sand used in the five chosen industries were collected
and tested to determine their particle size distribution. The resluts are as
shown in Tables 42,43 44,45 and 46. Comparison of the test results show

that the sand fall parlty within the limits of zone 2 of the British standard 882

14/

58



TABLE 42: SIEVE AN ANALYSIS OF INDUSTRY A
WEIGHT OF SAND SAMPLE: 1000g
8.9, SIEVE SIZE WEIGHT WEIGHT PERCENTAGE | CUMMULATIVE | CUMMULATIVE
{mmj) RETAINED (g) PASSING (y) RETAINED (%) | PERCENTAGE PERCENTAGE
PASSING (%) { RETAINED (%]
10.00 0 1000 0 100 0
5.00 0 1000 0 100 0
2.36 3.6 996.4 0.4 99.6 0.4
1.40 50.7 945.7 5.1 8940 6.0
1.18 106.0 839.7 10.6 84.4 16.0
0.60 363.7 476.0 36.3 48.0 52.0
0.425 (06.2 396.8 10.6 37.0 63.0
0.30 100.9 268.9 10.4 270 7340
0.212 94.1 174.8 9.4 17.0 83.0
0.150 86.6 88.2 8.7 9.0 91.0
0.07% 67.1 21 6.7 20 08.4
Recewver 18.2 - 1.87
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TABLE 43:

SIEVE AN ANALYSIS OQF INDUSTRY B

WEIGHT OF SAND SAMPLE: 850q

B.5. SIEVE SIZE WEIGHT WEIGHT PERCENTAGE CUMMULATIVE | CUMMULATIVE

{nin) RETAINED {g) PASSING (4) RETAINED (%) | PERCENTAGE PERCENTAGE

PASSING {%) RETAINED (%}
10.00 0 850 0 100 0
5.00 6.2 8433 0.73 99 I.
2.36 11.2 8326 1.32 98 2
1.40 60.5 7721 7.112 91 8
1.18 100.9 671.2 11.87 79 21
.60 261.7 409.5 30.79 48 52
0.425 100.9 3086 11.87 36 64
0.30 84.0 2246 9.88 26 74
0.212 68. 1 156.5 8.01 18 82
0.150 56.0 100.5 6.59 12 88
0.075 69.4 3 8.16 4 96
Receiver 28.3 - 333 - -
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TABLE 44:

SIEVE AN ANALYSIS OF INDUSTRY C

WEIGHT OF SAND SAMPLE: 10009

B.5. SIEVE SIZE WEIGHT WEKGHT PERCENTAGE | CUMMULATIVE | CUMMULAIIVE

() RETAINED (g) PASSING (g) RETAINED (%) | PERCENTAGE PERCENTAGE

PASSING (%} | RETAINED {%)
10.00 0 1000 0 100 0
5.00 12.6 987.4 1.26 99 1
2.36 16.3 9711 1.63 97 3
1.40 926 878.5 2.26 88 12
1.18 101.0 7715 1010 78 2z
0.60 335.8 4417 33.58 44 56
0.425 139.4 302.3 1394 30 70
0.30 98.3 204 9.83 20 80
Q212 76.2 127.8 762 13 87
0.150 47.8 80.0 478 8 92
0.075% 55.9 241 559 2 98
Receiver 19.9 - 1.99 - -
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TABLE 45:

SIEVE AN ANALYSIS OF INDUSTRY D

WEIGHT OF SAND SAMPLE: 1200g
]
B.S. leVE SIZE WEIGH} WEIGHT PERCENTAGE | CUMMULATIVE | CUMMULAITIVE
{mm}) RETAINED (g) PASSING (g} RETANED (%) | PERCENTAGE PERCENTAGE
PASSING (%) | RETAINED (%)
10.00 0 1200 0 100 0
5.00 12.6 1187.4 1.05 99 1
2.36 16.2 1171.2 1.35 98 2
1.40 873 1083.9 7.28 90 10
1.18 120.1 963.8 10.01 80 20
0.60 380.6 583.2 31.72 49 51
0.425 160.4 422.8 13.37 35 6%
0.30 126.7 296.1 10.56 25 75
0.212 90.8 205.3 7.57 18 82
0.150 76.7 (28.6 6.39 A 89
0.075 100.4 28.2 837 2 98
Receiver 24.6 2.05
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TABLE 46: SIEVE AN ANALYSIS OF INDUSTRY E
WEIGHT OF SAND SAMPLE: 1100g
B.S. SIEVE SIZE WEIGHT WEIGHT PERCENTAGE | CUMMULATIVE | CUMMULATIVE
{mm) RETAINED (9) PASSING (y) RETAINED (%) PERCENTAGE PERCENTAGE
PASSING (%) | RETAINED (%)
10.00 0 1100 0 100 0
5.00 0 1100 0 100 0
2.36 19.3 1080.7 175 98 2
1.40 88.9 991.8 8.08 90 10
1.18 1706 821.8 15.51 75 25
0.60 357.3 464.5 32.48 42 58
0.425 147.2 3t7.3 13,38 19 71
0.30 90.5 226.8 8.23 1 79
0212 73.1 193.7 6.65 14 86
0.150 59.0 94.7 5.36 9 91
0.075 58.7 36.0 5.33 3 97
Receiver 3.7 2.58 - -
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4.0 CHAPTER FOUR

4.1 ANALYSIS AND DISCUSSION OF RESULTS

Results of the various tests carried out were presented in chapter
three. In this chapter , the results of the tests are analyzed so as to ascertain
the quality of the hollow sandcrete blocks produced in the Federal Capital
Territory, Abuja.

The results of the tests carried out on the sandcrete hollow block

samples are discussed below.

4.2 STRENGTH
As earlier stated, the strength tests carried out include the dry
development strength, wet development strength and the wet compressive

strength.

4.2.1 DRY DEVELOPMENT STRENGTH

Figures 1-5 below show the dry development strength as lested for
industries A, B, C, D and E respectively. It can be observed from the graphs
that the moment when the cement paste has set, the blocks started gaining
strength. The rate of gain of strength between 1 to 14 days was rapid.
Progressively, it became slower in the following days indicating that
hydration of cement is continuous but at a lower rate giving the curve a

steady or fairly constant rate.
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The average strength at 28 -days are 0.86N/mm? , 0.81N/mm ,
TJ7N/mm* , 0.81N/mn7 and 0.83N/mni for industries A, B, C, D and E
respectively. Comparing the strength values obtained in the five industries
with the specified value of 3.5N/mm* by the British standard /16/, these

values are low.

4.2.2 WET DEVELOPMENT STRENGTH
The values of the wet development strength of industries A, B,C, D

and E are as shown in figures 6,7,8,9 and 10 respectively.
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From the test results, the strength of the blocks dropped sharply after
soaking block samples in water for 24 hours prior to testing. This gives the
blocks the lowest values of 0.32N/mm? , 0.31N/mim, 0.28N/mm ,

0.39N/mm?’ and 0.31N/mm* for industries A, B, C, D and E respectively. As
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from the 3rd day, there was a gradual increase in strength as indicated in
the graphs up to the 28th day: with the rate of increase diminishinQ with
time. Thus, the values of the wet development strengths of the five
industries are lower than the values of the dry development strengths. At
28 days of soaking, the average values of the wet development strengths
are 0.70N/mm?, 0.68N/mn?, 0.60N/mm 0.63N/mni and 0.81N/mi for
industries A, B, C, D and E respectively. These values compared to
2. 1N/mm? recommended by the Federal Ministry of work and Housing /6/
are law.

It was observed generally that there was a sharp drop in wet
development slrength before gain in strength in all the industries. This is
because on soaking, the cement gel and silt in the sandcrete hollow blocks
ébsorb water which occupies the voids within the blocks causing swelling .
| The water molecules absorbed act against the cohesive forces and tend to
force the gel particles further apart, with resulting swelling pressure. Further
more, surface tension of the gel is decreased by the absorption of water \_fvith
further expansion taking place, hence, the drop in strength values. With
time, absorbed water gets into the cement gel and hydration starts as a
result of the presence of moisture giving rise to a steady increase in

strength.
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4.2.3 WET COMPRESSIVE STRENGTH

The value of the average wet compressive strength for ten blocks in

each of the five industries are shown in table 47 below.

TABLE 47: WET COMPRESSIVE STRENGTH FOR AS ALL THE

INDUSTRIES
INDUSTRY A B C . "
STRENGTH (N/mn) 0.49 0.46 0.46 0.46 0.44

From table 47 above, the average wet compressive strength of
industries A, B, C, D and E are 0.49N/mm®, 0.46N/mnf, 0.46N/mm ,
0.46N/mm?, and 0.44N/mm“respectively. The Brilish standard /16/ specified
that the average wet compressive strength should be 3.5N/mm* and the
lowest individual block strength as 2.8N/mm?. The Federal Ministry of work
/6/ recommended an average compressive strength of 2.1N/mm? while the
lowest compressive strength of an individual block should not be less than
1. 7N/mm‘. The Nigerian Industrial standard /22/ pait two: 1974 specified an
average strength of 3.45N/mm”. The average compressive strength of
0.49N/mm?, 0.46N/mm , 0.46N/min  0.46N/im and 0.44R/mm  of
industries A, B, C, D and E are about 23%, 22%,22%,22% and 21% of the
2. AN/mm* value recommended by the Federal Ministry of Works and
Housing.

Table 48 below shows the average wet compressive strength of the

five industries compared to the specified standards.

72



TABLE 48: COMPARED VALUES OF WET COMPRESSIVE STRENGTH
IN PERCENTAGES

INLIU‘JII RYA | INDUSTRY B INDUSTRY C INDUSTRY D INDUSTRY E
(%) (%) (%) (%) (%)
B.5 2028 14.00 13.14 13.14 13.14 12.57
NS 14.20 13.33 13.33 13.33 12.75
FMW.&H 23.33 21.90 21.90 21.90 20.95

Generally, the coefficients of variation of the block samples from the five

industries satisfied the 20% limit specified for concrete structure. The values

of the coefficients of variation are 10.86%, 13.04%, 10.86%, 8.33%, and

6..8% for industries A, B, C, D and E, respectively. From these values, it

can be seen that the manufacturing process employed by each industry is

consistent and as such there is not much variance in the level of production.

4.2.4 RATIO OF WET TO DRY DEVELOPMENT STRENGTH

The ratio of wet development strength at various soaking ages after

28 days of age to the dry development strength at 28 days for the five

industries is shown in Table 49 and presented in figures 11, 12, 13,14, and

15 for industries A, B, C, D, and E respectively.

TABLES 49: WET DEVELOPMENT STRENGTH TO DRY
DEVELOPMENT STRENGTH RATIO IN PERCENTAGE

DAYS OF IMMERSION AFTER 28 F wsr Fowr {(28)
o INDUSTRY INDUSTRY INDUSTRY INDUSTRY INCUSTRY

A B C 0 E
0 100 100 100 100 100

1 37 38 36 48 37

3 57 53 55 53 51

7 58 b7 60 62 52

14 66 54 77 G2 57

21 69 77 87 72 65

28 81 a4 78 78 /3
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From the figures above, the wet development strengths of industries
A, B, C, D and E dropped to 37%,38%, 36%, 48% and 37% respectively
. after 24 hours of soaking prior to testing. These gradually increased from
57%, 53%, 55%, 53% and 51% an the 3rd day to 8§6%,84%,78%, 73% and
73% on the 28th day for industries A, B, C.D and E fespecﬁ&ely. The
~ minimum wet strengih ratios are 38% and 37% for industries B and E while
the constant wet strength ratios are 69%,80% and 67% for industries A, C
and D respectively. The industry with the minimum wet strength ratic is

industry C.
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Generally, the strength of the blocks produced in all the five industries
is low. Various factors are responsible for these low strength values. These
factors are presence of silt in sand, inadequate curing and compaction, non
provision of adequate shade, and wrong proportioning materials.

Presence of silt in sand forms coating on the sand particles, thus,,
weakening the bond between sand and cement. This would result in low
strength.

From visual inspection of the sand used in industries A, and D, it was
discovered that it contained deleterious materials such as leaves and roots
of trees. On decomposition, these materials would leave voids in the
sandcrete blocks leading to reduced strength.

While the Nigerian industrial standard /22/ recommends the mix of
.one part of cement to six parts of sand {1:6) by volume: up to eight parts of
sand (1:8) as the proporticning for sandcrete hollow blocks, ratios of 1:10.
1:10 and 1:12 were used by industries A, C and E respectively. This grossly
inadequate proportioning of sand and cement by all the industries also
contributed to the | ow strength of the blocks because for a mix there is an
upper limit for the sand content beyond which there would be insufficient
cement paste 1o coat all the particles. As the sand content increases beyond
this limit, the strength of the final product decreases.

Poor curing condition is another contributing factor to the low strength
of the sandcrete blocks produced in all the industries. The blocksl were

cured by spraying water for three days as against the minimum of seven

77



days. The aim of curing is to keep the blocks saturated until the criginal
water filled space in the fresh cement paste has been filled with the products
of hydration. So, inadequate curing causes non -uniform development of
cementations matrix, which not only decreased the strength but reduced
durability, impermeability and abrasion resistance of the sandcrete hlocks.

Exposure of the blocks to open air without covering affects the
strength of the blocks adversely. This i1s because they are exposed to harsh
conditions of temperature and wind which shortens the hydration process.
This affects the strength as a result of high evaporation of mixing and curing
water and early stiffening, which are accompanied by increased surface
shrinkage and cracking of the sandcrete blocks.

Improper compacticn of sandcrete blocks leads te voids in the final
product. Ultimately, this will result in low density as experienced in all the
industries. This improper compaction is as a result of irregular servicing of
the blocks molding machines and fatigue experienced by operator of the
machine because of long hours of working.

| The addition of water to restore workability as a result of its fall due
to loss of moisture during the delay in molding is also another factor
responsible for the low strength values in all the industries. This is because
water content greater than originally intended would result in reduction of
strength and durability of the sandcrete block. This was observed on sites

menticned in chapter 3.
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4.3 DENSITY

The average densities are 1042kg/m® , 1060kg/m , 948kg’m |
1020kg/m® and 960kg/m® for industries A, B, C, D and E respectively. The
British standard 2028 /16/ specified that the block density of TYPE A blocks
shall not be less than 1500kg/m® . These values are all below the
recommended value. This is as a result of the presence of voids in the
sandcrete blocks caused by non uniform compacting pressure resulting in

more voids than necessary, thus, resulting in low density.

4.4 DRYING SHRINK WETTING EXPANSION

The average values of drying shrinkage are
0.04%,0.02%,0.03%,0.03% and 0.03% for industries A, B, C, D.and E
fespectively. These values do not exceed the 0.05% specified for TYPE A
blocks in the British standard specification 2028/16/

The welling expansion average values of the sandcrete hollow blocks
are 0.05%, 0.03%, 0.06%,0.05% and 0.05% for industries A, B, C, D. and
E respectively. All these values conform with the British standard 2028/16/
specification of 0.07% as the maximum wetting expansion vaiue for type A
blocks. This shows that the blocks exhibit normal change in volume as their

water content changes.
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45 SAND

The results of the test for the particle size distribution for the five
industries are shown in tables 42 -46 in chapter three. Figure 16-20 below
show the graphs of the particle size distribution for industries A B, C, D and
E respectively. From the figures below, it can be observed that the sand
used in all the industries fall within zone 2 of the British standard sieve sizes.

Most of the sand particles fall within medium to coarse sand range.
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The resuit of the silt content shown in table 42 of chapter three shows
the silt content are 4.87%, 5.50%, 5.60%, 7.05% and 5.00% for industries
A, B, C, D and E respectively. The Nigerian industrial standard /22/ specifies
that the best sand for producing sandcrete blocks is that which falls within
zones 1 and 2 of the British standard sieve sizes. It then implies that
industries A, B, C, D and E comply with these requirement as they all fall
within zone 2 of the B.S sieve sizes.

Industries A, B, C and E meet the silt‘content requirement as their silt
content is less than 6% while industry D which hgs a silt content 7.05% does
not meet the silt content requirement in the specification.

Although the various test results showed that the blocks produced
from ali the industries do not meet the required standard, industry A appears
to have a relatively better strength result than industries B, C, D and E.

The comparison of dry and wet development strengths are shown in

figures 21 and 22 respectively.
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It can be seen from figures 21 and 22 that industry A has the best
result in terms of dry development strength and wet development strength.

The 28 -days age average dry development strengths are O.BBN'/mmz,
0.81Nmm?, 0.77N/mm?, 0.81N/mm? and 0.83N/mm? for industries A, B, C,
D and E respectively. Also the average wet development strength at 28 days
age of saaking prior to testing are 0.70N/mm? , 0.68N/mm?, 0.60N/mm?,
0.63N/mm?, and 0.61N/mm? for industries A,B,C.D and E respectively. The
wet compressive strengths are 0.49N/mm?, 0.46N/mm , 9.46N/mm ,
0.46n/mm? and 0.44N/mm? for industries A, B, C, D and E respectively.

From the aforementioned, industry A can be said to produce relatively
better sandcrete hollow blocks when compared to other industries in terms
of strength values.

Furthermore, the blocks from industry B are the best in terms of
density values. Compared to other industries, industry B has the highest
values of 1060kg/m® but this is still less than the 1500kg/m *specified by the

B.S 2028 /16/for type A blocks.
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5.0 CHAPTER FIVE

5.1 CONCLUSION AND RECOMMENDATIONS

5.2 CONCLUSION:

This thesis is aimed at determining the quality of sandcrete blocks
produced in the Federal Capital Territory, Abuja. In the process of
determining the quality, the various materials used as well as the methods
of production of sandcrete blocks were considered.

The test results presented in previous chapters enable some basic
conclusions to be drawn on the quality of sandcrete hellow blocks. It also
serves as a guide for future investigations in this area.

(1)  The quality of sand used in most of the industries for the production

of sandcrete blocks in the Federal Capital Territory, Abuja is generally

good.

(2) The dry development strength of the block samples is generally low
although the blocks samples attained fairly steady strength from the
7th day to the 28th day. The average dry development strength at 28
days are 0.86N/mm? ,081N/mm , 0.77N/mmi, 0.81N/mfm and

0.83N/mm? for industries A, B, C, D and E respectively.

(3) Upon immersion in water, the block samples attained a critical
condition within 24 hours prior to testing. The values of the average

dry development strength at 28 days now dropped to a minimum



average value of 0.32N/mm?, 0.31N/mm?0.28N/mm? 0.39N/mm 2and

0.31N/mm? for industries A, B, C D and E respectively.

(4)  The wet development strength of the sandcrete block samples began
to increase after the first 24 hours of immersion to an average wet
development strength of 0.70N/mm?®0. 68N/mm?, 0.80N/mm |, ?
0.63N/mm? and 0.61N/mm? at 28 days of curing for industries A, B,

C, D and E respectively.

(5) The ratio of the average wet development strength at various soaking
ages to the average dry development strength at 28 days was also
determined. The constant wet strength ratios are 69%, 80% , 80%,

72% and 65% for industries A, B, C , D and E respectively.

(6) The average compressive strength of the block samples_were
0.49N/mm?, 0.46N/mm? , 0.46N/mm?, 0.46N/mm?® and 0.44N/mm? for
industries A, B, C, D and E respectively. When compared with the
Federal Ministry of works and housing recommended value of

2.1N/mm?, these values are low.

(7) The densities of blocks produced in the Federal Capital Territory,
Abuja, are lower when compared with the British standard

specification of 1500kg/m?® for type A blocks. The average values
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(2)

(10)

(t1)

obtained are 1042kg/m°, 1080kg/nt, 948kg/mh, 1020kgin and

960kg/m* for industries A, B, C, D and E respectively,

Most of the sandcrete blocks produced in the Federal Capital

Territory, Abjua fall withing the limits of dimension tolerance. The

average block size is 218mm x229mm x 460mm.

The mode of curing of the sandcrete blocks was generally poor. The
blocks after molding are kept in the open air without proper shade
thereby exposing them to direct rays of sun and wind. The blocks are
then cured once daily for two or three days instead of 7 days.
Maximum strength of the block is not attained as most of the water

required for the process of hydration are lost through evaporation.

The mix proportion used does not meet the required specification of
one part of cement to six or eight parts of sand (1:6 or 1:8). In most

industries, a mix proportion of (1:12) one part of cement to tweive

parts of sand is used.

The average values of drying shrinkage for industries A, B, C, D and
E are 0.04%,0 02%, 0.03%, 0.03% and 0.03% respectively. These
values do not exceed the 0.05% specified for type A blocks in the

British standard specification.



(12)

5.3

The moisture movement of the blocks are 0.05%, 0.03% 0.06%,
0.05% and 0.05% for industries A, B, C, D and E respectively. The
British standard specified 0.07% as the maximum moisture movement

for type A blocks. They all conferm with the requirements of the

British standard specification.

RECOMMENDATIONS

It has been shown from the analysis of the test resuits that the quality

of the sandcrete hollow blocks produced in the Federal Capital Territory,

Abuja, is poor. Efforts should be made to improve the quality of the

sandcrete blocks to meet the required standards. The following

recommendations are made for improved production and quality of

sandcrete blocks.

1.

The block manufacturers should be educated on the requirements of
good quality sandcrete blocks. They should be made to be aware of
strength requirements and the various production steps necessary to
be taken to achieve the desired strength.

Sandcrete block tests should be conducted in all the states of the
Federation so as to determine the strength values in all the states,
experts can now discuss and determine what the minimum average

strength of sandcrete blocks in the country shouid be.
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At periodic intervals, the standard organization of Nigeria should
undertake industrial visits to block molding industries in the
Federation to collect block samples for tests so as to check.if the
products meet the required specifications. Industries that meet the
specification should be issued with the Nigerian industrial standard
certificate and probably given a stamp which they can now use on
their products as a sign of good quality.

Manufacturers of sandcrete blocks should also be made to be aware
that prolonged storage of cement affects its strength. Cement should
not be stored longer than six months and nof stacked on bare floor.
The sandcrete blocks should be well stacked so as to allow
reasonabile circulation of air around the blocks. They should be cured
by watering twice daily for at least seven days and should be placed
under shed for seven days so as to protect blocks from the direct rays
of sun, rain and wind. |

The block molding machine should be checked and serviced at
specific intervals so that sandcrete blocks of uniform size an.d
strength are produced.

The quality of the sandcrete blocks produced in the Federal Capital
Territory, Abuja, can be improved upon by using the correct mix

proportion .
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CP 111: 1984 Structural Recommendations for load bearing wall.

British Standards Institution. London Great Britain.

CP 121: 1973. Wall, Part 1: Brick_and Block Masonry. British
Standard Institution, London, Great Britain.

Nigerian Industrial standard 11:1974 UDC666:64 Specification for

Ordinary Portland Cement. Federal Ministry of Industries, Lagos.

Nigerian Industrial standard 74:1976 UDC 624.012.8 Specification for

Burnt Caly Building Units. Timmy press. Federal Ministry of Industrial,
Lagos.

Nigerian Industrial Standard 87: specification for Sandcrete Blocks in

Nigeria; Federal Ministry of Industries, Lagos.
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APPENDIX At
INDUSTRY A
DATE OF CASTING: 2-09-96
TEST: DRY DEVELOPMENT STRENGTH.
5/No Date Sample No. Length Breath Height Weight Failure Strength
Tested mm mm mm mm Load
N/MM: AVE
{KN)
! A1/03/09/ABI 460 229 220 23.7 12.00 0.11
2 3-9-96 A2/03/09/ABI 460 229 221 23.6 17.10 0.16 0.1%
3 A3/03/09/ABI 459 230 222 22.5 21.20 0.20
A4/05/05/AB) 455 228 222 2456 51.50 0.48
5 5-3-96 A5/05/09/ABI 459 228 221 242 45.00 0.42 0.46
6 A6/05/09/ABI 458 229 220 23.8 53.00 0.49
7 A7/03/09/ABI 460 228 221 24.3 62.00 0.58
8 9-9-96 A8/09/09/AB! 460 229 220 21.7 58.50 0.55 0.56
9 A9/09/09/ABI 460 230 220 235 57.00 0.56
10 A10/16/09/AB) 461 230 220 233 70.00 0.66
" 16-9-96 | A11/16/09/AB) 460 230 220 236 69.00 0.66 0.67
12 A12/16/09/ABI 460 229 221 249 71.50 0.69
13 A13/23/03/A8) 459 230 222 239 79.30 0.75
14 23996 | A14/23/09/A8! 461 231 230 236 80.20 0.75 0.76
15 A15/23/03/ABI 461 230 23 228 83.50 0.79
16 A16/30/C3/ABI 460 229 221 238 31.00 0.77
17 30-9-96 | A17/30/09/AB) 459 230 230 244 86.20 0.81 0.81
18 A18/30/0%/AB 450 230 220 22.6 50.30 0.86
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APPENDIX A2

INDUSTRY: B
DATE OF CASTING: 03 -06-96
TEST DRY DEVELOPMENT STRENGTH.
S/No Date Sample No Length Breath Height Weight Failure Strength
Tested mm mm mm mim Load
N/MM AVE
(KN)
B1/04/06/AB 460 230 221 23.1 15.00 0.14
2 4-6-96 B2/04/06/AB 459 229 220 248 12.00 0.12 0.13
3 B3/04/06/AB 460 229 220 237 16,00 0.15
4 B4/06/06/AB 460 229 221 23.9 57.00 0.54
5 6-6-96 B5/06/06/AB 458 230 220 249 60.00 0.57 0.57
h B6/06/06/AB 460 230 220 22.7 62.00 0.58
7 B7/10/06/AB 460 230 220 246 61.00 0.58
3 10-6-96 B8/10/06/AB 460 230 220 2338 72.00 0.69 0.63
9 B9/10/06/AB 459 231 220 22.6 65.00 0.62
10 B10/24/06/AB 459 228 221 24.0 83.00 0.79
11 17-6-96 | B11/24/06/AB 460 229 220 239 89.00 0.84 0.80
12 B12/24/06/AB 458 230 220 24.6 81.00 0.77
13 B13/24/06/AB 461 231 220 24.1 85.00 0.80
14 24-6-96 | B14/24/06/AB 460 230 222 228 86.00 0.81 0.79
15 B15/24/06/AB 460 230 222 249 80.60 0.76
16 B16/01/07/AB 459 230 220 244 80.20 0.76
17 01-7-96 | B17/01/07/A8 460 230 221 236 89.20 0.34 0.81
18 B18/01/07/AB 460 230 221 225 86.30 0.82
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APPENDIX A3

INDUSTRY: C
OATE OF CASTING: 02 -07-96
TEST: DRY DEVELOPMENT STRENGTH.
SiNo Date Sample No. Length Breath Height Weight Failure Strength
Tested mm min mm ml Load
() N/MME AVE
1 C1034/07/Kl 460 230 215 23.50 15.00 0.14
2 3.7-96 C2I0307IK] 460 230 218 22.70 10.20 0.09 014
3 (3/03/07/K) 460 229 220 21.80 19.40 0.18
4 4105107/ 460 230 220 22.00 53.00 0.50
5 5-7-9% C5/05/07 ) 458 230 220 22.55 82.20 089 3.55
) C&/05/07/1 458 229 218 23.00 &0.10 0.57
7 C710807/KI 460 228 220 24.00 61.70 0.59
8 9.7-9% C8/05/07/K) 459 230 218 25.00 70.50 Q.67 0.60
9 (5/09/07/K 461 228 220 2480 57.10 0.54
10 10416/071K) 460 230 218 23.50 63.20 0.64
(R 16-7-96 C1/16/07/K 460 229 219 21.90 72.00 0.68 0.68
12 C12/16/07(KI 458 230 218 21.95 76.00 0.72
13 C13/23/07/K 459 230 220 25.85 73.40 0.70
14 23-7-96 C14/23/07{K 460 228 216 23.00 75.50 0.72 0.73
15 C15/23/07/K) 460 228 220 22.50 20.00 0.76
16 C16/30/07/U) 458 230 220 22.55 B0.10 057
17 30-7-96 C17/30/07/U 460 230 218 2335 3560 .81 0.7}
18 C18/30/07/Li 461 230 220 22.50 93.70 093
0.87

96



PE A
INDUSTRY: D
DATE OF CASTING: 2-9-9
TEST DRY BEVELOPMENT STRENGTH.
S/No Date Sample No. Length Breath Height Weight Falure Strength
Tested mm mm mm mm Load
N/MM AVE
(KN)
D1/03/09/6GW 480 230 220 23.20 15.10 014
2 3-9-56 D2/03/0%/6W 459 230 220 23.70 18.20 0.7 0.7
3 D3/03/09/GW 460 229 218 23.30 22.10 0.21
4 D4/05/09/GW 459 228 220 24.70 61.20 0.58
2 5996 DSIO5/0%/GH 45% 229 219 23.95 32.10 0.30 044
5 D6/05/09/GW 460 228 220 24.35 45.50 0.44
7 D7/09/C/GW 460 230 220 23.50 53.40 0.50
3 999 D8/03/0%/6W 459 229 218 23.50 58.60 Q.56 .56
9 D9/09/09/GW 458 228 220 23.00 65.00 0.62
10 D10/16/09/GW | 459 230 220 24.10 75.00 0.71
1 16-9-96 D11/16/09/GW 460 229 220 23.80 80.C0 0.76 0.75
12 D12/16/0%/GW | 460 230 218 2390 81.20 0.77
13 Di3/23/09/GW | 460 228 219 2290 91.50 0.87
14 23-9.96 | D14/23/09/GW 460 230 220 23.10 88.60 0.84 0.85
t5 D15/23/09/GW | 459 229 220 23.15 87.80 0.84
15 D16/30/09/GW | 459 230 220 24.50 93.40 0.28
1? 30-9-96 | D17/30/09/GW | 461 228 220 24.55 86.00 0.81 0.86
18 D18/30/0%/GW | 460 230 219 24.80 $2.00 0.87
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APPENDIX A5

INDUSTRY: £
DATE OF CASTING: 21-10-96
TEST: DRY DEVELOPMENT STRENGTH.
SiNg Date Sample No. length | Breath Height Weight Failure Strength
Tested mm mm mm i {oad
N/MME AVE
(KN)
1 E1/22/10/ABI 463 228 227 21.7 10.10 Q.05
2 22-10-96 E2f22/10/AB 463 228 221 218 12.30 011 0.12
3 E3/22110/AB) 460 229 220 22.6 16.10 0.1
1 Ed/24110/ABR) 462 230 221 22.3 3230 030
5 24-10-96 E5/24{10/AB] 460 230 221 218 3010 0.28. 0.30
5 Eef24/10/ABI 460 228 220 21.9 3510 0.33
? E7/28/10/AB] 460 229 220 22.7 60.20 0.57
B 28-10-96 EB/28/10/AB/ 463 229 220 230 65.00 0.61 Q.61
9 ESf28/10/ABI 460 230 220 22.8 68.50 0.65
10 E10f04/11/AB| 460 225 22z 229 75.70 072
" 4-11-96 E11¢04/11/AB] 460 228 231 21.5 50.00 0.86 0.73
12 E12/04/11/ABI 463 228 221 22.8 64.90 0.61
13 E13/11/11/ABI 460 228 229 229 86.00 0.82
14 11-11-97 E14f11/31/AB) 461 228 220 226 89.00 0.84. 0.79
15 Et5/14/11ABI 463 228 220 23.1 74.20 0.70
14 Et6/18/11/AB) 461 229 220 229 102.10 097
17 18-11-96 E17/18/11{AB) 460 230 220 227 76.20 072 0.83
18 E18/12/11/4B] 460 230 222 22.8 84.60 0.80
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INDUSTRY:

DATE IMMERSED [N WATER:

A

01.10-96

APPENDIX A6

TEST: WET DEVELOPMENT STRENGTH.
5/Ng Date Sample No. Length Breath Height Weight Failure Strength
Tested mm mm mm mm Load
N/MM- AVE
(KN}

1 ATI02I1OIARS 44t 230 220 24.5 £5.20 0.24
2 02-10-96 | A2/02/10/AB) 460 230 221 24.2 25.00 (.33 0.32
3 A3fozh DJAB] 46 230 222 25.6 40.40 0.38

4 Ad/04/10/AB) 460 231 220 239 48.50 0.45

5 04-10-96 | AS5/04/10/AB) 458 229 220 25.7 52.20 0.50 0.49
B A6/04110/AB) 461 230 221 23.9 35.30 0.52

7 AZ{03/10/ABI 460 22 220 250 3510 0.51°

8 08-10-96 | AB/08/10/ABI 458 230 220 4.8 4300 0.46 Q.50
9 Ag/08/10/AB) 458 230 222 25.6 56.20 0.53

10 A10/15/10/ABI 460 229 220 23.8 62.30 0.59

i1 15-10-96 | A11/15/10/ABI 460 231 222 257 58.00 0.55 Q.57
12 A12{15/10/AB) 459 230 221 25.2 60.00 0.56

13 A13/22110/AB) 460 229 222 239 65.50 0.62

14 22-10-96 | A14/22/1C/ABI 461 230 222 25.6 53.80 0.51 0.5%
15 A15/22/10/AB 461 230 220 248 68.70 0.65

16 A14/29/10/ABI 458 229 221 238 74,60 071

i7 29-10-96 | A15/29/10/AB| 441 230 220 23.9 76.20 0.72 070
18 A16/29/10/ABI 40 230 220 25.6 72.00 0.68
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INDUSTRY:

DATE IMMERSED IN WATER:

B

APPENDIX A7

02 -07 - 96

TEST: WET DEVELOPMENT STRENGTH.
SHlp Date Sample Ne. Length Breath Height Weaght Failure Strength
Tested mm mm mm met Load
N/MM? AVE
(KN)
1 B1/03/07/AB 461 220 230 23.4 23.00 0.22
2 03-07-96 | B2/03/07/AB 460 220 230 24.8 35.10 0.33 0.31
3 B3/03/07/AB 461 221 230 24.4 40.60 038
3 B4/05/07/AB 460 220 229 25.3 4120 041
5 05-07-96 | B5/05/07/AB 459 g2l 230 232 4500 0.42 0.43
6 B6/05/07/AB 460 220 230 24.8 48.00 0.45
7 B7/0%/07/AB 459 220 230 227 4500 0.43
2 090796 | B3/OSIDTIAL 460 221 229 25.3 55.20 8.52 0.54
5 B/0S/07/AB 460 220 229 26.5 70.70 0.67
t0 B10/11/07/AB 460 220 230 24.8 4530 0.43
11 16-07-96 | B11/11/07/AB 461 220 230 24.8 5510 052 0.44
12 B12/11/07/AB 460 220 230 25.7 40.20 0.38
13 B13/23{Q7/A8 459 222 230 255 65.00 0.2
14 23-07-96 | B14/23/07/48 460 221 229 25.8 80.60 0.76 Q.62
t5 B15/23/07/AB 460 222 229 26.8 43,60 0.47
16 B16/30/07/AB 458 220 229 24.6 65.80 0.63
17 30-07-96 | B17/30/07/AB 461 220 230 262 79.90 0.75 068
18 B1311007/AB 460 220 21 25,5 .70 057
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INDUSTRY:

DATE IMMERSED IN WATER:

APPENDIX A8
C

31-07-96

TEST: WET DEVELOPMENT STRENGTH.
S/No Date Sampie No. Length Breath Height Weight Failure Strength
Tested mm mm mm mm Load
M/ AVE
(KN)
1 C1i01/08/K] 459 230 219 25.80 2740 0.26
2 01-08-96 | C2/01/08/KI 460 230 220 24.70 32.60 031" 0.28
3 C3/01/08/X) 460 229 220 26.30 28.10 0.27
4 €4103/08/K| 458 229 220 24.75 28.00 0.27
b 03-08-96 C5/03/08/K! 461 230 220 25.70 62.20 0.55 042
A C6/03/08/K 460 230 222 25.95 44.60 0.42
7 C7/07/08/K 460 230 220 26.15 59.90 0.57
8 a7-08-96 €8/07/08/K 460 228 220 26.30 36.80 0.35 046
9 (9/07/0BfKI 460 229 220 2690 48.00 0.46
10 C10/14/08/K 458 230 222 2725 68.70 .65
11 14-08-96 | C11/14/08/K 459 230 221 24.80 66.00 063 0.5
12 C12/14/08/KI 461 230 221 25.60 53.60 0.51
13 £13/21/08/K 460 228 220 25.40 83.20 0.79
14 21-08-96 | C14/21/08/KI 460 229 221 26.50 £3.50 0.60 0.67
15 C15/21/081% 460 229 220 26.80 69.50 0.62
16 C16/28/08/KI 459 230 220 25.80 64.60 Q.51
17 28-08-36 | C17/28/08/K) 450 229 220 27.90 68.30 (.65 0460
18 (18/28/08/K] 460 230 220 26.40 .96.20 0.53 ~
. AT L .. 47333¢6 ,___1'
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INDUSTRY:

DATE IMMERSED IN WATER:

D

Qi-10

APPENDIX A9

- 96

TEST: WET DEVELOPMENT STRENGTH.
SilNo Date Sample No. LLength Breath Height Weight Fadure Strength
Tesied mim mm mm mm Load
/MM AVE
(KN)
1 D102/ 10/GW 459 229 220 25.60 26.30 0.35
z 02-10:96 | D2/02/10/GW 460 230 220 25.80 40.20 0.38 0.38
2 D3/02/10/GW 460 229 220 26.50 42.10 0.40
4 D04 OGN 459 228 210 7.30 4340 Q.44
5 04-10-96 | D2/04/10/GW 460 229 221 24.50 4560 0.43 0.43
G D3/04/10/GW 461 230 cel 25.25 48.70 0.46
7 D1/08/10/GW 459 230 219 25.15 45.40 042
8 08-10-96 | D2JoBNOeW 461 230 220 24 .85 9220 0.49 Q.59
9 D3/08H10/GW 460 228 220 25.20 50.00 0.57
10 D1/15/10/GW 460 229 220 26.10 4810 0.46
R 15-10-96 | D2/15/10/GW 460 229 221 26.00 5270 0.50 0.5i
12 D3/15/10/GY 45% 229 221 25.9% 58.60 0.56
13 D1/22/10/GW 461 230 220 29.15 6540 0.62
14 22-10-86 | D2r22f10/GW 450 230 220 23.90 43,60 0.47 0.58
15 D3/22/10/GW 460 227 220 24.20 70.00 0.66
i6 DAf2910/0V 459 228 220 26.10 26.10 0.65
17 29-10-96 | D2/29/10/GW 458 229 221 26.15 26.15 0.56 063
13 D3:25110/GW 499 230 220 25.00 25.00 0.46
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INDUSTRY:

DATE IMMERSED IN WATER:

D

APPENDIZ A1O

19-11-96

TEST: WET DEVELOPMENT STRENGTH.
SiNo Date Sampie No. Length | Breath Height Weight Failure Strength
Tested mm mm mm mm Load
N/MM AVE
(KN)
E1/20/11/ABI 461 229 220 27.7 20.50 0.1
2 20-11-96 E2/20/11/ABI 4672 230 220 22.2 40.20 0.38 0.31
3 E3/20/11/AB) 462 228 220 249 38.10 0.36
4 E4/22/11/AB] 460 230 231 235 43.80 0.41
5 22-11-96 | ES/22/11/AB 460 230 220 246 45.80 043 0.42
B E6122/11/ABI 461 230 220 25.5 4490 042
7 E7/26/11/AB] 459 228 221 231 45.90 0.44
8 26-11-96 | E8/26/11/ABI 462 228 220 246 40.80 0.39 0.43
ES/26/11/ABI 460 228 220 24.0 48.70 0.46
10 E10/03{12/ABI 460 228 222 24.7 45.60 0.43
1" 03-11-86 | EV1/03/12/AB) 482 228 221 242 50.40 0.48 047
12 E12/03/12/AB) 460 230 220 255 52.30 049
13 E13/10/12/AB) 461 230 220 229 £5.20 0.64
14 10-11-96 | £14/10/12/AB) 461 230 221 256 45.10 0.43 0.55
15 £15/10/12/AB) 480 228 220 264 60.00 0.57
16 E16/17/12/AB] 460 223 222 22.6 65.890 063
7 17-12-96 | E17/17/12/AB) 481 228 20 23.2 56.80 0.54 0.61
18 E18/17/12/4B) 460 230 220 23.1 58.60 0.65
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APPENDIX A1t

INDUSTRY: A
TEST: WET COMPRESSIVE STRENGTH
DATE IMMERSED IN WATER: 01-10-36
DATE TESTED: 08-10-96
DATE MORTAR CUBE ATTAINED LEAST STRENGTH: 08.-10-96
5¢No. | Sampile Muriber | Length | Breadth | Herglt | Hollow Size | Volume Weight Failre Strentjth | Average
{mmj | (mmp | {m) Before {y {kay Load Mimm® | Strength
Capping {kg) {Nfmem’)
! A1/08/10/A8) 461 230 229 168x140 0024 50.20 46.10 .43
2 A208/10/A8 460 230 230 170¢140 0.024 26.10 42.20 0,40
3 AYJORNO/ABI 460 208 279 166x136 0.024 25.8 53.50 0.51
4 ALDRHO/ABI 465 230 228 1701138 0.024 25.20 60.00 0.57
5 AS/08710/4B] 461 229 230 1706140 0.024 25.00 48.40 0.46
[ ARSI 10/ABI 460 231 229 170140 0.024 24.80 52.20 (.49 04
7 AT108/10/ABI 460 229 230 168413% 0.024 25.20 49.50 0.47
3 A2{0B/10/AB) 459 230 230 163126 6.024 75.20 4200 045
9 AS/08/10/AB! 460 23 230 170x136 0.024 25.40 52.20 0.53
10 A0S 1DIABI 460 229 230 170x140 0.024 2550 S7.30 0.5¢
AVERAGE STRENGTH = 0.49Nfmm’
STANDARRD DEVIATION = 0.05N/mm?
COEFFICIENT OF VARIATION = 10.86%
APPENDIX A12
INDUSTRY: 8
TEST: WET CCMPRESSIVE STRENGTH
DATE WMMERSED IN WATER: 02-07-9
DATE TESTED: 05-07-9
DATE MORTAR CUBE ATTAINED LEAST STRENGTH: 09-07-96
Ma. | Samgle Number | Lengih | Breadth | Hewght | Hollow Size | Walume Waght Failure Srenglh b Average
{mm} {mm) frin) Befare (%) (k) Load Nfmm® | Strength
Capping fhay fH/mm "y
t B1/09/07/RB 460 230 229 165x140 0.024 2580 46.20 0.44
P B2/0B/Q7/AB 461 229 230 170x149 0424 22.60 4270 040
3 B3/09/07/AB 460 210 230 165136 0.024 2340 4470 0.42
4 B4/0S/07/AB 453 230 229 1662138 0.024 22.80 48.30 0.46
5 BSIOSFOTIAR 458 229 225 16844540 0024 620 56.40 Q.54
6 B6/09/07/AB 460 231 230 1652140 0.024 25.80 58.00 0.55 0.5
7 B7/09/07/AB 461 230 229 168x140 0.024 2560 40,90 0.39
& B3/09/07/AB 460 230 230 188x133 0.024 26.10 43.00 0.41
. BY/OO7/AB 460 229 230 16Bx136 0.024 2480 8010 0.57
10 B’ 0/09/07/AB 450 230 230 1682140 0,024 25.10 13.20 0.46
AVERAGE STRENGTH = 0.46h/mm*
STANDARRD OEVIATION = 0.06N/mm’
CORFFICIENT OF VARIATION = 13.04%
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OIS

TEST:

APPENDI% A13

(

WET COMPRESSIVE STRENGTH

DATE IMMERSED IN WATER: 31 -07-96
DATE TESTED: 08 -08 -96
DATE MORTAR CUBE ATTAINED LEAST STRENGTH: 07 -08-96
SNL Sanple Number Length ] Breadth [ Height Hollow Size Yolume Weight Faiure Strength Average
(mm) (men) (mm) Before {m’) {kg) Load N/mm* | Sirength
Capping {kg) (Nmm*)
1 CHOTIDSIKI 60 230 231 160x140 0.024 26.40 43,10 0.45
2 C2j07/08/K] 461 230 230 i162x133 0.024 26.10 53.40 0.50
3 £3/07/08/K) 160 20 230 161140 n.024 26.40 5230 .49
4 CL{07/08/K] 150 2 230 163x140 0.024 26.30 38.80 0.37 0.4
5 C5/07/0B/K) 459 230 229 160138 0.024 25.70 56.00 053
b (6/07/08/K) 460. 230 231 1601138 0.024 2590 42.30 0.40
¥ (7/07/08/K] 459 229 231 159x 140 0.024 26.00 48.00 0.47
2 C&/78/08/K! 460 229 230 162x 140 0.022 26.10 43.00 0.41
9 {9/07/08/K] 460 228 230 1625140 0.024 26.30 44.20 0472
10 (1 0/07/DBIKI 450 230 230 67140 0.024 £5.30 54,40 0.51
AVERAGE STRENGTH = 0.46N/mm’
STANDARRD DEVIATION = 0.05N/mm-
COEFFICIENT OF VARIATION = 10.86%
APPENDIX Al4
INDUSTRY: D
TEST: WET COMPRESSIVE STRENGTH
DATE IMMERSED IN WATER: 01-10-9¢6
DATE TESTED: 08-10-96
DATE MORTAR CUBE ATTAINED LEAST STRENGTH: 08-10-96
SiNo. | Sample Mumber | Length | Ereadth | Hewght | Hollow Size Yolume Weight Failure Strength fwerage
{mm} {mm} {mm} Beijore {m’} {kg) Load N/mm? Strength
Capping fku {N/mm’)
1 01/08/10/GW 459 230 231 1664136 0.024 24.50 48.80 0.46
2 D2f08/10)GH 460 230 230 168x138 0.024 2470 4710 0.45
3 D3/08/10/6W 460 229 230 164x135 D024 25.10 45,00 0.44
4 D4/0310/GW 460 229 228 168x134 0.024 2530 44.20 0.42
5 DS/03/10/GW 459 231 229 166x135 0.024 25.80 $3.20 0.50 0.4
6 06/08/10/GW 461 230 229 166x136 0.024 25.10 51.30 048
7 D708/ 10/GW 459 230 230 170x138 0.024 26.20 50.60 0.43
8 08/08/10/GW 461 229 231 168x138 0.024 2470 49.50 047
9 D9/08/10/GW 460 230 229 166x140 0.024 24.20 45.80 043
10 D10/08/ 10/GW 460 231 230 168134 0.024 24.80 53.70 Q.51
AVERAGE STRENGTH = 0.46Nfmm’
STANDARRD DEVIATION = 0.04N/mmy’
COEFFCENT OF VARIATION = 8.33%
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APPENDIX A5

INDUSTRY: £
TEST: WET COMPRESSIVE STRENGTH
DATE IMMERSED IN WATER. 19-11-96
DATE TESTED: 26-11-96
DATE MORTAR CUBE ATTAINED LEAST STRENGTH: 26-11-96
5/No Sample Number Length | Beeadth | Height | Hollow Size Volyme Weght Fallure Strength Average
{mm) (mm) | {mm) Before {m') fkq) Load Nimm' | Strength
Capping lkg) {N/mm’)
1 E1/26/11/ABI 451 228 228 168x138 0.023 24.20 4340 0.41
2 E2/26/11/AB) 460 230 230 168x140 0.023 24.10 46.60 0.44
3 EE/26i11/AB] 463 230 230 164x138 0.023 23.90 45.10 42
4 F4/126/11/ABI 462 229 229 1682140 0.023 24.10 50.50 0.48 04
5 ES/26/11/ABI 460 230 230 1702138 0.023 24,00 54.00 051
b E6/26/11/AB) 460 228 228 170x140 0.023 23.80 4620 044
7 E7/26/11/ABI 460 230 230 166x136 0.023 24.20 4970 049
g EB/26/11{ABI 460 229 229 166x138 0.023 2430 40.90 0.39
9 E9/26/11/A8) 462 230 230 168x140 0.023 24.10 49.00 046
10 EE0/26/11/ABI 463 231 230 168x140 0.023 24.20 42.00 0.39
AVERAGE STRENGTH = 0.44N/imnv
STANDARRD DEVIATION = 0.03N/mm*
COEFFICIENT OF VARIATION = 6.82%
APPENDIX A16
INDUSTRY: A
TEST MORTAR CUBE STRENGTH
DATE IMMERSED INWATER:  ©1 -10-96
S/No DATE TESTED SAMPLE AGE OF CURING | FAILURE LOAD STRENGTH AVERAGE
NUMBER {DAYS) (KN) {N\mm?) STREMGT]
I T Nmmd)
1 A1/02/10/ABI 1 20.53 419
2 2-10-98 A2/02/10/ABI 1 19.60 4.00 4.00
3 A3/02/10/ABI 1 18.62 3.80
A4/05/10/AB) 3 851 17.37
5-10-96 A5/05/10/AB] 3 89.42 18.25 17.80
AB/05/10/ABI 3 87.22 17.80
7 A7105/10/AB) 7 143.91 29.37
8 8-10-%6 A8/05/10/ABI ? 139.41 28.45 29.81
9 A9/05/10/AB) 7 154.94 31.45
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APPENDIX A17

INDUSTRY: B
TEST MORTAR CUBE STRENGTH
DATE IMMERSED IN WATER:  02-07-36
S/No DATE TESTED SAMPLE AGE OF CURING | FAILURE LOAD STRENGTH AVERAGE
NUMBER (DAYS) (KN) (N\mm®) STREMGT]
Nimm*)
1 B1/03/07/AB 1 19.75 403
2 3-10-96 B2/03/07/AB 1 1867 3.81 399
3 B3/03/07/AB 1 20.29 4.14
4 B4/05/07/AB 3 91.63 18.70
5 5-10-96 BS5/05/07/AB 3 85.06 17.36 17.79
6 B&/0S/07/AB 3 84.82 17.31
? B7/09/07/AB 7 143.86 29.36
8 8-10-96 B8/09/07/AB 7 156.85 32.01 30.23
9 B9/0S/07/AB 7 143,62 29.31
APPENDIX A18
INDUSTRY: C
TEST MORTAR CUBE STRENGTH
DATE IMMERSED IN WATER: 31 .07 -96
5/No. DATE TESTED SAMPLE AGE OF CURING | FAILURE LDAD STRENGTH AVERAGE
NUMBER (DAYS) (KN {N\mm?) STREMGT!
N\mm®)
1 C1/01/08/K1 ! 19.31 3.94
2 01-08-96 C2/01/08/K 1 20.14 411 402
3 (3/01/08/K 1 19.70 4.02
A4/03/08/KI 3 91.19 18.61
03-08-96 A5/03/08/K! 3 86.29 17.61 18.22
A6/03/08/KI 3 90.36 18 44
A7/07/08/K] 7 148.18 30.24
07-08-96 AB/07/08/K) 7 15244 3N 30.60
AS/07/08/K) 7 150.28 30.67
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APPENDIX A19

INDUSTRY: D
TEST: MORTAR CUBE STRENGTH
DATE IMMERSED IN WATER 01-10-%6
5/No DATE TESTED SAMPLE AGE OF CURING | FAILURE LOAD STRENGTH AVERAGE
NUMBER (DAYS) (KN [N\mim+) STREMGT)
N\mm-)
1 D1/02/10/6W 1 20.97 4.28
2 2-10-956 D2/02/10/GW 1 18.42 3.76 4.04
3 D3/02/10/GW 1 19.94 4.07
4 D4/G4/10/GW 3 89.38 18.24
5 4-10-96 D5/04/10/GW 3 95.94 19.58 19.12
b De/O4 1 OIGW 3 95.50 15.5%
7 D7/08/10/GW 7 148.27 30.26
8 8-10-96 D3/08/ 10/GW / 152.45 3113 30.24
q D9/08/10/GN 7 15249 1z
APPENDIXA 2
INDUSTRY: E
TEST: MORTAR CUBE STRENGTH
DATE IMMERSED IN WATER:  19-11-96
S/No. DATE TESTED SAMPLE AGE OF CURING | FAILURE LOAD STRENGTH AVERAGE
NUMBER (DAYS) {KN) {N\mm®) STREMGT)
Nimm®)
1 £1/20/1 1/AB] 1 19,26 393
2 20-11-96 E2/20/11/ABI | 19.06 3.89 3.90
3 E3/20/11/ABI 1 19.06 3.89
4 E4/22/11/ABI 3 89.33 18.23
5 22-11.96 ES/22/11/AB] 3 87.27 17.81 18.04
b EBJ/22)11/AB] 3 8854 18.07
7 E7/26/11/ABI 7 148.57 30.32
8 26-11-96 E8/26/11/AB) 7 150.28 30.67 3060
9 Ea/26/11/AB] 7 150.82 30.80
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