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ABSTRACT

The thesis ains at studying the quality of the
sandcrete bl ocks produced in Kano State and as such journals,
codes, standards and ot her research naterials were consulted

and |l ooked into carefully.

The tests carried out include devel opnent strength test
(wet and dry), wet conpressive test, drying shrinkage,
noi sture novenent and density in accordance with established

standards the details of which are presented in chapter three.

The last chapter (chapter 4) discusses the findings of
the research oy indicating that the quality of sandcrete
bl ocks produced in Kano is low since the conpressive strength
lies between (0.25 and 0.92) Nrmmf conpared with the nininum
value of 2.50 Nmnf specified by the code.
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CHAPTFR ONE

INTRCDUCTION

Sandcrete blocks are the most prominent of the concrete
masonry units in the building industry today especially in
the construction of residential, industrial and commercial
buildings. They could be used as external walls of
buildings (i.e. 460mm thick blocks or as partition walls
(150mm thick blocks and are usually non load bearing).

They are made from a cement/sand mix usually 1 part of
cement to 6 or 8 parts of sand (1:6 or 1:8) with a water/

cement ratio of between fifty and seventy five (75%) percent.

Historically, most concrete masonry unils are manurace-
tured on the 1local level and incustry standards are not
always adhered tec. Variations in shape, size and surface
texture are common features. There is no complete standar-
disation of sizes in the industry for sandcrete blocks and

sizes must be checked in each locality.

This thesis investigates into the development strength
tests (wet and dry), the wet compressive strength tests,
shrinkage, moisture movement and the mode of production of

sandcrete blocks within Kano statee.

The test results show that the strengths of the sand-
crete blocks produced in the state lie between (0.25 to 0.92)
N/mm2 and hence is very low. Curing of the sandcrete

hollow blocks within the state are also very poor with poor

materials used for production.



CHAPTER TWO

LITERATURE REVIEW

Hesearch is still being carried out in order to evolve
a comprehensive standard for sandcrete blocks produced in
the country. However, there are some contributions from
related studies on soilcrete blocks and a few Jjournals

regarding sandcrete blocks were also consulted.

According to Professor Adepegba /conference/, the
strength of cement stabilised laterite and cement stabilised
sand (sandcrate) increases with cement content and that at
high cement content, the granules of sandcrete blocks
behave elastically. He further observed that for cement
content lower than 22 percent, the compressive strength as
well as the tensile strength of sandcrete is lower than
that of latecrate and above this percentage, the strengths

of sandcrete attain. higher values.

Ejeh (1982) observed that "the most economic range of
the use of cement stabilised sand lies between O - 10
percent cement content by weight"s In conclusion, he showed
that soilcrete increases in its dry compressive strength

after curing.

B.S. 2028: 1968, gives specification for precast
concrete blocks which describes sclid, hollow and cellular

blocks as presented below:

Voids pefent of total volume up

solid to 25 percent



Hollow: large hecles or

cavities pass through

the block

cellilar: large holes or

cavities with one

bed, face closed

(usually laid

auppermost).

more than 25 percent but

not more than 50 percent

It stated further that the total width of cavities

messured at right angles to the face of the blocks as laid

in a wall must not exceed 65 - percent of the block thicknesse.

The following table (table 1): gives the dimensions for the

three types of blocks described in the British standard.

TABLE 1: DIMENSTIONS FOR ‘THY. THRTE TYPrS

OF BLCCKS IN

il w3 A

Type

Type Dimension

To bond with B 7mm
bricks size speci-
fied for manufac-

Sizes dimensionally
conditioned on the
nominal 102mm basis.

tured (mm) Size specified for
manufacture (mm)
LengthLength 448 397 or 499
A Height 143% or 219 92 or 194
Thickness 51,64,76,102,1520r219 76,92,102,148,1780r194
Length 448 397,499 or 600
B Height 219 194 or 295
Thickness 76,89,102,152,203, 76,92,102,143,178 or
or 219 194
Length Lhg 397,499 or 600
Height 219 194 or 295
Thickness 51 or 64 51 or 64
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The standard (BS 2028), describes type A blocks as
"dense" i.e having a density of not less than 1500 kg/m3
and include the strongest blocks the use of which is
permitted in all positions. Types B and C are "lightweight"
concretes having densities less than 1500kg/m3, made with a
"lightweight" - aggregate or aerated cement with or without

fine aggregate, high pressure steam autoclaved.

Lightweight blocks provide thermal conductivities
as low as 0. 08 w/m deg C. Fixing and chasing is easier
done than with dense clay and concrete units although drying
shrinkage is more troublesome and precautions should be taken

to prevent cracking of blockwork.

Blocks of good appearance include those with exposed
aggregates and having special facing mixes. The sound

absorption of open textured blocks is good.

Units for masonry wall construction are usually turned
out from machines in which an earth-moist mix is heavily
rammed or pressed into a collapsible steel mould. A pallet
is used in the bottom of the mould, and the blocks or bricks
are removed immediately. Moist cement/sand mix is fed to
the block making machine and compacted. The mould box is
immediately lifted away, three cycles per minute being a

normal production rate.

Care should be taken to avoid the use of too dry a mix,
since this would cause a loss of strength, friable corners
and hipgh permeability. The mix for sandcrete blcks is

specified as 1:6 or 1:8 {(i.e. one part of cement to six or
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eight parts of sand. The minimum levels of performance of
blocks and bricks are given in BS 6073 (1981), precast

‘concrete nuts and masonry units. This stendard deals with
solid blocks, cellular blocks made with a variety of |

aggregates including lightweight blocks and blocks made with

‘autoclaved acrated concrete. The standard also deals with

solid bricks, hollow bricks and cellular bricks.

The minimum strength requirement for blocks {which are

more than 75mm thick) and for bricks are based on a sample

~of Ten units for which the average crushing strength must

be

(a) not less than Q and

(b) not less than 0.9Q + 0.62 S

where Q@ = 2.8 N/mm2 as a minimum for concrete blocks and

5 is the standard deviation for the ten units.

The compressive strength often referrcd to for sandcrete/
masonry is based on the gross area of the unit, that is, the
total area including any core spaces. The primary factors
influencing the compressive strength of a unit are the type

and amcount of cement, type and gradation of aggregate,

degree of compaction, amount of water used, and moisture

content and temperature of the units at test period.

Specificafions available from some codes are presented

in table 2 below:

'
Fi



TABLE 2: Cpmpressive strength for sandcrete/masonry

STANDARD A'SRAGE  LOWEST NUMBER IMMERSION CONTACT

STREMZTH STRENGTH OF BLOCKS DAYS LAYER
N/mm2 N/mm2 TESTED
NIS 74 2.50 not about 1&3 Plywood

specified 6 blocks

FMW 1979 2. 10 1. 70 3 on not not

specifiad specified

BS2028/A 3e 50 2+ 80 12 7 to 8 cement
blocks mortar
B52028/B 2.30 2¢25 12 7 to 8 cement
blocks mortar
NIS 74 = Nigerian Industrial Standard

- Spacification for Burnt clay unit
FMW -~ Fed2ral Ministry of works
BS 2028: 1963

DRYING SHRINKAGE AND WETTING EXPANSION

According to BS 2028 (Appendix E 1968); drying shrinkage
and wetting expansion are determined by taking four (4) blocks
at random from the sampled blocks unless four (4) blocks
sampled were specifically set aside for the test in accordance
with clause 17. This clause covers the requirements for

independent tests and sampling.

According to BS 2028 (App. E), a measuring apparatus

incorporatinz a micrometer gauge (strain gauge) or a suitable



dial gauge measuring to an accuracy of 0.001mm would be

suitable.

This gauge has a face diameter of 5.5mm to 6.5mm which
can be located on a 6.3mm to 6.5mm dizmeter stainless steel
ball cemented in the specimen using a suitable fixing agent
such as synthetic resin, so that the ball is in close
contact with the base of the hole so that about half of the
ball is exposed to provide a hemispherical bearing. After
fixing, the ex»osed hemisphere is to be wiped clean and

coated with lubricating grease to prevent corrosion.

Thereafter the four specimens should be labelled
accordingly and completely immersed in water at room
temperature for a minimum of four days and a maximum of
seven days and the water should be maintained at a tempera-

ture of 20 + 1°C for the final four hourse.

Each specimen should be measured to determine the
distance over the steel balls to the nearest 1mm and the

distance minus 13mm gives the length.

For wet measurement of specimens, the standard specifies
that immediately after removal of the specimens from water,
the grease should be wiped off from the steel balls and the
length of each specimen measured accarately to 0.001mm by

the same straian gauge.

Furthermore, the specimen should be placed between

the recessed s22ting of the frame and the recessed end of

the gauge. The specimen or frame should then be rotated and



the minimum reading observed. The specimen should then te
reserved end to end and the measurement taken again. The
aver=ge of the two readings give the value of the original
wet measurement. The measurement required is not the
absolute length of the speciment but the difference in
length between the specimen and the reference rod of

approximately the same length.

The specimens are to be dried in the oven operating
at a temperature of not less than 55°C. A time of at least

four hours will be required to attain the above temperature.

The drying shrinkage value of each specimen is
calculated as the difference between the original wet
measurement aad the dry measurement expressed as a percentage

of the length.

For the determination of the wetting expansion, after
testing the spscimens for drying shrinkage, the British
standard BS 2028; states that; the stainless steel balls
should be coated with lubricating grease and immersed in
water for four (4) days and maintained at room temperature
(20 + 1°C) for the final four hours. Immediately after
removal of the specimen from the water, the grease is to
be wiped off from the steel balls and the length of each
specimen measured as described for determining the original
wet measurements The corrected length represents the final
wet measurement and the wetting expansion or moisture move-
ment of each specimen is calculated as the difference

between the dry measurement and the final wet measurement

expressed as a percentage of the length.



Teble 3 = Pelow pives the maximum allowable value of the

drying shrinkage for the three types of blockse.

TABLE 3: MAXTMUM VALUE OF THE DRYING SHRINKAGE

— i —

BLOCK AVERAGE COMPRESSIVE BLOCK MAXIMUM DRYING

TYPE STRWNGTH (N/mmz) DENSITY SHRINKAGE %
KG /m?
A Less than 10.5 All 0. 05
10.5 and above All 0. 06
lL.ess than 7.0 Over 620 0. 07
B 625 and less 0. 09
C A1l blocks Over 2625 0. 08

625 and less 0.09

DENSITY

The density of the sandcrete blocks are to be determined
by weighing the blocks and dividing the resultant mass by
the gross volume and expressing the result in kg/mB- An
average of three sample blocks are sufficient.

WET Cum/: S ThenlTH (fedded iedith Mogdad)
PEEPARATICN OF T.:ST SPECIMENS

According to BS 2028 (1968); App. C each specimen should
be immersed in water at a tempersture of 20 + 2°C for at
least 16 hours, and allowed to drain for about 30 minutes
under damp sacking or similar material, before capping with

mortar.
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Mortar for the capping should be prepared from one
part by weight of rapid - hardening portland cement complying
with BS 12, to one part by weight of sand complying with the
requirements of grading zones 2 or 3 of BS 882, but from which
has been rejected material retained on a No. 7 fine mesh
normal or special test sieve as specified in part 1 of BS
410. A measured gquantity of water sufficient enough to
produce a mortar having a consistency value of not less than
émm and not more than 9mm when measured by the test for the
determination of consistence by the dropping ball method
should be added.

Cubes or prisms should be made from the mortar and the
compressive strengths tested. Sufficient specimens should
be made to determine the age at which the mortar attains an
average of compressive strength of at least 28.0 N/mmz; this

should normally occur between two to four dayse

The machined face of the steel plate (capping plate, at
least 25mm longer and wider than the block to be capped, and
not less than 19mm thick) should be covered with an appro-
priate release material oil or a sheet of paper to prevent

any mortar from adhering to it.

A uniform layer of the mortar, about 5mm thick should
be placed on the plate consequently pressing one bed face
of the specimen into the mortar layer. The specimen has to

be covered with a damp cloth which should be kept damp.

The specimen should be allowed to remain undisturbed for

at least 16 hours and the second bed face is then bedded in
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in a similar manner if the first bed face is free from

defects (BS 2028: C 3:3:1).

After this treatment, the specimens should then be
immersed in water at a temperature of 20 + 2°C until the
mortar used for the bed faces has attained the required

minimum strengthe.

METHOD FOR DETERMINATION OF COMPRESSIVE STRENGTH

BS 20283: Appendix C: 4:1, indicates that the specimen
should be placed centrally on the seated platen and load
applied centrally without shock while continuously
increasing it at a rate at which failure will occur within
%3 to 1% minutzs, but for blocks assumed to have a compressive
strength of 1l2ss than 7.0 N/mmz, the period could be

increased to 3 minutese

FACTORS INFIUINCTNG QUALITY OF SANDCRETE BLOCKS

According to Murdock, Brook and Dewar (1991), tests
for compressive strength are widely accepted as the most
convenient means of quality control and this quality is
largely dependent upon the type and properties of the

constituent materialse.

CEMENT: The cement used by the Industries is basically
from Ashaka cement factory (which is ordinary portland
cement and hence has a good quality. Poor guality of

cement would lead to very weak blocks. Methods for testing

cement is given in BS 12
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SAND:

Neville (1987), discribes sand as a natural aggregate
that can be separgted by such gentle mechanical means as
agitation in water which implies that, it is a cohesionless
aggregate of rounded angular or subangular fragments of more
or less unaltered rocks or minerals. Particles with a size

of up to 5mm are referred to as sande

Sand comprises of more than 80 percent of the cement -
sand mixe The term aggregates include the natural sands,
gravels and crushed stone used for making mortars and
concretes and it is also applied tc special materials used

in the production of light and heavy weight concretes.

Sand is a form of fine aggregate with the smallest
size greater than 0.06mm. Cleanliness, soundness, strength
and particle shape are important features in any aggregate .
Aggregates are considered clean if they are free from
excess foreign materials e.g. silt, clay, mica and organic
matter. For an aggregate to be physically sound, it has
to retain dimensional stability under temperature or
moisture chang? and be able to resist weathering without
being decompos2de Strength is indicated if an aggregate 1is

able to develop the full strength of the cementing matrix.

Processes have been evolved for improving the
quality of ag;regatess Washing could be used to remove

particle coatings or to change aggregate gradation. Heavy

media separation, using a variable specific gravity liquid
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such as suspension of water and firely ground magnetite
and ferrosilocon can be used to improve coarse aggregates.

Deleterious lightweight material is removed by floatation.

GRADING

The grading and maximum size of aggregates are
important because of their effect on relative proportions,
workability, economy, porosity and shrinkage. The particle
size distribution is determined by separation of a series

of standard sereens (Sieves).

FINE AGGREGATES

Formerly two classes of fine aggregates were recognised
but the 1954 revision of BS 882 altered the classification

to four grading zoness The grading zones are represented

below:



Table 4 BS and ASTM Grading Requirements for Fine Aggregate

Percentage by weight passing sieves

Sieve size —_
BS 882:1973 ASTM
Standard
ASTM  Grading  Grading  Grading  Grading € 33-78
BS No. zone 1 zone 2 zone 3 zone 4
95mm  Ykin. 100 100 100 100 100
4-75mm  Yiein. 90-100 S0 100 90100 95100 95-100
2:36mm 8 095 75-100 #5-100 95100 Hi- 100
I-1Bmm 16 30-70 55-90 75-100 Y0106 50-85
OO pum 30 15-34 35-59 60-79 BO-100 25-60
300pm 50 5-20 R-30 12-40 15-50 10-30
1S0pm 100 0-10* 0-10* 0-10* 0-15* 2-10
* For crushed stone sands the permissible limit is increased to 20 per cent.
ASTM Sieve Size
o220 1100 50 30 16 8 4 Vg
L
8o Vi
E‘) 60

A
o]

Percentace Foss

]
o

/
/

T

\

///
=

K

%

um

150 300 600 118
mm
Metric Size

2:36 475 88

- ASTM Standard C33-78 grading limits for fine aggregate
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The coarse sand of zone 1 produces a harsh mix, and
a high sand content may be necessary for higher workability.
This type of sand is more suitable for rich mixes or for

use in mixes of low workability.

Zone 2 represents a medium sand generally suitable for

"standard" 1:2 fine to coarse.

Zone 4 revresents a fine grading which will be cohesive
but not very woirkable since the greater part of this sand is

smaller than the 600 m (No. 30 ASTM) sieves
There is no clear distinction between zone 3 and 4.

Coarser grained soils and aggregates are well
described by their particle size distribution curves. The
most common form of the plot is the cumulative disgram
displaying the percentage by weight of the material finer
then any given size as shown in the fipures above.
Individual soil samples are nearly eguidimensional and
when the particles are matched against sieves of known
aperture sizes a satisfactory estimate of the amounts of
material finer than each size is easily obtained. The
lower limit of size analysed by sieving is usually fine
sand at 6}~m according to BS 1377, but here the limit was

taken as 150um (in accordance with BS 882).

WATER

Water fit for drinking could be used for the production

and for local curing.



BRTCKS

Bricks are investigated because like blocks they are
also used as walling units. BS 3921:1969 describes a brick
as a walling unit designed to be laid in mortar and not more
than 337.5mm long, 225.0mm wide and 112.5mm high, as
distinct frem a block which is defined as a unit having one

or more of these dimensions larger than those quoted.

Strength and durability should be sufficient for the
conditions in which the brick is to be useds Where necessary,
bricks should be of good appearance or provide a good base
for rendering, plastering or decoration. The size and shape of
bricks should be regular to facilitate bondings 1In its most
common form, a brick can be held in one hand, and its length
of 215.0mm is equal to twice its width of 102.5mm plus one
10mm joint. The height of 65mm allows for laying four courses

of brickwork with four 10mm Joints to 300mme

SIZES

BS 3921: part 2; 1969 specifies only one standard format
designated 225, 112.5, 75 and of the following dimensions.
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TABLE 5: B3 3921: part 2: 1969 bricks dimensions

Actual Overall
dimensions measurement of
(mm) 24 bricks (mm)
Length 215 5160 + 75
Width 10245 2460 + 45
Height 65 1560 ¥ 50

Samples to be taken in accordance to clause 37 and

%8 and to be tested in accordance to clause 39.

STRENCTH

Althourh clay bricks may have strength up to 175 N/mmz,
considerably lower strength are adequate for the loadings
which are vsual in small buildings. The building
Regulations 1965 require only 2.75 N/mm2 for two storey
houses or two storey buildings divided into flats and the
LCC cunstruction Bylaws 1965 are satisfied with a minimum

of 13.8 N/mm2 for internal non - load -bearing walls.

Table 6 below gives the minimum average compressive

strengths for clay bricks.

TARLE 6:
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TABLE 6: Minimum Average compressive strength for clay bricks

Designation Class Minimum Average
Compressive strength
(/mm®)
A 69« 0
Engineering brick B 48. 5
Load - bearing brick(for 15 103. 5
brickwork designed in 10 69.0
accordance with CP111) 7 48.5
5 345
4 27.5
3 20.5
2 14,0
1 7.0
Bricks for damp-proof courses d.p.c"
Bricks for load bearing 5.2

brickwork not designed (in

accordance with TP 111) -

or higher strengths

as required

Bricks for non-load

bearing partitions -

1e b
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CHAPTER THREE

OBSEAVATION, EXPLRIMUNTATION AND TEST RESULTS

3+1. OBSERVATION

Before collection of samples and experimentation, a
general visit to most of the industries within Kano State was
made. The purpose of the visit was to get a general

information about the block industries within the state.

These information include mode of production, type of
materials used, mode of curing used by the industries,
production capacity, cost of blocks, source of water and

the staff strength of the industries.

After the above information were obtained, five
industries fairly scattered within the state were chosen
for sample collection and detailed study. The first
industry is located in the centre of Kano town which is the
state capital and is labelled industry A; Industry B is
located in Gezawa town in Gezawa local government about
20km to the east of Kano; while C is in Tudun Wada town
in Tudun Wada local government about 80km from Kanc to the
west. Industries D and E are located in Gwarzo town, head-
quarter of Gwarzo local government about 55km to the west
of Kano and Wudil town in Wudil local government about &40km

south east respectively.
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3.2, EXPERIMENTATION

The localities above were so chosen because of acces=-
sibility and for the mere fact th:t they are the major
block preducing industries in the area. The rest localities
husve blocks that are produced only locally and not for
commercial purposes and even then only when there is a need

for a minor construction exercise.

It is worth noting however, that the labels A,B,C,D and
E of the industries do not necessarily have anything to do
with the quality of the block concerned but are Jjust mere

labels for identifying the block samples.

Below is an account of the investigation conducted

for each industry.

Industry A

This industry is located along new Bayero University
campus roads The type of cement used is Ashaka cement which
is ordinary portland cement. The producer claims that he
produces about 40 blocks per ench bag of cement and that he
uses a mix of 1 part cement to 4 parts coarse sand and 2
parts fine sand (146). The detailed result of the sieve
analysis on the soil sample obtained from the industry is
presented in table 7. The blocks are produced by means of
an automatic block machine which compact and vibrate the

mix in a steel mould. A very dry mixture of cement,

aggregates and water is used and the moulds are removed

La®
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immediately after compaction. This machine produces four
460mm x 225mm x 225mm blocks simultaneously. The machine
has a production capacity of about one thousand five

hundred (1,500) per day.

The blocks were sold at a cost of HE.60k per block as
at the time of purchase. The source of water in the industry
is a tap located at the corner. The industry has a staff
strengsth of about ten (10) men. Fifty blocks were bought from
the industry. The method of curing is by spraying the blocks
with water mornings and evenings for seven (7) days. The

name of the block making machine the vibrobloc model VS.

INDUSTRY B

This industry is located at the edge of Gezawa town.
Here the cement used is also of Ashaka cement factory
(ordinary portland cement). Here the producer claims that
he produces between thirty five (35) to thirty nine (39)
blocks per bag of cement and that he uses a cement to sand
mix of one (1) part of cement to six parts of sande The
detailed result of the sieve analysis on the sand sample
obtained from the industry is presented in table 8 The
block making wachine is also uf the automutic type with a
produc tion capucity of at lea:st one thousand blocks per day.
The muchine also produces four 460um x 225mum x 225mn blocks
simul taneously. The blocks wecre s50ld at a cost of R6e.40k

per block and a total o fifty blocks were bought from the
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industrye  The gource ol thye walur in the Induntry is a Lup
water. The industry has a staff strength of twelve (12} men.
The method of curing is by spraying with water mornings and
evenings for at least 3 days. The block making machine used

by this industry is the vibrobloc model V5.

'
[

!

|

- : ! |
INDUSTRY C - o {.

The industry is located in Tudun Wada town, the cement
used is also Ashaka cement. The owner did not specify the
number of blocks he produces per bag of cement. The cement/

sand mix here is alsec one part cement to six parts of sand.
o , _ o _

The detailed result of the sieve analysis on the soil
sample obtained from the industry is presented in table 9
The block making mechine has a production capacity of eight
hundred 460mm x 225mm x 225mm at the cost of N6.20 per blocks
The source of water used is water obtaihud from a borvholes
The industry has a staff strength of wven men. The method
of curing is by spraying with water mornings and evenings
for at least 3 dayse This industry uses Bolyn model 2

block making machinec.

INDUSTRY D |
——————— |

This industry is located in Gwarzo town. The producer
uses ordinary portland cement from Ashaka cement factory.
The cement/sand mix is one part cement to six parts of sand.
The detalled result of the sicve analysis conducted on the

\

soil sample 1is presents’ f2 table 10. The block making

machine is a manually operated type and the production
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capacity is five hundred and fifty blocks per day. The blocks
were sold at the cost of N6.00 per block and a total of fifty
blocks were bought. The source of woter i3 "rom a tap located
within the industry. The block making mschine used is vibro-
block model 3. The industry has a staff strength of 11 men.
The method of curing is by spraying with water mornings and
evenings for at least 3 days. The type of block making machine
machine used by this industy is the vibrobloc model 5.

INDUSTRY B

This industry is located in Wudil town. The cement used
by the producer 1is Ashaka brand of the ordinary poitland
cements The cement/sand mix is one part cement to six parts
of sende The detailed result of the sieve analysis conducted
cn the soil sawmple obtained from the indnstry is presented in
table 11. The block maling machine is of the autometic type
and has a production capacity of about one thousand blocks
per day. The blocks were scld at N6.00 per block and a total
of fifty blocks were bought from the industry. The  water
uted for the production and curing is tap water. The method
of curing is by Bpraying the blocks with water for a minimum
period of three days and a maximum period of seven days.

The staff strensth of the industry is about fifteen (15) men.

The industry uses block makin: machine model 4 - vibrobloce
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MAP OF KANO STATE

SHOWING 34 LOCAL GOVERNMENTS

AND LOCATIONS FROM WHICH SAMPLES
' WERE TAKEN

KATSINA JIGAWA

K ADUNA
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STisVE ANALYSIS R

|4
il

SULT FOR INDUSTRY A

b

Sieve size Weight Welght Percentage
Retained Passing Passing

i (gms) (pms)

6. 30 O 1000 100.,

bLe 7H 0 1000 100

2.00 127 873 87.3

1e 18 221 652 65.2

600m 348 304 300 4

200 m 166 138 13. 8

150 m 16 78 7.8 .

Pan 78 - P'JT

TABLE 8

SIEVE ANALYSIS RLSULT FCR INDUSTRY B

Sieve size| Welght Weight Percentage
Retained Passing o
{gms) (gms)

6. 30 mm 0 1000 100

L« 75mm 0 1000 100

2.00 mm 100 S00 90. 0

1« 18mm 202 698 69.8

600 m . 360 338 33.8

300 m 182 156 1546

150 m 90 66 6e6

Pan 66 - S ST T




TABLL 92

SIVE ANALYSIS RESULT FOR INDUSTRY C

Sieve size Weight Weight Percentage
Retained passing passing
(gms) s)
6. 30 mm 0 1000 100
4,75 mm 0 1000 100
2.00 mm 82 918 91.8
1.18 mm 240 678 67. 8
600 m 372 306 30. 6
300 m 208 98 17.6
150 m 40 58 S.8
Pan 58 -
TABLE 10: SIEVE ANALYSIS RCSULT FOR INDUSTRY D
Sieve size Weight Weight Percentage
Retuained Passing Passing
(gus) (gms)
6. 30 mm 0] 1000 100
4475 mm 0 1000 100
2.00 mm 60 940 94. 0
1e 18mm 200 740 74.0
600 m 4L00 340 34 O
300 m 265 75 75
150 m 70 5 0.5
Pan 5 =




TABLE 113 SIEVE ANALYSIS RSSULT FOR INDUSTRY E

_ ! b
Sieve Size Weight Weight Percentage
Retained Passing Passing
(ems) (gms)
6. 30 mm 0 1000 100 l|
I
4e 75 mm 0 1000 100 | -
.[ .
2.00 mm 110 890 89. 0
1. 18 nmm 270 660 £6.0
600 mm 352 308 30. 8
300 m 171 137 13,7
150 m - ag 5S4 5 b
Pan 54 - - b
f
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As earlier stated, a total of about two hundred and
fifty (250) block samples were collected from five local
Governments which are well spread in Kano State. In each
local Government, fifty (50) block samples were collected.
These block samples were subjected to verious tests in the
structural laboratory of the department of civil Engineering,
Ahmadu Bello University, Zaria.

The tests carried out include dry developuent strength
test, wet development test, wet compressive test,

shrinkage sieve analysis and woisture movement.

DRY DEVELOPMENT TEST

After production, the blocks are cured by spraying with
wgter and covered with a water proof material like cello=-
phine. The samples are tested for compressive strength at
different ages {i.e. 3, 7, 14, 21 and 28 days) until the
compressive strength remains almost constant. Fifteen
samples from each of the industries A,R,C,D,E were tested
(3 samples for each age)s The averazge values for the
different ages from industrics A, B, C, D and E are shown

in tables 12, 13, 14, 15 and 1€ respectively.
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DHYIDEvRLﬂPMVﬂT STHYNGTH VALOE

Rl
i

b

FOR INBUSTRY A

DATE: oF | ACE V|AVIRAGE| AVERACE| AVERAGE| FATLUKEY, AVERACE] AVERAGE
TEST (NAYS)LFNGTH | winTH HEIGHT | (KN) DENSITY| STRENGTH
(mm) {mm) (mT{ kﬁ/m3 N/mm2
I
23/7/92| % 460 1 229 | 230 50. 5 1045.83 | 0.48
!
27/7/921 7 |us9 | 230 208 76, 2 1058, 30 | 0472
3/8/92 14 1461 230 229 Ol 2 1109.69 | 0.89
10/6/921 21 498 ; 230 230 GG, 3 113608 | 0. 91
17/8/92 1 23 |460 229 230 970 3 1170.8% | 0642
Mean velue = 0.79 N/mm° : T
Standard devisntiorn = 0.17 N/mmz, covérianco 21, 5%
TABLF 1%: DRY DFYTLOPMVNT STRENGTH VALUTS FOP TUDUSTRY B
i
DATE OF | AGE |AVERAGE | AVERAGE | AVERAGE| FATIUR® | AVFRAGE | AVERAGE
TEST (DAYS}WIDTH WIDTH HUTGHT | (KN) DENSITY | STRENGTH
il {(mm) | (1) kG/mj NXmmZ
23/7/92 3 4509 227 !230 L. 2 1033, 30 0. 38
27/7/92 7 461 228 1229 635 1048.671 | 0.60
3/8/02 14 460 2450 229 772 1068.02 | C.7%
10/6/92 21 |459 230 | 250 a1, 5 [1099.97 | 0.77
17/8/92 | 28 |w60 230 1 230 82. 5 {1116.63 | 0.78
- - 1 -
~ 2 I'
Mean value =  0.65 N/wm
. _ : . |
Standard deviction = 04015 NJmo® V Coviwilmnce = 23 08%

K

1
4
|
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TABLE 14: DRY DFVFLOPM:NT STRENCYH VALUES FOR INDUSTRY C
DATE OF | ACE | AVERAGE] AVLBAGE | AVERACL | FAILURE| AVEIAGE ) AVERAGE
TEST (DAYSRLENGTH WIDTH HLICHT |LOAD DENSITY | STRENCTH
2
(o) (nm) (ouzn) (KN) kG/m3 N/mm~
4/6/92 3 480 229 229 36. 0 101247 | 0. 34
8/6/92 7 459 230 229 44,5 1030. 42 | 0.42
15/6/92 | 14 | 461 228 228 5%, 0 10%%,60 | 0.50
pp/6/92 | 21 | 461 229 227 566 0 1043,30 | 0.53%
79/6/92 | 28 | 459 230 230 586 2 1064.58 | 0.55
2
Mean = 0.47 N/mm
-
Standard deviation = 0.08 N/um™ Covariation = 17.02«

TAPRL): 15: DRY DEVELOPMFENT STRINGTH VALUES FCR INDUSTRY D
DATE OF | AGE gﬁVEHﬁG?' AVERAGR | AVERAGE| FATLURE|AVERAGE |AVERAGE
TEST (DALYS) LENGTH| WIDTH H-“TGHT |LOAD DENSTTY STRRQGTH

(om) | (mm) (om) | (KN) kG /m> N/mn”
23/7/92] 3 459 229 2%0 2645 1005.56 | 0.25
27/7/92 7 | 459 230 228 3% 9 1019. 44 | 0. 32
3/8/92 14 | 460 228 22% 42,3 1029.86 | 0.40
10/8/92| 21 461 220 228 L. 6 1043, 02 C. b/
17/8/92| 28 | 460 229 229 La, 7 1056. 91 | 0.46

) 2

Mean = Q.37 N/mm

Standard deviation

= 0.08 N/mn°

coefficient (7 yariation

= 21. 62%
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DRY DEVELOPMFENT STRENGTH VALUSS FOR TNMUSTRY E

DATE OF AGE JAVERAGE | AYPRAGE| AVFRAGE | FAILURE | AVERAGE| AVERAGE
TEST (DAYS)Y LiNGTH | wIDTH HEIGHT | LoD DENSITY| STRENGTH
(mm) L‘mm) (mm) (KN) kG/m3 N/mm2

2/4/92 3 L50 229 228 49.7 1019. 41| 0. 47
6/4/9% | 7 |460 230 229 67.7 | 1035.72| o.64
13/L4/G2 | 14 |héEO 240 230 79. 4 1062.08] 0.75
20/4 /92 21 459 229 230 87.8 10€7.60| 0.83
27/64/92 | 28 |459 230 230 l 91.0 1090. 97 0. 86

Mean = 0.72 N/m;r.:‘l

Coefficient of variation = 19.44%

Standard deviation

= Oc 1‘*

:\I/mm2
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TINRY,

17: e sedipbdid ol SURRHGER ViUl sl bl J
DATL OF vk AVEK AVidtauln | AVeldCl]l PATLUME | AVEHAGLE ] AVYERACE
TEST Y SEL BCTH | WIDTH 11047 | LOAD DENSITY | STRENGTH
E 2
(mm) O(mm) () (ki) I-:C/mj N/mm~
18/8/92 | 3 461 el ” 40, 20 1220,17| 0.8
S (ST P —
22/ef92 | 7 L60 230 “0 Lt 1567, 06] 0. 44
nafglon 14 59 sy 48, (e 58
5/9/52 21 | 460 229 230 624 40 1530, 52| 059
12/9/92 | 28 | 4c 230 230 62,42 1562.5 | 0.59

2
Standard deviation = 0.09N/mm”,

Mesn

0¢52 N/mm"

Covariance =

TABLE 18: WET DEVILOPMENT STR.ANCTH VALUES FOR INDUSTRY B
DATH OF AGL | AVaRAGED AVERAGE] AVIHAGE] FATLURE | AVERACGE

TEST

DaY S

WLLLGTI
(mm)

WwIDTH

(c.um)

HLIGHT
(ll:fu)

LOAD
(ki)

DENSITY
kG/mj

17. 315

AVERAGE
STRZNGTH
N /u.mz

18/8/92

460

229

230

27+ 50

1154+ 17

0. 26

22/8/92

459

229

229

1. 70

1334.72

0. 30

26 /8/92

230

1427.78

0. 40

5/9/92 | 21 | 459 230 230 Lhe50 | 1458433 0.42
12/5/92 | 28 | 461 230 229 45, 50 1495, 83| 0.43

Mean =

2
0. 36 N/mm“

Stundard deviution =

Covariance

194 4440

2
0« O7N /™
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TABLE 19: WET DEVFELOPM™NT STR“NGTH VALUES FCR INDUSTRY C

DATE OF AGE | AVERAGE ] AVERAGE | AVERLAGE | FAILURE | AVERAGE| AVERAGE
TEST DAYS| LENGTH WIDTH HEIGHT LOAD DENSITY| STRENGTH

(mm) (mm) (mm) kN kG/m3 I\.‘,»’mm;3

40/6/52

L0 230 229 24 350 1095« 85 Ue 22

W

L/7/92 7 461 230 230 29, 60 1136. 11! 0.28

11/7/92 | 1% |450 230 229 %5, 90 118R. 89| 0.324

18/7/92 | 21 460 229 270 58. 00 12044 17| 0. 36

25/7/92 | 26 459 230 230 354 10 1270, 83| 0. 37

Mecan = Qe 31 H/l.siu.—
v . - TP S S s M 'ﬁ
Stondurd deviaticn = 0406 N/mi

COVCJT'i:_-r;Ce = 1€:. 35>5

TAELE, 20: !MT DEVELOPM™MNT VALUR3 FCR_TNNUITRY D

DATE. CF AGE JAVERACT | AVERAGE | AVFRAGE | FATILIIRF | AVTRACE | AVERACE
TEST DAYS |[L7NGTH WIDTH HUTCHT LOAD DENSITY | STRENGTH
>
(mm) (mm ) () (kN) 1\'\":/:113 N/mm™
18/8/92 | 3 |61 209 290 19.00 | 1132.92 | 0.18

22/8y92 | 7 461 230 228 23, %0 1197.22 | 0. 22

20/8/62 | 14 JLf0 230 230 29, 60 1287.50 | 0.2

5/9/52 21 lkeo 230 299 %14 70 1327.77 | €130

12/9/92 | 286 |59 229 229 %1, 72 1405. 55 | 0. 30

~ - 2
Fean = 026 N/um

Standurd deviation = 0.095 N/mma™ Covariunce = 1G.235%
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A
wn

AT DEVOLOPM NT STRENGTH VALUES FOR INWISTRY /E

DATE G

TLST

b AT
2341

DaYS

AVERAGL
LI2TH

()

A VHEY AL
3.\"&‘..\.‘1‘\.;?'.

i.;lr L)’l‘I [

(m )

AVUKAGE
. LGHT

(1un)

FATLU
1.CAD

AVERACE

DENSITY
ijmj

AVIERACGE

STRENCTH
.

N/mm™

26/bj92 | 3 450 228 230 3G 20 1150. 00| 0. 37
2/5/92 i LED 229 229 46, 50 1154. &5 | Q. &b
G/5/92 14 {459 229 229 56+ 00 1%302. 78| 0.53

16/5/92

21

230

61,40

143%7. 50

0. 58

23/5/92

28

230

63. 50

1479. 17

0. 60

M(:an =

0.50 N/mmg

Stund.rd deviantion =

Cova

risnce =

18. 00%

0. 09 N/

2
]
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Fobe  HET COMPRESSIVE STiGNCTH

This test was carricd out in sccordunce with BS 2028,
Appendix Co The value shown as averare comprossive strength
in table 22 is an averare of ten sample blockse The velues

are as presented in table 22 below:

TABLE. 22: WET COHPRESSIVE STRTIGTH VALUYS FOR THE FIVE

INDUSTRINS

SERIAL | INDUSTRY | INDUSTRY | INOUSTRY | INDUSTRY | INDUSTRY
NMBR | A(N/mn?) | B(N/on?) | c(v/ma®) | D(N/un?) | E(N/mn?)
DATE 23/8/92 { 23/9/92 ! §/7/92 | 23/8/92 | 3/5/92

1 0. GO l 0«47 0. 37 0. 0 0. 61

2 0. 72 | 0.35 0. %0 0. 52 0+ 65

3 | 0.65 | 0.59 0. 29 0. 24 0.62

& Ue V4 b Oekz Ue 39 0. 28 Ce53

5 Oals7 ' 0e 36 O 40 e 26 e 51

6 0. 49 0. 32 e 38 0. 29 0. 49

Zs 0.0 0« %6 | Q.7 0. 28} 0 50

8 0. 58 043 0. 35 0. 27 0. 60

9. 0. 62 0. 40 g 0. 32 0. 25 0. 62

1C. 0. 63 0. 40 | 0e%3 0. 21 0. 57
lean 0. 56N/ mm2 0. %98/ u:m"!! 0. 55N/ mm? 0.27H/ mm2 0. 7N/ lum‘?
velue

The mortar cubes were tested for compressive strength

from L8 hours until the desir«d strensth wes atteincd after



L
~J

O days immersione. The tables on pages 3¢

and

%9 show the

result of the compressive strength of the mortar cubes.

thie cubes are of the reneral dimension 70.7mm X 70. 7mm X

70. 7min (tables 20A - 20 E) .

{

ed

|

a
B
B
T
A

PLATT IT: SOMT TRST CUBLS (70.7mm X 70.7mm) RI

CRUSHING

r

4

nADY FOR

daads

All

PLATE I1XI: A SAMPLL UNZLR THE ClLAPRAnSSION TESTING MACEINE

ﬂh.asi—)? Fol‘. Ct\‘k.‘iSIAIle
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ALl Velues wre average over % soannles

TAELE 23%4; INDUSTRY A

;
DATE OF AGLE FAILURE AREA STRENGTH
ThaT (DiY3) | LOaD (KR (mmg) NXmm2
19/0/92 5 2 | 500 00 LG98. Ly 10, 00
20/8/92 f 3 85. 00 " 17. 00
21/6/92 b 127.50 | o 25. 50
22/8/92 5 138,50 | 2771
23/8/%2 6 139. 89 | " 27.99
TABLE 23B: INDUSTRY I

DATE OF ( ACE FATLURT hiﬂﬁﬁﬂ STRINGIH
TEST ! (DAVS) LOAD (KN) (r:lm'?) N/rnmz
19/8/92 ( 2 49, 50 4998, 49 9.90
20/8/92 l 3 86, 50 " 17 31
21/8/92 i & 125.00 | * 25. 00
22/8/92 | 5 137.00 [ ™ 27041
23/4/92 j 6 1&0;30 L 28 11
TABLE 23C: IGOUSTRY C

DATE OF | 4GD FATLURD [iu 4itia STRENGTH
TEST f (DAYSY}  LOAD(KN) e B/ mn
/7757 j 2 7. 50 LO0w, 4G 9. 50
277792 ! % 74. 00 f L 1l 8O
3/7/92 b4 12%4 50 " 24 70
L7792 5 130 20 " 26.05
5/7/92 6 1374 50 n 2759
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ABLE 230¢ TNDUSTRY D

DATR OF ACE FATLURE ARLA STRISNGTH
TEST (DAYS) | LCAD {EN) mm2 N/mm2
19/a/92 2 49, 50 LOGR. L9 G. 90
20/a/ar 3 63, 50 " 13, 90
21/8/92 4 1174 20 " 23,45
oy 5 10%. 20 " ol 77
23/8/92 6 1%6. G0 " 2739
iﬂﬁLE 2%5: INDUSTRY E

DATLS OF AGE "AILURS: AREA STRIMNGTH
TEST (0:x2) | rosn iy | M i
29/4 /92 2 58.C0 LOGG. 49 11. 6C
#0/4 /92 % S8 B0 " 1771
1/5/92 4 98, 70 I 19 75
2/5/92 5 1284 50 " 25. 71
2/5/92 & 1%% 50 "

2791
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3¢5 DRYING SERINKAGE

Drying shrinkage was deleruincd in accordance with
BS 2028, Clause 17, After curing and testing the dry
development strengths for 28 ¢+ days, the sanderete blocks
were prepared fer the drying shrinkase tests by means of
strain tips (small aluminium pellets) glued to the surface
of the blocks approximsately 20cm apart and immersed in
water for 24 hours and removed with the resulting expansion
measurced and noted by means of a strain gauge. Thereafter,
they are oven dried for 2 days (45 hours) with the measure=-
ments taken c¢gaine The difference between the two readings
expressed as a percentage over the original measurement

gives a measure of the dry shrinkage.

Four blocks taken at random from the sampled blocks
were used for tinis test and for wetting expansion or

woisture wovement testse.

Values for the arying shrinkape cre as chown in

table 24 boelows
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TARLE 24: DRYING SHRINKAGE VALURS FOR INDUSTRI®S A,B,C,D.E

SHRINKAGE INDUSTRY | INDUSTRY | INDU3TRY INDUSTRY ! INDUSTRY
VALUE % A B C. D E
0. 03 0. 04 0. 07 0. 07 0. 0%
.02 0. 06 0. 05 0. 08 C. 03
0. 04 0. 04 0. 05 0. 06 0. 04
0. 03 0. 04 0. 05 C. 06 0. 03

3o MOISTURE _FOVEMENT/WETTING WXPANSTON

For tlie determinntion of moisture movement or wetting
expansion, after testing the speciwens for Jdrying shrinkage,
the steel balls were coated with lubricating grease and the
specimens immuersed in water for four days. After removing
the specimens from water, the grease was wiped off the
steel balls and the length of each specimen was measured

in a manner similar tc that for the drying shrinkage.

The corrvcted length represents the final wet
'5é£surement. The wetting expansion of each specimen is
calculated as the difference between the dry measurement
and final wet measurement expressed as a percentage of
the lengthe

|
The vatues for the wetting exnansion for Industrics

A, B, €, D and E are presented in table 25 below:



IIL
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AELE 25:

Le

THE VALUT'S FOR THYE WETTING LXPANSION FCR

; INDUSTRIES A, B, C, D, and B
i INDUCTRY INDUSTRY INTUSTRY | INDUTTRY | INDUSTRY
s A B c D D
4 0. 02 0. 03 0u O 0. 03 0. 02

2 0. 02 0. 02 0. 04 0. O 0.02
| = 0. 03 0. 02 0. 05 0. 04 0. 03

=i

B & 0.02 0. 03 0.03 C. Ob 0. 03

0 E‘ :

B s =

¢ @«

= =

0. 02% 0. 025 0. Oh 0. 038 0. 025

Average




conuucted In the previous chapters, it is important to
present the following observations und conclusion on the

nature and quality of the sandcr-te blocks produced in

43

CHAPT ‘R FCUR

DISCUSSICON AlD CONCLUSION

Considering the wethods and procedures of the tests

Kano State.

(2)

(b)

The strenpth of sanderete blocks produced in the
industry (i.e. Kano town) attained after 28 days
is higher than that of any other industry
(0.92 N/mmz) in the dry development stagee
However, this is much lower than the minimum
value of 2.50 N/mm2 as specified by Nigerian
Industrial Standard. The wet development
strength has a meximum value of 0. 59 N/mm2 for
the industry as compared with the minimum of
2+ 50 N/mmz. It is also worth noting that the
strength attzined after 7 days (1 week) is up
to 8V percent of the gtrength developed al ber

28 dayse

The 25 days dry development strengths for
industry A,B,C,D and E are 0.9? N/mme, O.?BN/mmZ,

2
0.55N/mm2, O. 46 N/mm~, and 0.E6 N/mm2 respectively

while the 28 dzys wet develovment strengsths for

5 ) _
the industrics are 0. 59N/mn“, 0.&3N/mm2, "y ’.'m/mme

) 2
O- 30N/mn=_and 0. 50N /muf> respectively.
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(¢) The overall averspe dry development strensth value is
0. 582 N/mm2 and that of the wet development strensth is
C. 39 N/mm2 (i. 2« about 67 percent of the dry develop-
ment strenpgth value).

(d) The quality of saenderste Llocks depend meinly on the
guality and nature of the constitucnt materials viz:-
cement, sand and water/cement ratio respectively.

(e) All the sand particles used by industries A,B,C,D
and E fall within zone¢ 1 of the grading curve of
ES E82.

(£f) 'he strinkage values and moisture movement values

fall within the periphery of desired specification.

CONCLUSICN

From the zbove discussion, the following are the ressons

for the low quzslity of the blocks produced in the state.

(1) Poor mix: the nroducers zre not actually adhering to
a mix of 1 part cement to 6 psrts of sand or 1 part
cueent to 8 ports of sond as is required.

ii) Use of nigher quantity/p.rcentage of coarse sand than
is recuired which leads to drier mixes

iii) Producers in their desire to maximise profit ususlly
inerense the proportion of sand and this consecguently
l~ads to ianferior blocks

iv) The granhs show that about 80% of the strensth of the

blocks is atteined after 7 days of curinge
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RECCEE NDATICN

A workshop should be crzaniscd periodically to
enlighten the produccrs of sundcrete blocks on the
importance of odhering te standard specifications and
strict penaltics should be weted out to erring produccrs

by the Ni_eérizn Industrial Stsndard Crpganisation.
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