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ABSTRACT

A study of the properties of sandcrete hollow block 1s inportant
since they are widely used in the construction industry. An understandi ng
of these properties is essential if blocks are to be used effectively.,
These properties have an inportant bearing on the appropriate application
of the products and on the precautions to be taken to ensure their
satisfactory behavior in service.

In this thesis, attenpt have been nmade to present the current
practices involved in the manufacture of sandcrete hol | ow bl ocks i n Kaduna
State. Various visits to various block industries were nmade and sanpl es
were taken from five industries that are fairly scattered in their
location within the state.

Tests including dry devel opnment strength, wet conpressive strength,
wet devel opnent strength, drying shrinkage, noisture novenent, density
etc. were perforned on the sanpl es.

The work further points out the relationship between the wet
devel opment strengths at various soaking ages and the dry devel opnent
strength at 28 days.

From the results, one observe that the 20 -- days devel opnent
strength of industries AB,CDand E are 0.08N m?®, 1.02N m®2, 0.9N m?,
0.77Nm2 and 0.91N mm2 respectively. The block sanples attained fairly

steady strength fromthe 7th day of curing up till the 28th day.



XVii i
Al so the block sanples attained a critical condition within 24 hours
of immersion prior to testing for wet devel opnment strength. The average
wet conpressive strength of industries A B CD and E are 0.47N m2,
0, 584N m®2, 0.550N m®2, 0.501N nm2 and 0.547N mm2 respectively. Wile the

average density of the block sanples is 994Kg/ mB. These val ues however

do not satisfy the relevant standards.



1.0 | | CHAPTER ONE - o

1.1 INTRODUCTION

A sandcrete hollow blodk can be described as a wall component with
standard dimensions made from a mixture of portland cement, sand and
water,

According to British Standard 2028/25/, a block is a walling Unit
exceading in length, width or height the dimension specified for a brick
and the hetght of the block shall not exceed either it length or six timas
it thickness. The nominal sizes of sandcrete hollow blocks are given as
100mm x 230mm x 460mm, 150mm X 230 x 460mm and 230mm X 230mm X 460mm,
The specified nominal mixes of sandcrete hollow blocks are between one
part by volume of cement to six parts by -volume of sand (1:6) and one part
of cement to eight parts of sand (1:8). While the specified water/cement
ratio is between 0.6 and 0.9, _

| Sandcrete blocks used for masonry structures are of significant
importance that cannot be neglected. Sandcrete block is st{11 one of the
most popular form of walling undt Tor building and construction
industrias. This is dua to the fact that it constitutes a high percentage
of concrete work in building industry.

Sandcrate block is particularly used for hoth Joad bearing and non lead

bearing walls.



Initially several visits were made to most of the block industries

in the state. This is to obtain general information in respect of
materials, sizes, mode of production employed for the production of
sandcrete hollow block 1n the statae. |
The second visit was to collect samples from selected industrias..
The state was divided into Five Zones, and a town is chosen from each
Zone, In each of the town, a well Kknown block jndustry ﬁs chosen for
sample collection. In each industry Fifty (50) samples were collected.
On the whole about 250 block samples were collected from the five
~ industries for various standard tests in the laboratory, _
The standard tests are dry development sirength, wel development
strength, wet compressive strength, density, moisture Movement, drying
Shrinkage etc. ‘ |
Generally the quality of sandcrate ho]?bw blocks produced in Kaduna
State 1s very poor and below the standard requirements.
1.2 LIMITATION ) |
| There 1s no doubt that in undertaking research work such as this
bnature there is bound to be problems in the course of the work Sevaral
visits were made to the various industries for collecting various
information as earlier saild. One however observe during the visits that
the block unit price kept on changing giving rise to high cost of this
project. _
Moreso transportation problem was encounterad, substantial number of
blocks broka in the process of transporting from the industries to the

laboratory. Some of the industries have not got good access road.



During the visits to the industries as mentioned above to collect

information relating to the mode of production, sales etc. some of the

- management of the industries were suspicious and put forward unfriendly

attitude.

Thesa problems were partly solved by paying more for blocks and

making several visits thereby making friends with them.
i_ _



2.0 ~ CHAPTER TWO

2.1 LITERATURE REVIEW

The properties of sandcrete blocks depend to a varying degree on tha
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 properfies of sandcrete
blocks are strength, density, Modulus of elasticity, dimensional changes,
Durability, Efflorescence, Fire resistance and thermal conductivity atﬁ.
/9/. | o |

Currently the standard specification for sandcrete blocks 1n Nigeria
is under preparation by standard organization of Nigaria and may be out
any moment froﬁ nﬁw. Howaver, the British Standard specification/25/ has
baen the reference material used for quite sometimes now. Nevertheless,
several studies have been carried out on sandcrete hollow blocks.
2.2 FORM AND SIZE | _.

British standard 6073:1981 Part 1 definas a block a§ a masonry unit
of a large size 1in all dimensions than specified for bricks but no
dimension should exceed 650mm nor should the height exceed either its
length or six times its thickness/i8/. !
InBritish standard 2028/25/, concrete blocks are divided into three types:

Type A Dense aggregate concrete blocks

Type B Lightwaeight aggregate concrete hlocks

Type A and B are both suitable for load bearing walls and can be used'for
rendered external wa11s, all intarnal walls and partitions, panelling in

4



framed builidings.

Type C Lightweight aggregate concréte %or non load bearing walls. Type C
blocks are used for internal work only, for partitions and panelling to
framed buildings.

There are three formé of sandcrete block; solid, cellular, and
Hollow. Within each type, a variety of products are avallable thus
providing many different uses to block work construction both in style and
function. A solid block has ne formed holes or cavities, whila cellular
and hollow blocks have one or more formed hole_s or cavities which in
hollow blocks pass right through them/18/.

concrete blocks are available 1n a wide range of sizes. Jackson /9/

gives the following work sizes as shown in Table 1.

- TABLE 1: TYPICAL WORK SIZES QF CONCRETE BLOCKS

é face
5 Thickness, mm
Length, Height,
390 190
40 140
a0 190
ERT 215
a0 290 60,75,90, 100
é 590 140 140, 190,200,215

g 690 180



590 215

* To obtain co-ordinating sizes, add 10 mm for mortar joint to the
length and height dimensions but not to the thickness.

Also British Standard 2028 (table 1) /25/ specifies dimensions of blocks
as shown in table 2

TABLE 2: DIMENSIONS OF HOLLOW SANDCRETE BLOCK

1 2 3 4

Length x Height

Block Co-ordinating Work Thickness
Type size size (Work size)
mim mm mm
400 x 100 390 x 90 75,80, 100
400 x 200 390 x 190 140, and 190
Type A
450 x 225 440 x 215 75, 90, 100

140, 190 and 215

400 x 100 390 x 90 75, 90, 100
400 x 200 390 x 100 140 and 190
Type B 450 x 200 440 x 190 75, 90, 100
450 x 225 440 x 215 140, 190
450 x 300 440 x 290 “and 215
600 x 200 590 x 190
600 x 225 590 x 2156
Type € 400 x 200 390 x 190
450 x 200 440 x 190 60 and 75
450 x 225 440 x 215
450 x 300 440 x 290
600 x 200 590 x 190
600 x 225 590 x 2156

One of the characteristics of blocks is thnt their shape is one of

their intrinsic propartias.



2.3  COMPRESSIVE STRENGTH

The compressive strength of a sandcrete block depends on variables
that affect it during production. These include the amount of cement,
fine agrregate, water, degree of compaction, the curing conditions, age of
the cement and the type of weather.

According to Florek/2/. who tested sandcrete hollow blocks in
Bauchi, Kaduna, Mubi, Saminaka, and Zaria all in Northern Nigeria, the
quality of these products are below expectation, The tests were carried
out between 1978 and 1984, 1In his /2/ work, he came out with the average
compressive strength for the following sizes of blocks as shown in table

3.

TABLE 3: AVERAGE COMPRESSIVE STRENGTH FOR VARIOUS SIZES OF BLOCKS

SIZES OF BLOCKS AVERAGE STR-  STANDARD COEFFICIENT
(MM) ENGTH (N/MM2) DEVIATION(N/MM2) VARIATION (%)
100 x 230 x 460 1.64 0.399 24.3

150 x 230 x 460 3.88 2.471 49.3

230 x 230 x 460 2.43 1.872 7.4

Florek /2/ concluded that the quality of these products was very
poor and below the standard requirements. He /2/ therefore recommended
that Llhe relevant standard taking into account Nigeria materials and
equipment should be elaborated as soon as possible and quality tests of
blocks are to be obligatory for all manufacturers. The tests should be

carried out by authorized building materials testing laboratories.



_However, it should be noted that the manufacturers brought the blocks td
the Civil Engineering Laboretory for testing in order to obtain a test
certificate. As such, there was evary likealihood that the manufacturers
must have prepared what 1is called speclal mixes. These special mixes are
.rich mixes produced by the manufacturer in order to obtain a good test
certificate. To overcome the above shortfall, one has to buy the blocks
as a customer who was going to use 1t for construction and taken necessary
precaution as required by the standard. . . ' I

Adepegba/1/observes that the strength of cement—stablishea 1ater1t§
and cement - stabilized sanﬁ increases with increasing cement content. At
high cement content i.e. 9% cement content the granules of cement -
stabilized sand behaves elastically whereas granules of cement stabilized
laterite do not show elasticity/1/.

According to him /1/ the compressive as well as the tensile strength
of latercrete are higher than those of sandcrete for cement content lower
than 22% thereafter the strengths of sandcrete are higher.

He /1/ also observes. that the most economic range of the use of
these stabilized soil 11es between 0 - 10 percent cement content, Above
21 percent cement content, latecrete lag behind sandcrete and at about é?
percent the strength of sandcrete doubles that of latecrete. _

Also studies have been carried out inta the strength .of otlhnar
walling uhits. Ejeh /6/ made studies on compressive strength of soilcrets
hollow. blocks. Some of his /6/ findings are stated balow: :
(a) The soilcrete hollow blocks will fully develop 1ts dry compressive

strength after curing by spraying with water and covering with

cellophane materials for about a week.



{b) The soilcrete hollow blocks have a ratio of average wet compressivé

strength to dry of 0.65,

(c) The soilcrete hollow blocks have a minimum wet compressive strength
to dry compressive strength ratio of 0.42.

(d) For the purpose of Laboratory tests, the immersion period of 24
hours in water prior to testing for the wet compressive strength
should be adopted for the sollcrete hollow blocks.

(a) Soft boards should be adopted as the contact Tlayer for the
compressiva strength test fur soilcrete hollow blocks, this 1s due
to the fact that it gave higher compressive strength than the rest
packing materials. _
He /6/ also recommends that the compressive strength in relation to

the compaction prassure should be investigated.

According to Graf/8/, the strength of concrete blocks if i1t 1s
stored in water may be only 0.74 to 0.9 times the strength of air-dried
blocks.

ANON/A/ observes that most concrete blocks are about 15 perceﬁt
stronger when dry than when wet,

Nigerian Industrial Standard 74:1976/24/ specifies that the
compressive strength of bricks of ordinary quality shall pot be less than
2.6N/mm2.

Compressive strength is calculated as crushing load divided by the
gross area/9/. The British Standard specification/25/ gives the average
compressive strength of typa A blo;:ks as 3.5N/mm?2 while tha lowest

individual block as 2.8N/mm2. which is about 80% of the average strength,



ﬁowavar. the Federal Ministry of Works during the Annual Conference in
Kano (1979)/2/ 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 average
compressive strength of 3 blocks should not be less than 2.1N/mm2 while
lowest compressive strength of individual block is not less than 1.7N/mm2.

The Nigerian 1industrial standard . (Draft) /267 gives the

following values as shown below in table 4.

TABLE 4 :  COMPRESSIVE STRENGTH OF SANDCRETE BLOCKS

TYPES OF BLOCK STRENGTH TEST ON AVERAGE OF 10 BLOCKS
A - Load bearing 3.45 N/mm2

B - Non load bearing 2.76n/mm2

The corresponding strength of the weakest individual block in the
test sample must not be Tess than BO percent of the average value.

The range of strengths specified in B.S. 6073: part 2/18/ s 2.8 to
3.5 N/mm2, while the most commonly used blocks fall within a strength band
of 3.5 to 1ON/mm2. This strength is specified as minimum average value of

ten blocks of which no single value should fall below 80 percent of the

permitted average value,

According to Frank /7/, of all the test the dry and wet development
strength tests are the most important. To the architect and the eventual
user of the house where the blocks are used, the other tests, though good

for what they stand for in quaiity control aspects, are not as vital as

the strength tests.

10



the sbiangth of cancrela ol a glven age and cured at a prescribed
temparature f&  assumed Lo depend primacily on two  Tactors: Lhe
waker/eomenl ralio and Lhe degree of compaclion.

Accuordihg to DUll Abrams in (1219), when concrate s fully compaclad
iLn slrengih s taken Lo Le invers=ely proportional to the waler/cement
ralio/12/_  Abrans found shrength Lo be equal to Foc = KI/K2? W/c

Wher o W/e represenls Lhe walel Zcemenl ablio am! Kf oand K2 are
mmpirical constanls. Faral/12/ {n 1896 FormuTated a general rule Lo
cialrwlale strenglh of concrete: Tec = K [ ¢/(ck w + a)}? whera Fe is the
strenglh of concrole, c,w and a are the absolute volumes of cement, waler
and atr respecl lvely, and I fs a gonsbanti,

The relation between strenglh and waler/cement ratlo of concrete fs

shown i Figura I,

Vibration
Hund Campaclion
- -
2 f
ai J
5 i .
o Fully Compacted
& Il / concrale
f1N |
St ,’\_ Insufficiently
£ 1 /™~ Compacied concrete
d
water/Cement flatio ———
G 0 TIE. RELATION BETWCEN SYRENGIH AND WATCR/CEMENT RATIOQ OF
CONCRETE

According to Neville /127, strength of concrele and concrela
Products is equally influenced by Lhe volume of all voids in concrele.

Corchard /14/ asserts that the lower the demriiy of T{ghtwe ight
conerete bBiocks the lower fs Lhe stremglh., Some 1ightwelght concrates
have a hitgher sbrenglh/waight ralio Lhan others. The slrength and dens ity
dapend on the Lype of fine aggregate, Lhe richness of the mix and Lhe
degree of compaction. A highar strangth/densily callo is obtained wilh
sandctele Mocks IF they are cured by high pressure steam than if Lhey are
cured at. almosplieric pressure. '
The strength of a cuncrete blockwall can depend on:

(a} The verlical load it carries which imparls e compressive stress

1"



which must be relieved before bending can cause any tensile forces.
(b) Flexural strength in a horizontal direction due to the interlocking

bond and the ends of each panel being restrained.

A concrete blockwall may be loaded in direct comprassion or it may

be subjected to bending imposed by wind loads if acting as a panel.
2.4 DENSITY

The object of the compaction of concrete and concrete products is to
eradicate air holes and to achieve maximum density. In order to obtain
maximum density it 1s necessary to use a mix which 18 of adequats
workability to enable the operator to place it 1in position without
difficulty with the equipment he has available/11/.

The density of sandcrete blocks is largely a function of the type of
the fine aggregate, size and grading, degree of compaction and the block
form, | |

In general, for a given set of materials and compaction prassure the
strength of a concrete block will increase with its density. The typicsal
ranga for dry density of sandcrete block is 500 to 2100 kg/m3/9/. The
British Standard Specification/25/ states that the block density of type
A blocks whether solid, hollow or cel]lular, shall ba not 1less tha_m
1500kg/m3. While Type B and C blocks shall be less than 1500kg/m3. |

Florek and Ejeh /3/ obtained an average density of 1880kg/m3 for the
soilcrete hollow blocks (400 x 150 x 150mm) produced by occidental
Construction Company, Zaria. | |

Comparably the density of brick varies between about 1700kg/m3 and

2100kg/m3 depending on the composition of the brick and the manufacturer,

12



In accordance with Appendix B of the British Standard 2028/25/,
density of concrete block is determined as follows:-
(a) The gross volume of each of the three blocks 1s calculated.
(b) The three blocks are weighed to the nearest 0.05kg.
(c) The block density of each block is calculated using the following
formula.
Block density in kg/m3 = Weigh
Gross volume

(d) The mean block density of the three blocks is reported to the
nearest 10kg/M3.

2.5  DIMENSIONAL CHANGES

Sandcrete blocks will undergo some dimensional changes owing to
variations in the ambient moisture and temperature conditions.

The drying shrinkage is the reduction in length obtained when a
saturated sample 1s dried under certain conditions and the moisture
movement is the increase in length of the sample when again saturated.

Lightweight concrete blocks are 1iable to high drying shrinkages and
moisture movements but with suitable precautions these can be kept
sufficiently small to prevent 111 effects/14/.

The drying shrinkage and moisture movement depend on the cement and
in particular its fineness, the richness of the mix, the water/cement
ratio and the kind of curing in particular at early ages. The rate at

which movement or shrinkage takes place also depends on the permeability

of the concrete.

13



The British standard specification /25/ specifies that the average

value of the drying shrinkage shall not exceed the values given below in

Table 5.

TABLE 5: DRYING SHRINKAGE
BLOCK TYPE DRYING SHRINKAGE (%)
A ' - 0.04
B ' 0-06
c 0.08

Moreso, the average moisture movement shall not exceed 0.05 percent.

According to the United State Housing and Home Finance Agency,
1ittle trouble is 1ikely to be experienced 1f the shrinkage is less than
0.06.

Building Research station Digest observes that in the temperate Zona
the amount of shrinkage that takes place'yhen ljghtweight concrete dries
is a major factor to consider/19/.

It 1s important not only that blocks should be well made, cured and
adequately dried by the manufacturer, but also that they should be
protected from moisture as much as possible from the tiﬁe they leave the
factory until the complietion of the building; this implies that when
necessary they must be covered during transit, whilst stacked on the site
and during the progress of the building itself. Unless such precautions

are taken the shrinkage will often result in cracking/19/.

14



In one of his work, Ejeh /3/ observed that differences in the height
of soflcrete blocks tested was as a result of some variation in the volume
of mixed materials pourgd into the dial box prior to compaction.

As additional precautions sandcrete blocks should be used in small
areas, expansfon Joints should be provided at intervals and provision for
movement should be made round the extremities when they are used to infill
panels in framed structures /19/. 1If sandcrete blocks become wet after
building into the wall they should be allowed to dry out thoroughly before
plastering or rendering. The sandcrete blocks should not be wet
excessively before the plaster or rendering is applied /19/.

Frank suggested that the storing of blocks before use should be
encouraged since a large proportion of the block expansion from moisture
absorption occur before being put into structure. This will lessen the
degree of expansion in any finished blockwork /7/. He further stated that
there is need then for manufacturers to test the moisture movement of
their blocks and communicate same to buyers, to ensure the best use of
their blocks. Some of the drying shrinkage is irreversible and if the
blocks are kept under cover on the site before use and until built into
the wall the moisture movement can be kept within harmless limits and
shrinkage cracking is not likely to be serious /14/.

Because drying takes place at the surface of concrete, the magnitude
of shrinkage varies considerably with the size and shape of the specimen.

One of the effects of shrinkage in structures is largely related to
cracking. The pressure or absence of cracking depends not only on the
potential contraction but also on the extensibility of concrete, its

strength and its degree of restraint /10/.

15



The ratio of the increase in weight to the weight of the dry sample,
expressed as a percentage, is termed absorption.

Nigerian industrial standard 74:1976 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 /24/. 1In a
production factory, Lhe determination of water absorption is used for
quality control, because it is much simpler and less time consuming than
the measurement of porosity /7/. Frank observed that for most ceramics
the apparent porosity is approximalely twice the figure obtained for water
absorption /7/.

This statement was made as a result of the tests carried out and
presented in tables 6 and 7 below.

TABLE 6: SAMPLE RESULTS OF APPARENT POROSITY, WATER ABSORPTION

EST SAMPLES
i
SAMPLE APPARENT WATER BULK
NO. POROSITY X  ABSORPTION % DENSITY %
y 35.37 20.26 2.70
2. 36.36 21.09 2.T1
3. 36.04 20.95 2.70
4. 34.08 19.34 2.68
5. 34.45 19.55 2.69

16



TABLE 7: 24 — HOURS SOAKING TEST AND 5-HOURS BOILING TEST RESULTS

FOR WATER ABSORPTION FROM THE SAME TEST SAMPLES

SAMPLE CODE % WATER ABSORPTION- % WATER ABSORPTION
NUMBER 24 HRS SOAKING TEST 5 HOURS BOILING TEST
1 17.99 21.44

2 17.39 19.71

3 17.44 20.02

4 17.38 19.60

5 - 17.34 20.03

8 17.12  19.67

7 17.18 19.72

8 11,44 19.93

9 - 16.86 ' 19.07

10 16.99 19.02

2.6 FIRE RESISTANCE AND THERMAL CONDUCTIVITY

Concrete blocks have good fire resistance propefties. However,
their actual fire endurance may be controlled by the type and grading of
fine aggregate and the cement content int he mix, weight and thickness of
the block. Concrete blocks of 100mm thickness can provide an adequate
resistance of fire for up to 2 hours if Toadbearing or up to 4 hours 1if
non loadbearing. /9/. This 1s duas to tha fact that the load bearing
blockwall ts subjected to extra stress as a result of tha imposed Toad.

As such the fire resistance is lasser than the non loadbearing blockwall.

17



The thermal conductivity of a concrete block is largely dependent on
its block density. Thus, in general, sandcrete blocks have relatively Tow
thermal conductivity.

2.7  EFFLORESCENCE

Efflorescence of the type found in bricks is rarely occur with
concrete blocks. Brickwork sometimes develops an efflorescence of white
salts brought to the surface by water and deposited by evaporation. These
salts may have an external origin (for example in soil water in contact
with the brickwork) or may be derive from the mortar. However the salts
frequently originate in the bricks themselves.

The efflorescence that occurs in concrete blocks is that which
usually result into the formation of sodium, potassium or calcium
carbonates. This is formed from the reaction that occurs between any of
the Hydroxide and free carbondioxide. It occurrence can be further
reduced by using a pozzolana in the mix, avoiding premature drying
shrinkage and unsuitable curing of blocks. It also involve proper design,
construction and maintenance of h]uckworkf In some cases, however, these
salts may form sulphate which can cause deterioration of the block /9/.

Nigerian Industrial Standard 74: 1976/24/ states that the rate of
efflorescence shall not be worse than “moderate” i.e. when the area
covered by the salt deposit is greater than 10% and less than 50% of the
area of the brick surface but unaccompanied by powdering or flaking of the
surface.

2.8  SOUND INSULATION

Unrendered 1lightweight concrete blocks are often used for internal

walls because they are believed to have good sound absorbing qualities.
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Lightweight concrete blocks do not however reduce sound transmission and
in general the heavier the block the greater is its ability to reduce the

transmission of sound /14/.

2.9. CUTTING, NATLING AND REMDERING

All lightweight concrete blocks can be easily cut with normal
bricklayer’s tools. Chases for pipes runs e.t.c can also easily ba formed
and they will accept and hold nails quite readily. A1l lightweight
concrete blocks provide a very good key for rendering and piastering /14/.
2.10 SAMPLING

Before tests are carried out proper sampling must be done so as to
have a good representative of the entire blocks. The sampling can be
classified either by random sampling or stratified sampling. The British
Standard Specification/25/ givaes the number of blocks necessary for each
tests in tabie 8 shown below: |

TABLE 8: NUMBER OF BLOCKS NECESSARY FOR EACH TEST

PURPQOSE FOR WHICH REQUIRED NO OF BLOCKS

NECESSARY

TYPE A/B TYPE C

(a) Checking and Measurement of

‘ dimension _ 10 10
(b) Determination of density 3 3
(c) Determination of strength 10 B
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(d) Determination of drying shrinkage

and/or moisture movement 4 4
(e) Spares | . 3 3
(f) Total required for full set of test 20 15

2.11 MATERIALS

There are specification governing the selection of constituent
materials utilized to produce sandcrete blocks and manufacturers should
strictly adhere to them if the strength of the sandcrete blocks is to be
attained. ‘

The binding agent (i.e. cement) 5ha11 comply with B.S. 12 or NIS
11:1974/23/. For ordinary portland cement.

They shall be delivered 1in the original sealed bags of the
manufacturer and stored 1n a proper manner to avoid QBterioration.

According to Nigerian Industrial Standard 11: 1979/23/, the
ordinary portland cement shall have an average specific surface of not
less than 2500 cm2/g/19/. The standard further specifies the initial
setting time of the cement of not less than 45 minutes. While the final
setting time should not be more than 10 hours. Ordinary Portland cement
shal]l have an expansion of less than 10mm when tested for soundness.

Sinca at least threes - quarter of the volume of sandcrete block is
occupied by fine aggregate, it is not surprising that its quality is of
considerable 1mportance. Not anly may the aggregate 1imit the strength of
sandcrete block, as poor quality fine aggregate canpot produce strong
sahdcrete blocks. Also tha properties of fine aggregate greatly affect

the durability and structural performence of sandcrete block.
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The fine aggregate (sand) shall be clean and free from deleterious
matter and shall mainly pass through 4.76mm of B.S. test sieve. In the
1958 publication of the Building Research station Digest No. 227201/, it
was observed that sand should not contain very fine particles such as silt
and clay, which will produce a concrete that requires a high water
content., or chémica] impurities which may affect the setting and hardening.
of the blocks.

When clay or silt exists as a coating to the sand partigles 1t is
11kaly to result in poor bond between the particles and the cement, and
also in weaker and less durable concrete /20/. The British Standard 882:
1954/17/ spacifies that the sil1t content int he sand for any concrete work
should not be greater than 6 percent.

According to the 1961 Annual Report of the West African Building
Research Institute /27/, it 1s recognized that West african Sands,
particutarly sea 'sand containing salt do not conform to the grading
raquirements. They lead to lower compressive strength of blocks.

Seashore sand containing chlorides may cause efflorescence and are
liable to cause corrasion of reinforcement if the concrete is porous anl
becomes damp. But washing of the sea shore sand should Targely wvueiwone
this difficutty /14/.

Fine aggregate exposed to rain collects a considerable amount of

moisture on the surface of the particles.
Except at Lhe surface of the stockpile the fine agyregale keeps this

moisture aver long periods. The moisture must be allowed for in the

calculation of batch quantities /12/.
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According to Neville /12/, the moisture content of fine aggregate
changes wilh weather. This also changes from one part of a stockpile to
ancther. As such the value of the moisture content has to be determined
frequently. This is to enable users to determine the exact amount of
water guantity to be added to the sandcrete block.

The presence of moisture in fine aggregate necessitates correction
of the actual mix proportions: the weighl of water added to the mix has
to ba decreased by the weight of the free moisture in the aggregates, and
the weight of the aggregate must be increased by the same amount.

The water shall be clean, fit for drinking and fresh, and free from
organic matter. The mixing water should conform with B.5. 3148: 1959.

Rosacometta /15/ specifies that Lhe agygregate and cement mixture
should have a censistency similar to the one of s1i1ghtly moist earth. It
/18/ further advised that the fundamental rule of using little water 1in
the mix and a lot in the curing must be always kept in mind, because it is
the most important secret for obtalning particularly resistant bTocks.;

Rosacometla /15/ gives the following proportion of cement and

aggregates for sandcrete blocks as shown in table 9.
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TABLE 9: PROPORTION_OF CEMENT & AGGREGATES FOR_SANDCRETE BLOCKS

TYPES OF STRUCTY™”L E{EMENTS

For specially For floor

finished blocks or
alements partition
to be left blocks with
in view and anticipated

not plastered plastering

over
Normal sand free from dusts,
Lime or clay (0-2mm} Litres 1200 200
Quarry or River Gravel)
-or dust free Y3-5mm  Litres - 800
Crushed stone J6-10"  Litres - ' z200
Ordinary Portland cement Litres 140-175 119~-123
Water Free from impurities Litres 80-100 60-70
Ratioc of cement and sand 1:6-1:9 1:10Q
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Water/cement. Ralio D.4-0.7 0.4~0.6
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2.12 MODE Of PRODUCTION

The Production of sandcrete blocks may be carried out manually or
mechanically. Rosacometta /15/ asserted that the nature of the mix
congiderably affects the vibration time required for a good filling of the
mould and very fine aggregates reguire a rather long vibration time. The
cement amvl agyregale used in the manufacture of the blocks shall be
thoroughly blended during Lhe mixing. The mix used for blocks shall not
ve richer than ovne part by volume of cement to six parts of combined fine
and coarse agyregate, except that the proportions of cement to mixed
agyreyales may be increased to 1:4.5 where Lhe thickness of the web of the
block is 25mm or less /25/. HWhere unormal strength is required, mixes
ranging from one part by volume of cemenl to six-eight parts of sand (1:6-
8) with a water/cement ratio ranging from ¢.6 - 0.9 depending upon the
workability and the strength required.

The manufacturing process of sandcrate block 1nvolves compaction of
Lhe neuly mixed constituent materials (basically binder, water and fine
aggregate) in a mould followed immediately by extrusion of the pressed
block so that the mould can be used repeatedly. The blocks are then
released directly onto pallets which are hand lvaded. The finished blocks

are required to be self supporting and able to withstand any movement and

vibration from the momant they are extruded.

This account therefore for the reason why the mix is always drier

than the normal concrete work /¢/.
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The curing of blocks as important as the use of & good mix. The
blocks should be placed under a shed for the first 24 hours so as to
protect blocks from the direct rays of sun, heavy rains and wind. The
blocks should be under shed for the next 7 days. During this phase, rows
of stacked up blocks should always be accurately sprinkled /15/. The
method of stacking should allow reasonable circulation of air around the
blocks.

The compression machine used for the compressive tests has a
capacity ol 250 Tons (250,000kg). |

It was ubserved generally that the various industries visited use
Lthe same type of block making machine called VIBROBLOCK ROSACOMETTA which
is made in Italy. The operation oft he machine is semi-automatic through
unidirectional vibration and simultaneous compression.

According to Rosacometta /157, all moving parts have to be cleaned
daily so as to avoid the mixture of cement anq sand from adhering on any
part of the machine. This fis to maintﬁin the smooth running of the
machipe. It further states that tension and condition of the motor V-
beits” and the oil Tevel in the vibrator box should be checked regularly.
Also the springs of vibrating plate, moulding box and Tocking devices
should be checked regularly to ensure efficiency. The_various parts of
the block making machine are described below:

1} VIBRATING MOULD BOX for forming the concrete blocké {intar-
chargeable)

2) VIBRATING PLATE bearing on four springs installed on the base
3) Partial hoppar with smoothing device (removable)

4) PRESSING STRIPPER BEARING FRAME on inter-changeable slides
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(with handle for hand operation)

5) PRESSING STRIPPER (Interchangeable)

8) PRIVING LEVER for compressing system (automatic return)

1) SLIDING GUIDES of Lhe pressing stripper (with adjustable
stops)

8) HAND LEVER for upward and downward motion of the mould box
9) | BRACKETS on vibrating plate for centering and Tixing the

pallet

10}

11)

WOODEN BEARING PALLET of only one type for a)l production

VIBRATOR with counter rotating eccentrics (vertical

unidirectional vibralion)

12)

PRESSING STRIPPER LOCKING DEVICES granting the exact height of

the blocks and making the stripping operation easier

13)
14)

ELECTRIC MOTOR for vibration (21iP-2poles)

BEARING PLAT for same (working as belt-stretcher through tle

rod and bolt)

15)

TERMINAL BOX fFor connhection to electric power net and to earth

cannection

16) CURRENT BREAKER fTor Lhe unidirectfonal vibration
17) SPRING CUSHION
18) OIl. LEVEL PLUG.

The detailed diagrams of the block making machine are shown tn the

Appendicas 24, 25 and 26.

2.13 APPLICATION

Individual blocks when bonded together with mortar are referred to

collectively as bilockwork or alternatively block masonry. Masonry
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construclion Loday is used principally for non loadbearing and loadbearing
walls, exlernally and internally. All blocks and bricks have broadly
similar uses allhough their properties differ in some important respects
depending on Lthe raw materials used and the method of manufacture,

According Lo Building Research Stalion Digest 652:1953 /197,
advantages that results from Lhe use of sandcrete blocks include an
increased rate of building labour. 1In addition, sandcrete blocks have
good insulating properties against transfer of heat.

2.14  SITE SURVEY

The survey covers the entire Kaduna State. The state is divided
into five Zones and a town is randomly selected from each of the zone.

The towns are Birnin-Gwari in Lhe west, zaria in the north, Kagoro
in the south, Saminaka in the east and Kaduna in Lhe center. A well known
block making industry was chosen from each f the town.

Initially several visits were made to the various block making
industries in Lhe Stale. The preliﬁinary visits was Lo collect
information in respect of the mode of pfuduotion, sizes, cost, materials,
calibre of workers e.t.c. employed by the industries.

The final visits were made to the chosen industries in which block
samples were collecled for the various tests. The map of Kaduna State

shown below indicates the selected Lowns.




INDUSTRY A — ZARIA
INDUSTRY B - KADUNA
INDUSTRY C - BIRNIN-GWARI
INDUSTRY D — SAMINAKA
INDUSTRY E — KAGOROD

Fifty (50) block sampies were randomly collected from each of the chosen
industry. In the whole, Two hundved and fifty (250) block samples were
collected from the five industries,

Block making industries have been in existence for qufte soma time
now in Kaduna State. 1In Lhe past, production of blocks had been carried
out using the simplest formwork with hand batching and compaction.
Nowadays majorily of the block making ind'i:striles use the semi-industrial
methods. The operation of the machine 1is semi-automatic through
unidirectional vibration and simultaneous compression.

There is no doubt that problems were encountered int he course of
undertaking Lhe site survey. Some of the block making industries were
suspicious and uncooperative, however, others were friendly.

It was observed in all the industries visited that the manufacturers
use two types of sand. These are soft sand and sharp sand mixed together
in different proportions. From the discussion had with the manufacturers,
the soft sand is sald to provide extra bonding properties for the

sandurete blocks. Also the soft sand is said to be very smooth, plastic
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and it 1s much easier to spread Lhan he sharp sand.
Hence the justification for the use of soft sand in the production

of sandcrete blocks int he state. From observation, the sand used by the

various industries contained deleterious matters such as leaves, root of

tree e.t.c It is equally important to note that crushed gravel is used as
fine aggregate in some industries for the production of sandcrete blocks.
The production 1s however on speclal demand.

From the various sites survey carried out within the state, it was
noted that the industries used ordinary Portland cement for the production
of sandcrete blocks. The common brand used are Sokoto, Ashaka and
Elephant cements. These cements Qere sold at different'prices.

While the Elephant brand were sold at N100 per 50kg. bag, the Ashaka
brand were sold at N90. Whereas the Sokoto cement cost N85. The mode of
storing cements in virtually all the industries visited was found wanting.
This is because the cements were stored on bare floor in a stora.

Generally it was observed in all the industries visited that water
used in the production of sandcrete hollow b]ogks ts direct from the tap.
The water 1s however stored in an open tank which gets contaminated with
time. Most of the industries have water tankers to collect water in event
of watar shortage.

As earlier stated the most common type of block making machine used
in the state is called vibrobloc Rosacometta. This block making machine
1s mada in Italy.

On survay it was observed that the 230mm x 230mm x 460mm type of
btock was found to be commonly used in the state. This is due to the fact

that 1t is generally used in bui1d1ng including the use below the ground
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level damp-proof course and are intended for load bearing walls up to two
storeys wilhoul columns. Other Lypes of blocks produced 1n the state are
150mm x 230mm x AG60mm and 100mm x 230mm x AG60mm.

The mode of batching empToyed by all the industries in the stale fs
by volume measurement. The sand is measured out by using wheel barrow.
The mixinyg of cement and sand is carried out manually.

It was observed that the blocks are placed in the open air
immediately after production, These blocks are subjected Lo severe
sunshine, heavy rainfall and wind.

It s the believe of the manufacturers that the blocks should be
allowed Lo harden (dry) rapidiy under Lhe sun especially at Lhe early
slbage of production. The blocks are then sprinkled with water once daily
fqr a period of 2 to 3 days before being sold out.

The calibre of people warking in the block making industries include
the Foreman, operator, mixer, driver, "store man, security man and
unskilled labour.

The chusen industries are designated as A,B,C,D and E. This does
nol. however denote (represent) the order of quality of the blocks produced
by the industries. 1t is purely for identification purpose.

Industry A represents a block making industry located in Zaria Lown.
The industry has been in existence since 12 years ago and it has been
consistently producing sandcrete hollow blocks ever since.

The types of blocks produced are 150 x 230 x 460 (mm) and 23 x 230
x 460 (mm) which are commonly referred to as 6" and 9" respectively. The

industry used ordinary portliand cement and the brand commonly used are the
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Sokulo, ashaka and Elephant cemenls, These cements are normally kepl on
a bare floor in a store.

The source of water supply is from the tap {(pipe borne water) and
stored in an open tank which gets contaminated with time. The method of
batching used in the industry 1is by volume and the cement/sand ratic
employed is a bag ol 50kg of cement {0 five wheel barrow of sand. The
proportion of the sand is Lwo part of soft sand to three part of sharp san
(2:3). The cement/sand ratio was measured and found to be one part of
cement to ten part of sand (1:10) with a water/cement ratio of 0.8. The
industry has no concrete mixer, as such constituent materials are normally
mixed manually. _

On the average, the industry produces 25 blocks (230 x 230 x 460mm
type) from 50kg bay of cement. Lhe production per day is about 1300
blocks, however, the production is subjeci to ﬁemand.

According to the manufacturer, the blocks are normally cured by
sprinkiing water on them once dailly for two days afler which Lhey are
stacked. The Lype of machine used for the production of the blocks is
called Vibrobloc Rosacometta. The machine was bought five years ago.

It was gathered Trom the discussion had with the manufTacturer that
there are 1% workers in the services of the industry. The calibre of

vworkers include one foreman, one operator, four mixers, 2 drivers, 1

sacurity man and six unskilled labour.
The induslry sells it block at the rate of N5 while the cost of

transportiing each block per kilumeter is 4 kobo.
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INDUSTRY B

Industry B denotes a block making industry localed in Kaduna town.
Kaduna is about 65km from Zaria and Tifty block samples were randomly
collected for various Lesls.

The blocks were sold al. the rale of N6.20. While the industry
charges 5 kobo for the cost of transporting a block per kilometer.

According to the manufacturer, the industry is ten years old. Three
common types of blocks are produced by the industry, and these are 100 x
230 x A60(mm), 150 x 230 x 460(mm) and 230 x 230 x 460(wmm). This
particular induslry uses the same brand of ordinary portland cement as in
induslLry A.

IL was observed Lhal Lhe induslry uses a 50kg bag of cement Lo one
wheel barrow of soft sand and four wheel barrow of sharp sand. The
cement/sand ralio was measured and calculaled to be one parl of cement Lo
ten part of san (1:10) while water/cement ratio is 0.857.

From one bag (50ky) of cement, the industry produces an average of
23 blocks and produclion per day is about One Thousand and Seven hundred
(1,700) blocks. The method of curing employed by the industry is by
spraying the blocks twice daily for three days. As in the case of
Industry A, Vibrobloc Rosacomelia Lype of block making machine is used and
Lthe machine has being in operation for 4 years.

There are eighteen (18) workers employed by the industry. The
consist of one foreman, one operalor, four mixers, one slore man, Lwo

drivers, one securily man, and eight unskilled labour.
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~ INDUSTRY_ ¢

Industyy G is Tocated in Birni-Gwar{ in the west of Kaduna State and
it 1s about 123km from Kaduna.

The two types of blocks produced by the industry are 150 x 230 x
460(mm} and 230 x 230 x 460(mm). |

A survey carried oul indicates that the brand of ordinary portiland
cement commonly used are Sokoto, Ashaka and Elephant. These cements are
normally kepl on a bare Flpoor in a store.

It was observed that the industry uses a. cement/sand tatio of one
part of cement to ten part of sand (1:10) while the ratio of water/cement
is 0.8.

The sand proportion is lwo patt of soft sand to 3 part of sharp sand
(2:3). The numbor of blocks produced from a bag (50kg) of cement is 24
and the average production per day is about 900 blocks.

It was gathered Trom discussion had‘with the manufacturer that the
blocks are normally cured for two days by spraying once in a day mostly in
the mortning. The industry uses the came make of machine as in the ather
industries mentioned above.

The bLransportation cost of each block is 6 kobo per kilometer while
the block is sold at the rate of N5.50.

INDUSTRY D

Industry D is based in Saminaka. Saminaka is situated in the

eastern zone of Kaduna State and it is about 177km from Zaria.

The Lransportation cost per kilometer is 5 kobo for each blogk

whareas each block cost N5.50,
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The indusiry has been in operation since 1986 and one machine
(Vibrobloc Rosacometta type) has being in use ever since. The machine is
6 years oTd. |

A survey carried out showed that the industry uses SoKoto brand of
ordinary porbLland cement.

It was observed Lhat two types of blocks are commonly produced, and
Lhese are 150 x 230 x 460(mm) and 230 x 230 x 460(mm). The cement/sand
ratio employed by the industry is one part of cement to ten part of sand
(1:10), whereas Lhe water/cement ratio is 0.8. The proportion of the sand
is two part of soft sand Lo three part of sharp sand (2:3).

According to the manufacturer the industry produces an average of
700 blocks per day and From each bag (50kyg) of cement., about 25 blocks are
produced. After casting, Lthe bludl.: are_cured in the open air without any
covering and water is sproyed once daily for a period of two days.

It was observed that there are 10 workers in the services of the
industry. The calibre of workers include one foreman, one operator and
two mixars.

OLhers are one driver, one security man and 4 unskilled tabour.

INDUSTRY E

Industry € s located in Kagoro. Kagoro is situated in the southern
zone of Kaduna State and it is about 250km from Kaduna. According tot he
manufacturer, Lhe industry is 7 years old and has 12 workers. The workers

are one foreman, one operator, three mixers, two drivers, one security man

and Tour unskilled labour.
It was obhserved that ithe Lype of blocks produced by the industry are

150 x 230 x 460(mm) and 230 x 230 x 460(mm). The brand of cement used are
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Sokoto and ashaka. The source of waler in the industry is pipe borne
waler and it 1Is sltored in an uncovered tank which becomes contaminated
wilh Lime.

The cement/sand ratio employed by the industry was found to be one
part of cement to ten part of sand (1:10) while the water/cement ratic is
0.686. Manual method of mixing constituent materials is employed in Lhe
industry.

The industry produces aboul 600 blocks daily with an average of 26
block from each bag (50kg) of cement. The mode of curing and the tLype of
machina used in Lhe industry are the same as in industries A, €, and D.
The blocks are sold at Lhe rate of N5.60 while Lhe cost of transportation

per kilometer is 4 kobo per block.
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3.0 CHAPTER THREE

3.1  EXPERIMENTATION

In chapter two attempts have been made to collect information in
respect of materials, cost and mode of production used by Lhe various
manufacturers in the state. The block samples as earlier stated in the
chapter were collected from five locations within the state.

As earlier stated the localions are Zaria in the north, Kaduna in
the centre, birnin Gwari in the west, Saminaka in the east and Kagore
which is at the south. The jocations are designated as A,B,C,D and E
respectively. This however does not represent the order of the quality of
blocks produced by the various industries. 1In each of the location, a
Iwell known block industry is chosen and fifty (50) block samples were
collected. About 250 block samples were brought to the laboratory for
various tests,

In order to protect the block samples from extreme conditions of
temperature and wind, the block samples were kept under cover in the
laboratory before testing.

The 1lests include dry development strength, wet development
strength, wet compressive strength, moisture movement, drying shrinkage
e.t.c. The tesls are carried oul in accordance with the British and
Nigerian Industrial standards.

In addition to the strength tests, sand samples were also obtained

from the various industries. The sand samples were collected to determine

their classification, silt content and porosity.
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Samples of sand were Losted Lo delermine whether or not their
grading are suilable as Tine agygregate. Comparison of the test results
show Lhal. Lhe sand fall partly wiLthin the Timits of Zone 1 of Lhe British
Standard 882/17/.

The various Lest restiltts are shown below in tables 10, 11, 12, 13 and 14.
TABLE 10:  GIEVE ANALYSIS OF INDUSTRY A

WLIGHT _OF SAND_SAMPLE: 6004

B.S.  WEIGHT WEIGHT % CUMULATIVE CUMULATIVE
SIEVE RETAINED  PASSED  RETAINED PERCENTAGE PERCENTAGE
SIZE (9) (9) %) PASSING(%) RETAINED(%)
10.C0mm 0 6000 0 100 0

5.00mm 495 5635 7.75 92 8

2.36mn 994 AG4 Y 16,57 76 24

1.18mn 1747 2794 29.12 a7 53

GOONm 1950 844 32.50 14 80

300Nm 612 232 10.20 4 96

150H8m 155 17 2.58 1 99

PAN 74 — 1.23 - —

TOTAL = 366

FINENESS MODULUS = 31.66
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TABLE 11: SIEVE ANALYSIS OF INDUSTRY B

WELIGHT OF SAND SAMPLE: _6000g

B.5. WETGHT WEIGHT % CUMULATIVE CUMULATIVE

SIEVE  RETAINED PASSED  RETAINED  PERCENTAGE PERCENTAGE

SIZF (9) )] (%) PASSING %  RETAINED %
10.00mm 0 6000 0 100 0
5.00mm 530 5410 8.83 91 9
2.36nm 790 A680 13.17 8 22
1.18mn 1930 2750 3217 46 54
GOONm 1998 762 - 33.30 13 a7
J00Nm G610 142 10.17 2 a8
150Nm 120 22 2.00 1 99
PAN 20 o 0.33 - o -
TOTAL = 369
FINENESS MODULUS = 3.69
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TABLE 12: SIEVL ANALYSIS OF INDUSTRY €

WEIGHT_OF SAND SAMPLE:  600g

B.5.  WFIGHT WETGHT X CUMULATIVE CUMULATIVE
SIEVE RETAINED PASSED RETAINED PERCENTAGE PERCENTAGE
SIZE: (9) (9) (%) PASSING % RETAINED %
10.00mm 0O 6000 0 100 0
5.00mm 925 5075 15.42 86 15
2.36mm 1220 38556 20.33 64 36
1.8mn 1615 2240 26.92 ar 63
60(Nm 1190 7150 24.83 i2 _ 48
JCG0ONm 565 185 9.42 3 o7
150Nm 120 65 2.00 i " ' 99
PAN . 62 - 1.03 - -
TOTAL = 398
FINENLESS MODULUS = 3.98

iyl sl e o ny gl s e i e e fore e e )
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TABLE 13: SIEVL ANALYSIS OF INDUSTRY D

WEIGHT OfC SAMD SAMPLE: 60004g

B.S5. WEIGHT WEIGHT % CUMULATIVE CUMULATIVE

SIEVE RLTAINED PASSED  RETAINED  PERCENTAGE PERCENTAGE

SI7E {9) (9) 4 PASSING ¥  RETAINED %
10.00mm O 6000 0 100 0
5.00mm 7 5283 11.95 aa 12
2. 36mm 1005 4278 16.75 71 29
1.18mm 1760 2516 29.33 42 | 658
G00Nm 1827 691 30.4%5 12 as
3001m 540 151 9.00 3 o7
15Nm 109 42 1.82 1 99
PAN 38 : - 0.63 - -

TOTAL = 33
FINENESS MODULUS = 3.83

gy ok g e L Pt W et R P W e e et ik el v o e A b Y A P e T T et ke M
gttty =S - =u i =i s et ey il et =oemeiror et e iy
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TABLE 14: SILVE ANALYSIS OF INDUSTRY E

WEIGHT Or SAND GAMPLE: 60004

B.S. WETGHT WEIGHT x CUMULATIVE CUMULATIVE

STEVE  RETAINED PASSED RETAINED PERCENTAGE PERCENTAGE

SI1ZE (9) (9) (%) PASGING % RCTAINED =
10.00mm O 6000 0 160 0
5.00mm 897 5103 14.95 85 15
2.36mm 095 4208 14.92 70 30
1.18mm 1685 2523 28.08 42 58
600Nm 1795 128 29,92 12 a8
J00Nm 542 166 9.03 J ar
150Nm 132 b4 2.20 1 99
PAN 52 - 0.87 = =
TOTAL - 3sT
FINENESS MODULUS = 3.a7

The various particles size distribution curves are shown in chapter four.
3.3 GILT CONTENT

The «ilt contenL of Lhe sand samples as used by the various
industries were also determined. Silt is a material between 0.002mm and

0.06mm. The test was carried out in accordance to the British standard

812: part 1:1975/16/.
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Sand which contains silt in it is seft and smooth when compressed
with hand. 7Thus the term soft sand. Similarly sand which is clean is
coarse when compresscd belveen hand, hence the term sharp. The resultls of
the sill contents for sand Industries A,3,C,0 and E are shown in table 15,

TABLE 15: QRESULT OF SILT CONTENT

INDUSTRRY  SHARP SAND SOFT SAND AVERAGE SILT

A G.25 11.70 .98
B A.55 10. 59 T.57
C 6.25 13.64 9.95
D 0.09 14.61 11.85

E 7.14 15. 14 o114

The various raw data resulls Frém whiich the above table was
extracted is shown in Appendix 22. The standard however recommends 6

percant.

3.1 POROSITY OF SAND

This is the term describing Llhe percenitage of voids (pores) in the

sand. The porosity of the samd samples ware examined and the results are

as shown in table 16.

The test was 1n accordance with the standards procedure /16/.
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TABLE 1€: TOROGITY OF SAND %

INDUSTRY POROSITY OF 3AND
A 36

B | 33

c 30

D | i

E 34

The various raw data resulis f{rom which the above table was
extracted s shown in Appendix 23.
3.5 DRY DEVELOPMENT STRENGTH

The aim ol the dry development strength is to determine when the
strength of the sandcrete block is fully developed. This is to ascertain
when the block is fuliy ready for use.

The block samples having been brought Lo the laboratory were marked
for identification. The strength indicated against each age is an average
strength of three blocks for each industry. The ages of test are 3rd,
Tth, 14th, 21sl and 28th days. For even distribution, the loading is
applied gradually until fallure lovad is obtained. The test resulls are

shown i tables 17, 18, 19, 20 and 21 balow.

13
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TABLE 17: DRY DEVELOPMENT STRENGTIN OF INDUSTRY A

DATE OFF CASTING: 04/02/92

TESTED BETWCEN CELOTEX

S/N  AGE - DATE LENGTH  BRLCADTH  HEIGHT  LOAD STRENGTH
DAYS TESTED MM MM MM KN N/MM2

1 3 7/2/92 ABO 230 219 52.67 0.50

2 7 11/2/92 460 230 219 62.17 1.59

3 11 18/2/92 459 230 219 69.82 0.66

1 21 25/2/92 460 230 220 83.17 0.79

5 28 373792 460 231 220 85.00 0.80

TABLE 18: DRY DEVELOPMENT STRENGT)) OF INDUSTRY B

DATE OF CASTING: 04/02/92

TCSTED BETWEEN CLLOTEX

S/N  AGE DATE LENGTH  BREADTH HEIGHT  LOAD STRENGTH

DAYS  TESTED MM MM MM KN N/MM2
1 ! T/2/92 460 230 219 G8.83 0.65
2 7 11/2/92 458 230 220 88.00 0.84
3 14 18/2/792 AL9 230 219 104.83 0,99
4 21 2572792 460 229 219 111.67 1.06
5 28 3/3/92 459 | 230 218 108.00 1.02
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TABLE 19: ORY _DCVELOPMENT STRENGTH OF INDUSTRY C

DATE OF CASTING: 04/02/92

TESTED BETWELN CCLOTEX

S/N  AGE DATE LENGTH BREADTH HEIGHT LOAD  STRENGTH
DAYS TESTED MM MM MM KN N/MM2

1 3 7/2/92 46D 230 218 72.00 0.68

2 7 11/2/92 460 230 217 81.67 0.77

3 14 18/2/92 460 230 220 82.00 0.78

4 21 25/2/92 461 231 218 90.83 0.86

5 28 3/3/92 450 230 . 219 102.07 0.97

TABLE 20: DRY_DEVELOPMENT STRENGTH QF INDUSTRY D

DATE OF CASTING: 04/03/92 “

TESTED BETWEEN CELOTEX

S/N  AGE DATE LENGTH BREADTH  HEIGHT LOAD  STRENGTH
DAYS  TESTED MM MM MM KN N/MM2

1 3 7/3/92 460 230 220 60.17 0.59

2 7 11/3/92 461 231 219 65.17 0.61

3 14 18/3/92 460 230 220 86.00 0.81

4 21 25/3/92 460 230 218 82.50 0.78

5 28 3/4/92 AGO 230 220 81.67 0.77
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TABLE 21: DRY DEVELOPMENT STRENGTI{ OF INDUSTRY [

DATE OF CASTING:

04/03/92

TESTED BETWEEN CELOTEX

S/N  AGE DATE

DAYS  TESTED

1 1 1/3/92
2 7 11/3/92
3 14 18/3/92
l 21 25/3/92
5 28 3/4/92

LENGTH BREADTH  HEIGHT

LOAD  STRENGTH

TABLE 22: COMBINED DRY DCVELOPMENT STRENGTH

AGC INDUSTRY
B

3 0.50

7 0.569

14 0.66

21 0.66

28 0.80

INDUSTRY

C

0.65
0.84
0.99

0.06

INDUSTRY

D

0.68
0.77
0.78

0.86

MM MM MM KN N.MM2
459 230 220 63.00 0.60
459 230 217 82.50 0.78
460 229 217 97.25 0.92
460 230 219 92.05 0.87
459 230 217 95.62 0.91

INDUSTRY  INDUSTRY

E

0.57 0.60
0.61 0.78
0.81 0.92
0.78 0.87
0.77 0.91

(DAYS)

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

shown in Appendices 1,2,3,4 and 5.
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From the resufts shown above the strength development as weli as the
sLbrenglh are low when compared Lo the slandard.

3.6 WET COMPRESSIVE STRENGTH

The welt compressive strength is to determine the worst condition the
sandcrele block can be subjecled to. The test is carried out after 28
days of age of Lhe block samples.

The block samples previously measured were immersed in waler and
allowed Lo drain under damp sack malterfals before badding on both faces
with morLar. The mortar used was of one part by weight of cement to one
part by weight of sand (f:1).

After bedding, the block samples were then {mmersed {in water.
Mortar cubes were also made out of Lhe mortar mix used for bedding and
were also immersed in water.

when the mortar has attained the required strength, the compressive
strength of each block sample were determined. The block samples were
soaked for four days prior Lo crushing. ,Tha strength indicated against

each age is an average strength of three cubes for each industry.




PLATE 11 - BEDDED BLOCK SAMPLES BEING IMMERSED IN THE CURING TANK.

TABLE 23: MORTAR CUBES STRENGTH OF INDUSTRY A

DATE IMMERSED IN WATER - 06/03/92
AREA OF CUBE ~ (70 x 70 )mm2
S/N DATE AGE OF FAILURE AVERAGE
TESTED CURING (DAYS) LOAD(EN) STHENGTH N/mm2
1 6/3/92 1 117.67 24,01
2 7/3/92 2 126.33 256.78
a B/3/92 3 136.00 27.176
1 9/3/92 4 140.67 28.171
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TABLE 24: MORTAR CUBES STRENGTH OF INDUSTRY B

DATE IMMERSED IN WATER -  05/03/92

AREA OF CUBE = (70 X 70)mm2

S/N DATE AGE OF FAILURE AVERAGE,
TESTED CURING (DAYS)  LOAD (KN) STRENGTH N/mm2

| 6/3/92 1 113.00 23.06

2 T/3/92 2 126.00 26.71

3 8/3/92 3 134.67 27.48

1 9/3/92 1 139.33 28.44

TABLE 25: MORTAR CUBES STRENGTH OF INDUSTRY C

DATE IMMERSED IN WATER -  05/03/92

AREA OF CUBE (70 x 70)mm2

S/N  DATE AGE OF FAILURE AVERAGE
TESTED CURING (DAYS) LOAD (KN) STRENGTH n/MM2

1 b/4/92 1 112.50 22.96

2 7/3792 2 120.73 24 .64

3 B/3/92 3 129.00 26.29

1 9/3/92 4 137.33 28.03
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TABLE 26: MORTAR CUBES STRENGTH OF INDUSTRY D

DATE IMMERSED IN WATER - 04/04/92

AREA OF CUBE - (70 X TO)MM2

5/N DATE AGE OF FAILURE AVERAGE

TESTED CURING (DAYS) LOAD(KN ) STRENGTH N/mm2

1 b/A/92 ] 114.33 23.33

2 6/4/92 2 122.98 26.10

3 T/4/92 3 134.17 27.38

1 B/4/92 1 142,00 28.98

TABLE 27: MORTAR CUBES STRENGTH OF INDUSTRY E

DATE IMMERSED IN WATER = 04/04/92

AREA OF CUBE - {70 X 70)mm2

S/N DATE AGE OF FAILURE AVERAGE

TESTED CURING (DAYS) LOAD (KN) STRENGTH N/mm?2

1 5/4/92 1 105.60 21.563

2 6/4/92 2 120.00 24 .49

3 7/4/92 3 119.83 24.456

1 8/4/92 4 138.00 28.16

The raw data resulbls from which the above Lables were

extracted are shown in Appendices 16,17,18, 19 and 20.



The wet compressive strength Lest results are shown in Tables

28,29,30,31 and 32,

TABLE 28: WET COMPRESSIVE STRENGTH OF INDUSTRY_A

DATE IMMERSED IN WATER: 01/03/92

TESTED: 05/03/92

8/N SAMPLE AGE DATE LENGTH DBREADTH HEIGHT FAILURE STRENGTH

NO (DAYS) MM MM MM LOAD{KN) N/mm2
1 AL/05/03/ZR 4 65/3/92 46l 232 230 50,6 0.473
2 A2/05/03/ZR " " A60 232 228 50 .4 0.472
3 A3/05/03/ZR " " 481 230 231 50.0 0.472
4 A4/05/03/7ZR " " 462 230 228 51.0 0.480
5 A5/05/03/ZR " " 460 231 228 53.0 0.499
6 AG/05/03/ZR " " 460 230 230 52.0 0.491
T A7/05/03/ZR " " 460 230 . 230  49.0 0.463
8 AB/05/03/ZR " " 461 232 230 51.0 0.477
9 A9/05/03/ZR " " 162 231 228 49.0 ¢.459
10 A10/05/03/ZR" " 462 232 228 44.0 0.411
11 A11/05/03/ZR" " 460 231 230 46.0 0.433
12 A12/05/03/ZR " " 461 231 230 56.0 0.616
AVERAGE STRENGTH = 0.4TIN/mm2
STANDARD DEVTATION = 0.0297N/mm2
COEFFICIENT OF VARIATION = 5.732%
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TABLE 20: WET COMPRESSIVE STRENGTI! OF INDUSTRY B

DATE IMMERSED IN WATER: 01/03/92

TESTED: - 05/03/92
S/N  SAMPLE AGE DATE LENGTH BREADTH HEIGHT FATLURE STRENGTH
NO (DAYS) MM MM MM LOAD(KN) N/mm2

—t

B1/05/03/KD 4 5/3/92 460 232 234 64.0 0.600

2 B2/05/03/KD ™ " 461 232 232 64.0 0.598
3 B3/05/03/Kp ° " 161 R 232 65.0 0.610
4 B4/05/03/KD ~ N 462 230 231 5.5 0.522
5 B5/05/03/KD " 461 23? 232 66.5 0.624
6 BGXOSXO3/KD " " 461 23 232 56.5 0.531
7 B7/05/03/KD " | " 460 23 231 G0.0D 0.565
B B3/05/03/KD " " 464 230 232 52.0 0.490
9 B3/05/03/KD " " 461 232 231 59.0 0.552
10 B10/05/03/KD " " 463 232 230 68.0 0.633

i1 B11/05/03/KD " " 460 230 232 §5.0 0.614

12 B12/05/03/KD " ! 462 231 232 70.0 0.656

AVERAGE STRENGTH

0.533N/mm2

STANDARD DEVIATION

1l

0.04TH/mm2

COEFFICIENT OF VARIATION 8.062%
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TABLE 30: WET COMPRESSIVE STRENGTIl O INDUSTRY C

DATEE IMMERSED IN WATER: 01/03/92

TCSTED: 05/03/92

S/N SAMPLE AGE  DATE  LENGTH BREADTH HEIGHT FAILURE STRENGTH

NO. (DAYS) MM MM MM LOADCKN) N/mm2
1 C1/05/03/8G 4 §/3/92 462 231 230 61.0 0.572
2 €2/05/03/BG " 461 232 232 62.0 0.580
3 ©3/05/03/BG - AG1 231 231 66.0 0.620
4 C4/05/03/BG " 460 231 230 60.5 0.569
5 C5/05/03/8G " " 460 230 231  59.0 0.558
6 C6/05/03/BG * v 460 230 230  56.5 0.534
7T C7/05/03/BG " " 461 231 230  64.0 0.601
8 ©8/05/03/BG " “ 460 230 - 232 58.0 0.548
9 ©9/05/03/BG " " 462 231 232 59.5 0.558
10 €10/05/03/BG " . 460 230 230 52.5 0.496
11 €¢11/05/03/8G - 461 231 230 60.0 0.563
12 €12/05/03/BG " " 460 232 230 42.7 0.400

AVERAGE STRENGTH = 0.550N/mm2

STANDARD DEVIATION = 0.052N/mm2

COEFFICIENT OF VARIATION =  9.445%
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TABLE 31: WET COMPRESSIVE STRENGTH CF INDUSTRY D

DATE IMMERSED IN WATLR: 31/03/92

TESTED: 04/04/92
S/N SAMPLE AGE DATE LENGTH BREADTH HEIGHT FAILURE STRENGTH
NO (DAYS) MM MM MM LOAD(KN) N/mm2

1 D1/05/03/SM 4 4/4/92 462 230 230 52.5 0.494
2 D2/05/03/SM ° " 461 231 230 50.0 0.470
3 D3/05/03/SM ° " 461 230 231 52.5 0.495
4 D4/05/03/5M 7 " 460 230 232 64.0 0.605
5 D5/05/03/SM " " 181 231 232 53.5 0.502
6 D6/05/03/8M ° " 460 230 230 55.0 0.520
7 D7/05/03/SM " - 460 230 - 230 50.2 0.474
& D8/05/03/sM " " 460 2N 23 50.1 0.471
8 D8/05/03/0M  ° " 460 232 230 50.3 D.471
10 D10/05/03/8M ~ " 461 230 230 b9.4 0.561
11 D11/05/03/5M | " 4161 230 230 60.5 0.476
12 D12/05/03/8M ° " 460 230 232 50.5 0.477

AVERAGE STRENGTH = 0.501N/mm2

STANDARD DEVIATION = 0.042N/mm2

COEFFICIENT OF VARIATION = 8.383%
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TABLE 32: WET _COMPRESSIVE STRENGTH OF INDUSTRY E
DATE IMMERSED IN WATER: 31/03/92

TESTED: 04/04/92

S/N  SAMPLE AGE  DATE  LENGTH BREADTH HEIGHT FAILURE STRENGTH

NO (DAYS) MM MM MM LOAD(KN) N/mm2

4/4/92 460 2 228 40.5 0.381

1 E1/05/03/KG 4
2 E2/05/03/KG " " 461 230 226  60.15  0.567
3 E3/05/03/KG " " 460 230 228  50.30 0.475
4 EA/05/03/KG * " 462 232 230  60.30 0.563
5 E5/05/03/KG " 460 231 230  55.80 0.525
6 E£6/05/03/KG " " 460 230 230  50.50 0.477
7 ET/05/03/KG * " 461 230 230 64.00 0.604
8 EB/05/03/KG * " 481 230 228  63.50 0.599
9 E9/05/03/kG " 460 230 228  65.50 D0.619
10 E10/05/03/KG ~ " 460 230 230  62.50 0.501
11 E11/05/03/KG " " 460 231 230 64.70 0.609
12 E12/06/03/KG * " 460 230 226  59.00 0.568

AVERAGE STRENGTH = 0.547N/mm2

STANDARD DEVIATION = 0.068N/mm2

COEFFICIENT OF VARIATION =  12.43%
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TABLE 33: COMBINED WET COMPRESSIVE STRENGTH

INDUSTRY A B c D E

AVERAGE STRENGTH N/mm2 0.471  0.583 0.550 0.501 0.547

Lt a1 A B s e b ke kBl PR i s o e s o B LTS LR A ik S L Y A e A e e e A e Bk S W

WET DEVELOPMENT STRENGTH
The wet development strength was determined after 28 days of age.

The blocks were soaked in water ard tested wet at various ages.

The strength value shown at each age is an average of three blocks tested
for strength. |

The test resulte are tabulated below 1n tables 34 Lo 38,

TABLE 34: WET DUCVELOPMENT STRENGTH OF INDUSTRY A

DATE IMMERSLD IN WATER: 4/3/92 -

WITHOUT BLNDING BUT TESTED WITH CELOTEX

S/N  AGE DATE LENGTH BREADTH HEIGHT LOAD  STRENGTH
(DAYS) MM MM MM KN N/mm?
1 1 5/3/92 461 231 221 29.33 0.28
2 3 1/3/92 461 231 220 49.00 0.46
1 7 11/3/92 461 230 221  59.67 0.56
4 14 18/3/92 461 231 221 61.50 0.58
5 21 25/3/92 461 230 221 66.37 0.63
6 28 1/4/92 462 230 221 62.83 0.59
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TABLE 35: WET DCVCLOPMENT STRENGTIE OF INDUSTRY B

DATE. TMMERSED IN WATCR 4/3/92

WITHOUT BLNDING BUT TESTED WITH CELOTEX

S/N  AGE DATE LENGTH  BREADTH  HEIGHT LOAD  STRENGTH
(DAYS) MM MM MM KN N/mm2

1 1 5/3/92 161 220 221 37.33  0.35

z 3 7/3/92 4¢1 231 221 16.66 0.72

3 7 11/3/92 461 230 220 §2.57 0.78 '

4 14 18/3/92 462 232 220 84.00 0.79

5 21 25/3/92 461 2 220 6G7.67  0.64

¢ 28 1/4/92 461 231 221 77.17  0.78

TABLE 36: WET DCVELOPMENT STRENGTH OF INDUSIRY C

DATE IMMERSED IN WATER: 473792

WITHOUT BCMDING BUT TESTED WITH CELOTEX

8/N  AGE DATE LENGTH BREADTH  HEIGHT  LOAD  STRENGTH

(DAYS) MM MM MM KN N/mm2
1 1 B/3/02 A6 230 220 35.33  0.33
2 3 7/3/92 461 231 220 69.67 0.65
3 7 11/3/92 461 230 221 70.00  0.66
A 14 1879792 461 230 220 69.67  0.66
5 21 25/3/92 461 231 291 63.33  0.60

6 23 1/4/92 462 23 221 72.50 0.63



TABLE 37:

DATL IMMCASED IN WATER:

WET _DEVELOPMENT STRENGTH OF INDUSTRY D

3/4/92

WITIIQUT BENDING BUT TESTED WITH CELOTEX

S/N  AGE DAYS  LENGTH BREADTH  HEIGHT LOAD  STRENGTH
{DAYS) MM MM MM KN N/mm2

1 1 AfA792 4B 231 221 35,17 0.33

2 3 6/4/92 460 231 221 62.17 0.53

3 7 10/4/92 461 231 221 69.83 0.66

A 14 17/4/92 A1 231 219 62.67 0.59

5 21 24/4/92 460 231 220 66.67 0.63

G 28 1/5/92 461 231 221 < 70.17  0.66

TABLE 238: WET DEVELOPMENT STRENGTH O INDUSTRY [

DATE IMMERSED IN WATER: 3/4/92

WITHOUT BENDING BUT TESTED WITH CELOTEX

S/N  AGE DATE  LENGTH  BREADTH  HMEIGHT LOAD  STRENGTH

{DAYS) MM MM MN KN N/mm2

1 1 4/4/92 460 230 221 36.83  0.35

2 3 6/4792 460 230 221 65.70 0.62

3 7T 10/4/92 481 231 221 69.27 0.65

4 14 17/4/92 461 231 220  61.67 0.58

5 21 24/4/92 460 231 219  66.80 0.63

& 28 1/5/92 462 230 221  70.00 0.66



TABLE 39: COMBINED WET DEVELOPMENT {N/mm2)

AGE INDUSTRY INDUSTRY INDUSTRY  INDUSTRY INDUSTRY
(DAYS) A B _ ¢ D E

1 0.28 0.35 0.33 0.33 0.35

3 0.46 0.72 0.65 0.53 0.62

7 0.56 0.78 0.66 0.66 0.65

14 0.58 0.79 0.66 0.59 0.58

21 0.63 0.64 0.60 0.63 0.63

20 0.59 0.73 .68 0.66 0.66

The raw data results from which the above tables were axtracted are shown
in Appendices 11,12,13,14 and 15.

3.8 RATIO OF WET TQ DRY DEVELOPMENT STRENGTH

As earlier stated, the wet development strength were obtained by
testing tha blocks wet after 28 days at varjous soaking ages. The dry
development strengths are the compressive strengths at various ages
starting frbm d-days and tested dry up to 28 days.

The ratio of the wet development strengths at various soak{ng ages

to the dry development strength at 28 days are shown below in tabla 40.



TABLE 40: WET DEVELOPMENT STRENGTH TO DRY DEVELOPMENT

STRENGTI! RATIO INM PERCCNTAGES

DAYS OF TNET/TDRY (28) (%)
IMMERSION
AFTER 28 DAYS INDUSTRY INDUSTRY INDUSTRY INDUSTRY INDUSTRY
A B C D E
0 100 100 100 100 100
1 35 34 34 43 38
3 58 71 67 69 68
1 70 76 68 86 71
14 73 77 68 7 64
21 79 63 62 82 69
28 74 12 70 86 73

3.9 DETERMINATION OF DENSITY

The density was determined in accuréance‘with the specification for
precast concrele blocks (B.S. 2028: 1068)/25/.
The result are shown in table A1.

! - oL -

TABLE 11: DETERMINATION OF DENGMTY

IHOVSTRY DENSTTY (Kg/MI)
A 940

B 50

G 1050

[ 100

£ 980

AVERAGE 994



TABLE 41: DETERMINATION O DLNSITY

INDUSTRY DENSITY (Ka/M3)
A ' 940

B 980

C 1050

n 1020

E 980

AVERAGE 994

3.10 ABSORPTION OF WATER

The ratio of the increase in weight Lo the weight of the dry sample,
expressed as a percentage, is termed absorption. The test was carried out
in accordance with the British standard specification/25/.

TABLE 42: WATER ABSORPTION

INDUSTRY  WATER ABSORPTION (%)

A 10. 11
B 10.06
c 5.18
D B8.77
E 13.37
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The raw data results from which the above table was extracted are shown in
Appendix 25.

3.11 DETIRMINATION OF DRYING SHRINKAGE AND _MOISTURE MOVEMENTS

The drying shrinkage and the moisture movement were determined in
accordance wilth Lhe Appendix L[ ol the specification/2%/ for precast
concrete blocks (B.S. 2028). The resulls are shown in Table 43.

TABLE 43: DRYING SHRINKAGE AND MOISTURE MOVEMENT

SAMPLE A B ¢ )] E AVERAGE

DRYING SHRINKAGE % 0.025 0.033 0.031 .033 0.023 0.030

MOISTURE MOVEMENT % 0.072 0.074 0.067 0.092 0,071 0.075
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4.0 CHAPTER FOUR

1.1 ANALYSIS AND DISCUSSION OF RESULTS

The detailed test results are as presenled in chapter three. This
chapter is mainly Lo analyze the data Lo ascertain the quality of
Sandcrete hollow blocks produced in Kaduna State.

The Lest results carried out on the block samples are discussed as
presented below.
4.2 INDUSTRY A

As can be seen from figure 2 and table 15 of chapter three, the

Sandcrete blocks from industry A have generally very low dry development

sLrenglh.
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FIGURE 2: DRY DEVELOPMENT STRENGTH
SAMPLE A
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The vatue of the dry development strength at 28 days is 0.80N/mm2.
Although most codes of practice do not specify the value of the dry
development sirength rather the values of tha wet compressive stréngth is
specified. However, it 1is expected that the dry development strength
should be higher than the wet compressive strength. 1t can be seen that
Lthe dry development strength which is ¢.8N/mm2 is however lower than the
values spacified by the codes for the wet-compressive strength.

The Britain standard/25/ specified an averaye compressive strength
of 3.5N/mm2.

Tt is observed Lhat the block samples attained a steady strangth as
from the 7th day of curing, showing 1ittle strength difference from 7th to
28th days. This implies that the rate of hydration i.e. chemical reaction
between cement and water 1s slower as from the 7th day. It should be
emphasizaed however that hydration s a continuous process diminishing with
age. Thus the continuous strength - increase.

The wet compressive strength is as shown in table 21. The average
wet compressive slrength is 0.471N/mm2, However, +the British
standard/25/specifies the average compressive strength as 3.5N/mm2 while
the Jowest dindividual block strength as 2.8N/mm2. Also the Federal
Ministry of Works during the annual conference in Kanb {1979/2/
recommended an average compressive slrength of 2.1.N/mm2 while lowest
compressive slrength of individual block should not be less than t.7N/mm2.

Furthermore, the Nigerian industrial standard under preparation

specifies an average strength of 3_45N/mm2 For load bearing and 2.76N/nn2

for a non load bearing Sandcrete blocks. Most codes of practice SDECWY

Box for the Towest percent of Lhe individual strenglh to the average
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compressive strength. It can be seen thal the average welt compressive
sLrength of 0.47N/mm2 for industry A is about 13.46 percent of the British
Standard specification of 3.5N/mm2.

However, the coefficient of variation of the block samples satisfies
Lhe 20% Timit specified for concrete structures/12/. The coefficient of
variation for industry A is 5.73%. This implies that. the manufacturing
process in induslry A is consistent. As such there is no much variance in
Lhe level of production.

The wet development strength can be seen from table 27 and presented

in figure 3 shown below,
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FIGURE 3'WET DEVELOPMENT STRENGIH (SAMPLE A)
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One observe Lhal as Lhe samples are soaked in waler, Lhe 28 dayvs
dry developmenl strength which is Lthe highest strength on the graph
dropped Lo Lthe minimum strength of 0,28N/mm2 which is obtained when
immersed for 28 hours prior Lo tesbLing. This strenglh increases
gradually up Lill the Tth Lo 14th day of immersion prior Lo Lesling
when sbLrength becomes stabilized or steady. However, Lhe strenglLh
- increase do nol remnch the initial dry development strength value
of D.8N/mm2.

As the Sandcrete blocks are immersed in walter, the y show an
increase in volume and an increase in weight. This swelling is due
Lo Lhe absorption of water by the cement gel and Lhe high silt
contenlt in the sand, The water molecules act against Lhe cohesive
forces and tend to force Lhe gel particles further apart, with a
resulting swelling pressure, In addftiun, the ingress of water
decreases Lhe surface tLension of Lhe gel, and a further small
expangsion Lakes place. This swell as a result of silt presence
give rise Lo a sudden sharp drop in strength down Lo 35 percent.
With time, tLhe waler particles gel. into cement gel and hydration
reaclion Lakes place leading Lo a gradual increase in strength.
This increase in slrength gradually comes Lo a stLeady increase but
the actual strength is still lower than expected as a result of
high silt content.

The ratio of Lhe wel development strenglhs at various soaking

ages Lo the dry development strength at 28 days is shown in Lable

33 and presented below in figure 4.
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It can be seen that the ratio of the wet to dry development strenglhs
dropped Lo 35 percent within 24 hours of svaking prior to testing. This
ratio increased to 74 percent at 28 days of soaking prior Lo tesling.
Thus Lhe worst condition occurs within 24 hours of soaking.

One observed that the ratio is fairly steady as from the 7th day of
immersion in water. While the constant wet strength ratio is 75%.

The British standard 2028/25/ specifies that the block density of
TYPE A blocks shall be not less Lhan 1500kg/m3. The average density for
industry A is 940kg/m3 which 1is Jower than the British standard
specification. The Lest result is shown in table 34,

The test results of the drying shrinkage and Lhe moisture movement
is presented in table 36 of chapter Lhree.

1L can be seen Lhal the drying shrinkage of industry A is 0.025%
while Lhe moisture movement in 0.072%. The average drying shrinkage of

Lhe block samples is wilhin Lhe Timit specified by Lhe standard whereas
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the average moisture movement exceeds the specified Timit. The British
standard 2028/25/ specifies that the average value of Lhe drying shrinkage
shall not exceed 0.04% for Lype A block while the average moisture
movemenl shall nol exceed 0.05%,

As early stated both Lhe dry development strength, wet development
strenglh, and wel compressive strength do not satisfy any of the codes of
practice. Furthermore, the Dblock samples failed to satisfy the
requiremenls of moisture movemenl. However, Lhe average drying shrinkage
satisfy the limit specified by Lhe British standard/25/.

The low strength could be as a result of poor sand used by Lhe
industry. From the sile survey carried out, it was observed that industry
A uses Lwo Lypes of sand. These are soft sand and sharp sand. The
proportioning of the sand is Lwo part by volume of soft sand to three part
by volume of sharp sand (2:3). The sand test indicates a high silt
content. This is evident from table 10 which shows a silt contest of
6.25% for the sharp sand and 11.70% for the soft sand. While the average
silt contenl 1is 8,98%. This value however exceeds Lhe Tlimit of 6%
specified by the British standard 812: part 1: 1975/16.

From the lilerature review, the Building Research Stalion Digest No.
22/20/ observed that sand should not. contain vary [ine particles such as
si1t and clay, which will produce a concrete Lhat requires a high water
content. IUL further staled thal when clay or silt exists as a coaling to
the sand particles it is likely to result in poor bond between Lhe
particles and the cement, and also in vw.oaker and less durable

concrelte/20/.
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It was observed also Lhal the sand used by Lhe industry contained
delelerious malter such as leaves and root of tree. These materials have
the Lendency Lo decompose when brought in contact with moisture. This
will result in Lhe formation of pores in the Sandcrete blocks. This is
pvident from table 11 of chapter Lhree where the porosily of the sand is
a6%.

The low slrength of blocks produced by industry A can also be
allributed to inaccuracy in the proportioning of sand and cement.
Induslry A uses one part by volume of cement to ten part by volume of sand
(1:10). IL is fimportant to emphasis that the proportioning of the
cemenl/sand used by industry A is grossly lower than the British Standard
specification of one part by volume of cement to six part by volume of
sand (1:6).

'rom Lhe sieve analysis resull shown in table 10 and as presented in
figure 5, one observe that the grading of the sand (fine aggregate) of

industry A fell partially within Lthe Timits of Zone one.
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From the figure shown above, one observe Lhat the sand does not fall fully
within the Zone, as such the sand cannot be considered to be fully
suttable for lhe production of Sandcrete blocks. lHowever, one can
practically say that the sand is within Zone one.

One other important factor attributed to the low strength is the
poor curing conditions as observed in indusliry A. Beside the fact that
Lhe blocks are not given sufficient water during curing, they are l1efl in
the open air without covering imﬁed!ate1y after casting subjecting them to
severe effect of Lemperature, wind and rain. Industry A cure its blocks
by spraying them with water once daily in the morning fur two days instead
of spraying twico daily Tor a period of seven days. |

Also the idirregular servicing of block making machine could result
into poor compaction. This invariably resullt to tow densily which is

shown in table 34.

INDUSTRY ©

As in Llhe case of industry A, the sandcrete blocks produced by
industry B have gencrally very low dry development strength. This can be

seen in Lable 16 and presented in figure 6 shown below.
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The block samples altained an average dry development strengLh of
1.02N/mm2 al 28 days. This value is however lower than the values
specified by both the British standard and the Nigerian industrial
standards.

One observe Lhal the dry development strenglh of 1.02N/mm is about
29.14 percent. of the British Standard specification of 3.5N/mm2,
Observing the figure it could be noted that the block samples altained
fairly steady strenglh as from the 7iLh day to the 20th day as with the
case of induslry A.

As can be seen from table 22, Lhe sandcrele blocks from industry B
have a very low wel compressive strength when compared with the codes of
practice. The average wet compressive sltrength is 0.583N/mm2. This
strength value is however lower than both the British and Nigerian

industrial standards and the Federal Ministry of Works specificalions. As

earlier stated, the British standard /25/ specifies an average compressive
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strenglh of 3.5N/mm2. While the Federal Ministry of Work recommends an
average compressive sirength of 2.1N/mm2. One observe that this average
compressive strenglh of 0.583N/mm2 is aboul 16.66 percent of the British
standard specification of 3.5N/mm2. The value is about 27.76 percent of
the Federal Ministry of Works specification of 2, 1N/mm2.

The coefficient of variation of the blocks produced by industry B is
8.062 percenkt. This value is Tess Lhan Lhe 20% Timit. As such the
manufaclturing process can be said Lo be consistent,

As can be seen Trom figure 7 and table 28, industry B equally has

low webt development strengths.
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One observe also thal as the hlock samples are soaked in water, the 28
days dry development strength which is 1.02N/mm2 dropped to the minimum
strenglh of 0.35N/mm2. This value is obtained when immersed for 24 hours
prior to testing. As can be seen on thae graph, this strength increases
gradually up til11 the 7th day of immersion prior to tasting. From tha 7th
day Lthe strength increase becomes fairly stable, however this doss not
reach the highest dry development strength of 1.02N/mm2 shown on the
graph. |

As previously explained, the drop in values of the wet development
strength is as a result of the presence of high silt content in Lhe sand.
The effect of sill on Sandcrete blocks is that it has the ability to
absorb water. This resulted in reducing the strength of the blocks.

The ratio of the wet development strengths al various sovaking ages
to Lhe dry development strength at 28 'days was also determined for

industry B. The Lest results are shown in table 33 and presented below in

figure 8.
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Observing the figure, it can ba seen that highest dry development strength
of 1.02N/mm2 (i.e. 100 percent) dropped down to 34 percent within 24 hours
of soaking prior to testing. This shows a decrease of about 66 percent
Trom Lhe highesl dry development strength. The 24-hours period of soaking
could be sald to be the worst condition. Thereafter the strength
thcreases gradually to 72 percent after 28 days of soaking prior to
testing. b can be seen Lhat the minimum wel strength ralbio is 34 percent
while the constant wet slrength ratic is 76 percent.

The average density of blocks produced by industry B is 980ky/m3.
The test results are shown in table 34. The British standard 2028/25/
specifies that the density of type A blocks shall be not less than
1500ky/m3. This implies that the block samples produced from industry B
do not saltisfy the specification of Lhe moisture movement. Uuwever, the
blocks are within the 1imit specify for the drying shrinkage and the
moisture movement are presented in tab]é 36. Industry B has a drying
shrinkaye of 0.038 percent with a moisture movement of 0.074 percent.

As previously staled, blocks produced by industry B have Jow dry
development strengths, wel development strengths and wet compreséive
strengths. The low strengths of blocks produced by industry B could be
associated with poor sand. This 1is evident from the siit content
presented in Table 10. The {ndustry has a value of 4_55 percent fTor sharp
sand and 10.59 percent for soft sand. While the average silt content is
7.57 percenl.. This value exceeds the 6 percent 1imit recommended by the
British sLandard /25/. The proportioning of the sand used by industry B

is one part by volume ofF soft sand to four part by volume of sharp sand

(1:4).
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It is vbserved Lhal Lhe proporLioning of the sand and cement might
have contribuled to the low strenglh as experienced in industry B. The

industry employs one part by volume of cemenl Lo Len parl by volume of

sand (1:10).

Observing the sieve analysis resulls shown in table 11 and presented
in figure 9, it can be seen that Lhe sand fell slightly out of the limits

of Zone one. However, the sand can be assumed to be within Zone one.
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The low strength of blocks produced by industry B can also be
attributed to the condition of curing. The mode of curing employed by the
industry is by laying the blocks in the open air without cover. 1In

addition, the blocks are sprayed with water once daily for three days.



i

The consequence of laying the blocks without covering them especially at
Lhe early stage of casting could have a serious effect on the strength.
This is due to the fact Lthat the hydralion process (i.e reaction between
cement and waler) will beé shorlened. Thus most of the water needed to
enhance the sbLrenglh of Lhe blocks must have been evaporated.

4.4  INDUSTRY €

The average dry development strength of industry C at 28 days curing
is 0.97N/mm2. This shows a relatively low strength value. The test

results can be seen in table 17 and presented below in figure 10.
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Observing figure 10, one can see that the industry attained an
average dry deveTopment strength of 0.77N/mm2 on the 7th day of curing.

While the strength increases steadily from the 7th -~ 28th day without much

76



difference in strength. This impties that the chemical reaction between
the cement and watlar must have praclicully been completed diminishing with
age.

The dry development strength of 0.97N/mm2 is about 27,71 percent of
the 3.5N/mm2 specified by the Brilish standard. This value is about 46.19
percent of the Federal Minislry of Work specification of 2.i1N/mm2. This
indicates a comparalively low strength valtue.

Industry C attained an average wet compressive strength of
0.55N/mm2. This value is generally lower than the average strengths
specified by most codes of practice. This value of 0.55N/mm2 is
approximately 15.71 percent of the British standard specification. It is
also about 26.19 percent of the Federal Ministry of Works specification.
The coefficient of variation of the block samples is 9.455 percent. This
value is within the 20 percent limit.

The block samples of industry C have an average wet development
strength of 0,.33IN/mm2 within 24 hours immersion prior to testing. This
value is referred tu as the minimum wet strength which is as a result of
the drop In strength value of the 28 days dry develupment strength. This
strength increases gradually up till the 7th day of immersion prior to
testing. AL this age, the strength bacomes fairly stable up till the 28th
day. ‘

One cbhserve however, that the strength-increase do not reach the 28~
days dry development strength value of 0.97N/mm2.

The test results are shown in table 29 and presenlted in figure 11.
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As earlier explained, the strength feduction in the wet development
strength values is as a resuit of absorption of water by the si1t content
of the sand used for the production of tLhe sandcrete blocks. The sand has
an average silt contenl of 9.95 percent. While the soft sand has a silt
content of 13.64 percent, the sharp sand has 6.25 percent.

The ratio of the wet development strengths alt various soaking ages

to Lhe dry development strenglh at 28 days is shown in table 33 and

presented below in figure 12.
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Observing Lhe figure, it can be seen_thatlthe wel to dry developmant
strength dropped to 34 percent within 24 hours of soaking prior to
testing. This ratio increased Lo 70 percenl. at 28 days of socaking prior
to testing. This indicates Lhat the worst condition is observed within 24
hours of soaking prior to testing. It can be seen that the constant wet
st.rength ralio is 68 percent,

Industry € has an average density of 1050kq/m3 which do not satisfy
the spacification of type A blocks. The result is presented in table 34
of chapter three.

The test resuits of the drying shrinkage and the moisture movemeant
are 0.031 percent and 0.067 percent respectively. The drying shrinkage
conforms with the limits of 0.04% specified by the British standard.

While the moisture mavement exceed the 0.05% specified by the British
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standard. According to the United States lousing and Home Finance Agency,
little Lrouble is likely Lo be experienced if the shrinkage is less than
0.06 percent, but a shrinkage of over 0.10 percent is definitely excessive
1Y/, The Lesl results are presented in table 36 of chapler Lhree.

The sieve analysis result. of the sand used by industry C s

presented below in figure 13 and shown in table 12 of chapter three.
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It can be seen Lhat the sand fall closely within the limits of Zone
one.

As previously mentioned, the sandcrete blocks produced by industry
C have generally low strength values. In addilion the sandcrete blocks
have high moisture movement.

These shortcomings can be altributed Lo among others the use ol poor

sand and in-appropriate curing conditions. The sand contained high silt

conlent.. This is evident from the percentage of silt content contained in
boLth the soft sand and Lhe sharp sand. The silt content of the soft sand

is 13:64 percent while Lhe sharp sand has 6.25 percent. The average silt
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content is 9.95 percent.

The proportioning of sand employed by the industry is twao part of
volume of soft sand to three part by volume of sharp sand (2:3). The
presence of Lhe high silt conlent c¢an boe albtribuled mainly to the use of
soft sand. The cement/sand ratio used by the industry is one part by
volume of cement to Len part of volume of sand (1:10) as compared with the
British standard specification of one part by volume of cement to six part
b} volume of sand [1:6).

The high percenl of Lhe moisture movement of Lhe block samples can
also be attributed Lo the presence of high silt content. silt has the
Lendency Lo absorb high water content. The test results of the moisture
movement and the drying shrinkage are shown in table 36. The block
samples have an average drying shrinkage of 0,031 percenl and an average
moisbure movement of 0.067 percent.

It was observed also that the mode of curing employed by industry C
is inadequate. The hlocks are normally cured by spraying with water once
daily for two days. From Lhe literalure review, Rosacumetta/15/ asserled
ihat blocks should be under shed for 7 days. It further stated that
during this phase, rows of stacked up blocks should always be accurately
sprinkled. Thus nhe of the reasons for the general Tow strength.

4.5 INDUSTRY D

As observed in Lhe previously mentioned industries, sandcrete blocks
produced by industry D have equally Jow strength values. As earlier
stated, Lhe low strength could be mainly due to sub~-standard sand, poor
curing conditions, poor proportioning of constituent materials, continuous

use and irrequlor servicing of block miaking machine.
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As can be seen from Migure 14 shown below, block samples from fndustry D have an

average dry developmeni strength of 0.77N/mm2 at 28 days of curing.
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This value of G.7TN/mm2 is however lower than Lhe value specified by
most codes of practice. The value of the dry development strength at 28
days curing is about 22 percent of both the British standard specification
of 3.5N/mn2. Also the value is about 36.67 percent of the Federal
Ministry of Works specification of 2.1N/mm2/2/.

This tow strength could be attributed to poor curing condition asg
experienced at tLhe early stage of casting the blocks. On survey, it was -
observed thal blocks were cured by spraying with water once daily for two
days. In addition, the blocks were left in the upenlair without cover
subjecling Lhem Lo severe effect of wind and temperature.

The wet compressive strength of industry D 1s as shown in table 25.

The average wel compressive strength is 0.50IN/mm2. This value represent
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about 23.86 percent of the recommendation of the Federal Ministry of Works

Faf of 2.1N/mm2.
spacificaltion of 3.5N/mm2.

ssmples is 8.383 percent.

TL also represenl 14.31 percent of the British standard
The coefficient of variation of the block

This however satisfies the 20 percent Timits.

The Lest results of Lhe wet development strength are shown in table

30 and presented below in Figure 15.
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Dbserving figure 15, it can be seen Lhat the 28 days dry development

strength is Q.7TN/mn2,

This {s the highest strength on the graph.

The

value of 0.7TN/mm2 dropped down to 0.33N/mm2 when the block samples were

soaked in water for 24 hours prior to testing.  Therefore, the strength
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tncreases gradually until the 7th day when the strength-increase becomes
s(ahilized.

The strenglh-increase becomes sleady from the 7th-28Lh days of
soak ing prior to Ltesting. MHowever, the strength-increase do not reach the
28 days dry development strength. The figure shows a minimum wet strength
of 0.33N/mm2 and a constant wel strength of 0.63N/mm2.

As previousily explained, the sudden drop in strength after the
samples have been soaked for 24 hours prior to testing was as a result of
absorption of water by the blocks. As the blocks absorb water, the water
molecules act against the cohesive forces; As water gets into the cement
gel, hydration reaction takes place Teading to a gradual increase in
strength.

One observed that the ratio of the wet fo dry development strength
dropped down to 43 percent within 24 hours of scaking prior to testing.
The 13 percent indicates the minimum wet strength ratio. At the 28-days
of svaking prior Lo testing, the ratio increased to 86 percent. While the
constant wel sirenglh ratic is 84 percent. The ratio of the wet
davelopment stremgths at various secaking ages to the dry development

strenglh at 2B days is shown in table 33 and presented in figure 16.
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The average density of blocks produced by fndustry D is 1020kg/m3.
This value of 1020kg/m3 do not conform with the Timit of type A blocks in
accordance with the British standard specification/25/. The test results
are shown in table 34.

Block samples produced by indusiry -D has appreciably high moisture
movement of 0.092 percent. While the drying shrinkage is 0.033 percent,
The average drying shrinkage is within the 1imit of 0.04 percent specified
by the standard. However, the average moisture movement exceeds the
specified limit of 0.05 percent.

On survaey, il was observed that the industry uses sub-standard sand,
revealing high silt content. The sand used by the industry indicates &
si1l contenl of 9.09 percenl, for the sharp sand and 14.61 percent for the
soft sand. The average silt content. is 11.85 percent which is higher than

the 6 percenl. specified by Lhe British standard 812 1975/16. The test

results are presented in table 10.
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From Lthe site survey carried out, it was also noted Lhat the
proportioning of Lhe sand is two part by volume of soft sand to three part
by volume of sharp sand (2:3). While the cement/sand ratio employed by
the industry is one part by volume of cemenl Lo ten part by volume of sand
(1:10). The effect of the high si1t content and inappropriate
proportioning of materials resulted to low strength as experienced by the
industry.

Considering the sieve analysis result as presented in Figure 1T and

shown in table 13, the sand can practically be said to fall within Zone

one.
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4.6  INDUGTRY E
Considering table 19 of chapl:ér three and Tigure 18 shown below, the
dry developmenl strenglth of Lhe block samples at 28 days curing is

0.91N/mm2 .
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It can be seen that Lhe sbtrength increases gradually exhibiting a
parabolic curve which is true for all materials testing. The strength
increases gradually up Lill the t4th day of curing when the sbLrenglh
becomes fairly stabilized. Belween the 14Lh Lo 28Lh days of curing, the
Lest results show 1itLle strengblh difference.

One observe however that the strength values are comparaltively Tow.
The value of 0.91N/mm2 is aboul 26 percent of the British standard
specification of 3.6N/mm2.

The average wel compressive strenglh of industry E is 0.547N/mm2
while the coefficient of variation is 12.43 percent.

The tesl resulls are presenled in table 25 of chaplter three. The
Federal Ministry of Works/2/ recommended an average wel compressive
strenglth of 2.1N/mn2 while the Brilish standard specified 3.5N/mm?2. The
avarage webt compressive slLrength of 0.547N/mm?2 is Tower Lhan bolh the
specificalions of Lhe Federal Ministry of Works and the british slandard.
This strength is about 26,05 percent of Lhe Federal Ministry of Works

recommendat ion nd about 15.63 percenl. of the British standard
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specificalions,
The wel develupmenl strenglh can be seen from table 31 and presented

in figure 19 shown below.
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FIGURE 19: WET DEVELOPMENT STRENGIH ( SAMPLE E )

Observing figure 19, the 28 days dry development strength is 0.91N/mm2.
This 1s the highest strength altained at 28-days before immersion in
water. This value of 0.91N/mm2 dropped down to 0.35N/mm? when the block
samples were soaked 24 hours prior to Lesting. The value of 0.358/mm2 is
the minimum wet sirength.

As earlier explained, the sudden drop in strength is as a result of
absorption of moisture by the presence of silt. At this phase, the water
melecules fend Lo act against the cohesive forces. This slrenyth
increases gradually up till the 7th day of immersion prior Lo testing when
the strength becomes C.65N/mm2. The strength become steady from Tth to
28th days with 1ittle strength variation. However, the strengith do not

reach the 28--days dry development strength value of 0.91N/mm2. it can be
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seen from figure 19 that the constant wet strength is 0.65N/mm2.
The ratio of the wet development strengths at various soaking ages Lo the

dry developmenl strengbh at 28 days is shown in Lable 33 and presented below in

figure 20.

[ CONSTANT WET STRENGTH RATIO==21%,

.7
ul £ R,
64
50
38 MINIMUM WET STRENGTH RATIO=38'%
H T T Al ¥ .
¢ 43 7 14 21 28

{ IMMERSION DAYS )
FIGURE 20 Fwet/Fdry RATIO N PERCENTAGE FOR SAMPLE E

Considering figure 20 above, one observe that the 28 days dry
development strength (i.e. 100%) drop—~d down to 38 percent when soaked
within 24 hours prior to testing. his indicating the minimum wetb
strength ratio. As observed in the other indusiries, the strength
increases gradually unlil it gels Lo 73 percent at the 28 days of soaking
prior to testing, It can be seen that the constant wet strenglh ratio is
71 percent.

The average densily of blocks produced by industry E is 980kg/m3.
This value is Tower than Lhe specification of type A blocks. The british
standard /25/ recommends Lhat the average densily of type A block should

be not less Lhan 1500ky/m3. The test result is shown in table 34 of
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chapler Lhree.

The average drying shrinkage of industry F is 0.021 percent while
the average moisture movement is 0.071 percent. The test results can be
seen in Lable 36.  The average moisbure movemenl exceeds Lhe limits of
0.05 percenl while the drying shrinkage is within the limits of 0.04
percenl. specified by the British standard.

The sieve analysis of Lhe fine aggregate (sand) used by industry E

is shown in table 14 and presented below in [ligure 21,
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FIGURE 21: SIEVE AMALYSIS OF INDUSTRY E

Observing Figure 21, it revealed that the sand falls within Zone one.
The proportioning of the constituenls materials and the mode of
curing employed by industry E are similar Lo industries A, C and D.
1L was observed generally that informalion collected in respect of

Lhe mode of production, sizes, materials and Lest results are similar in

all Lthe various industries.
AlLthough the various test results showed Lhat Lhe blocks produced
from all Lhe induslries fall short of the standards. However, industry B

appears Lo have a relatively better strenglh results than industries A, C,
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D and E.

The compar ison of strength results are presented in figures 22 and 23.
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IL can be seen from figures 22 and 23 shown above that industry B
has the best values for both the dry development strength and the wet
development strenglh.

The 20 days dry development strenglhs are 0.80N/mm2, 1.02N/mm2,
0.97N/mm2. O0.77N/mm2 and 0.91N/mm2 for industries A, B, C, D and E
respeclively.  Alco the wel developmenl strenglh at 28 days of soaking
prior to testing are O0.59N/mm?, 0.73N/mm?2, 0.68N/mm2, 0.66N/mm2 and
0.66N/mm2 for industries A, B, C, D and F respeclively. Considering Lable
26, it can be seen Lhat the wel compressive sbrengths are 0.47N/mm?,
0. 533N/mm2, 0.550N/mm2, O0.50N/mm2 and 0.547N/mm2 for industries A, B, C,
D and E respeclively.

The relalively high strength values of industry B could fairly be
attributed Lo the curing conditions of the industry. From the discussion
had with the manufacturers, blocks produced by induslLry B are cured by
spraying with water once daily for three days. While blocks from
industries A, €, D and E are cured once daily for two days.

Furthermore, Lhe sand tesls show that the sand from industry B has
the best silt conLtent.., This is evident from Lhe Lypes of sand employed by
the industry. While industry B uses one part by volume of soft sand to
ruur-pnrt by volume of sharp sand (1:4), industries A, C, D and E use two
part. by volume of soft sand to Lhree part by volume of sharp sand (2:3)
with a 50kg bag of cement for a batch.

.lhn average silt contenl. are 8.98%, 7.57%, 9.95%, 11.85% and 11.14%
for industries A, B, ¢, D and E reﬁpectfveiy. These values however exceed

Lthe Timit of 6 percent specilied by Lhe standard,
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CHAPTER FIVE

[+2]
(=

GONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS
The thesis considered the malerials and conditions of production of
sandcrele hollow blocks. The various test and analysis carried out are

aimed toward determining the quality of sandcrete hollow blocks produced

in Kaduna Statle.

Generally the quaiilies of the blocks produced by the various
industries do nol comply with both the British standard and Lhe Nigerian
industrial standard.

1. For Lhe dry development strenglth, all the block samples attained
Tairly steady strength from the 7th day up t111 the 28th day. However,
thase strengths are signiFicantly Tow.

2. The block samples attained a critical condition within 24 hours of
immefsiun prior Lo Lesting for wo' gevelopment strength. Thié immersion
period gives Lhe minimum wet development strength value. The minimum wet
development strengths are 0.20/N/mm2, 0.35N/mm2, 0.33N/mm2, 0.33N/mm2 and
D.358/mm?2 for industries A, B, C, D and E respectively.

3. The average wel development strepgths at 28 ~ days of immersion
prior to testing are 0.59N/mm2, OQ.73N/wmz, O0.68N/om2, 0.66N/mm2 and
0.66N/mn2 for industries A,B,C,D and E respectively.

It is important to emphasis that the wet strength increase as
observed in all Lhe industries do not reach the initial 28 - days dry
development strength.

4. The ratio of the wet development strengths at various soaking
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ages to the dry development strength at 28 days showed a sharp drop in
sLrength for all the industries.

The conslant wel strength ratio are 75%, 76%, 68%, 83% and 71% for
industries A, B, €, D, and E respeclively.

5. The block samples altained an average wét cdmpressive strengths of
0.47N/mm2, O0.5B83N/mm2, O.550N/mm2, O0.50/N/mm2 and 0.547N/mm2 for
industries A, B, C, D and E respectively. Thase values are howaver lawer
than -the Brilish standard speciftcatjon of 3.5N/mm2.

6. One observe in all the industries visited that the mode of curing is
by Taying Lhe blocks Tn Lhe open air without cover. The blocks are then
sprayed wilh waler once daily for two or three days.

This method of curing especially at the early stage of casting could
have a serious negative effecl on the strenglh. This is due to the fact
that mosL of Lhe waler required for bhe H;dragion process must have bean
evaporaled,

1. : The ratio of the increase in weight to the weight of the dry sample
express as a percentage, is termed water absorption. The average water
absorption of the block samples is 9.76 percent.

8. The average density of the sandcrete hollow blocks produced in
Kaduna Slate is 994kg/m3. This is however Tlower Lhan 1500kg/m3
recommended by the British standard for type A block.

9. The moisture movement of the blocks produced from all the industries

exceeded Lhe 0.05% specified by the British standard 2028/28/. The

average moislure movement for the Tive industries is 0.075%.
10. However, Lhe blocks have an average drying shrinkage of 0.03 percent

vhich conforms with the 0.04% limit specified by mosl codes of practice.
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5.2 RECOMMENDATIONS
From Lhe various lest resulls presented, it shows that Lhe qualily
of the sandcrete hollow blocks Ffall short of Lhe specifications. As such
there 1s ant urgenlt necd for strong recommendations for the mode of
product ion and use of sandcrete hollow blocks in Kaduna State.
1. First and foremost manufacturers’ should be mandated by the standard
organizalion of Nigeria to undertake periodi¢a1 testing so as to ascertain
thal Lhoir producls conform with the specifications. Thus have test
certificale altached to their products.
2. .The users of sandcrete hollow blocks should always demand a
certificalte of test from producers tu ascertain thal the blocks being
purchased are of good quality.
3. Users of cement should be educaled on the danger of prolonged
storage of cement. Cement should not be stored longer than six months and
should be used as svon as practicable.
4. Also Lhe practice of storing cement on bare floor as oblserved
virtually in all Lhe industries should be discouraged.
5. For standard curing, the btocks should be left under cover and kept
wet by watering twice daily fur at least seven days. At this age,
hydrﬁtiun must have been practically completed. Although hydration is a
continuous process diminishing with age.
6. The use of "soft” sand shouwld be discouraged. As indicated in the
test results, "soft”™ sand contains high percentage of silt content which
has a serious effect on the strength of sandcrete blocks. Thus the
manufacturers should insist on the use of good quality sand.

7. Block making machine should be used 1n accordance with ULhe
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manufacturers specifications, checked and serviced regularly so that
blocks of uniform strengbh are produced.

8. The sizes of blocks in relation to the compaction pressure should be

invesligated. One observe that the sizes vary due to the fact that

compaction pressura was not constant.
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APPENDIX |
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APEENDIT 2
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AFFENDIY 3
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APPERDIT 4

DATE OF CASTENG: 4/02/92

TEST: DAY NEVELOPNANT 3TRENGTH

............... e e R e = m mm i m ok e by o e mmmmmmEmmEmn_—

1S/NDDATE  |SAHPLE

Lo ITESTRD  IWkgER |
P : :
S jnenmensma i
b 0T B3/SK
b2 T3 DL0TIRNSK
YL IB3/07/03/5K |
| 1 1 |
I 1 1 |
N 11/0/K |
TR TR R TR T
DB, iDBS11700;58 |
1 1 1 I
b L] Ll |
R 10718/03/5H |
| 8. 1873792 1D8/18/00/SK |
P9 I3/ 18103/5K |
| L] 1 !
e L 1 I
10, ) {10425 /03 /84
IO TR I MY TR Y
R 1D12/28/03/8K)
' 1 [} 1
| i L] [
AL 1013701134 /5K)
AL TIPS R ITYO RV
HE T1601704/ M}

460
{60
160

1 1]

{0
160
9

{60
111

b
1

{LRRGTY | BREADTH HELGHT ) HOLLOY

yBRDSS

KA 1AREA
‘ng &AM (62

1168 1 140}
V166 1 140
] |

] 1
HitWatkH
V168 & 149
VEES x 140)
' I
HE TS
V166 x 175}
V168 & 1403
¥ 1
1 1
1LRY & 138,
1168 x {40
90 x 14D
, ;
V68 1 18]
VI68 ¢ 1403
i
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0.1069

B, 1058
0. 1088
0. 1065

1058
0. 1058
0.1068

1.10508
B 1063
. 1658

0.1056
0.1058
0.1053

VOLUHE  |WEEIGHT |FALLURR)DENSLTY ) RTRENGTH) AVERAGE |
nl 14 JWORD O RG/m} TH oR2 . RTRENGTH,
' it ' H Wt
I I ] I ] !
NP K T I S S R [T I8 . T I I '
0.0232 1 2780 3 ARG TIB1S.h L DRM ) BT
00230 D23 Y565 L MGG Y 0.533 .
N.0E ) 23,80 ) 6L.% L0013 ) 0,581 :
0,023 0 23,105 0 LIDVLLE L 0.686 0 061 )
0.0233 ¢ 21,80 ) 81,0 10205 ) DOBTD }
0.0231 ) 240 ) BLE (U015 0.1RR :
0,0233 1 24,2 b RRLR Ot oot o aam
0.023% & 23,3 % 8¢ l100k.0 § 0.¥T5 ) i
+ ] | [] 1 ]
1 ] t 1 ' 1
0,003 4 205 ) MLh tonda 0. H
0.023% 1 23,45 1 85,0 j1z.) ) o.4e0 ) 0.7
0.0813 ) 23.65 ) BB.0 e300 ) D3 H
3 i 1 1 I 1
] ] ) 1 1 ]
0,083 1 20 0 9LLR ) BO0LY ) h.ast ) {
NIRRT TR N AL LI
0.0213 ) 22,3 U605 9795 ) DWW



APPERDTY §

PATE OF CASTTNG: 4/n3/92

TEST: DAY DEVELRFKENT STREHCTH

YELGHT )FA[LURE)DENSETY | STRENGTH | AVERAGE |
1STRERSTI
H.EL L

1S/HO | UATE {SAUPIE

(LEHGTA DREADTHIHKICHT 1HOLLOR  }GROSS

15178 1AREL
mmx o |nd

1 1
1170 1 [40] 0.408)
(165 « 140} 0.1053
BT x 140} 0100
t |

] |
VIBS x 1407 0,100
V168 1 138 9.108)
VIR w138 0.104)
] . '

1 |
HER e 138 0,108
1166 5 1407 0.9
VIBS o 1407 0.1058
1 ]

1 L]
1158 £ 10} 0.1058
'158 x 108] 01038
‘158 x 140} D.i06]
] ]

1 1
1168 x 1407 0.4853
T0 3 138 09080
(168 x 1407 0,058

VOLUKE

-
e

asman -

t,0212
4027
B.0234

00228
9,020
0.0230

a.0228
b.0228
0.2

0.2
0.0233
0.0233

0.0230
0. 0288
T.0e)

t
'

]
]
t

]
]
1
r
I
|
3
L
1
1
L]
1
1
1
b
1
L]
]
]
]
1
]
]
]
!
1
1
1
1
1
1
1
1
1
|
|
I
I
|
I
I

kG VD EG/R]

|
64.5 ; 913.¢
|
|
L
1

79,76 11004.2
91,90 L1601 .5
83.85 11005.3
1019.4
9.4
8424

H.40
106.35

§3.25
1.7
63.15

7.1
3T
LTEN

1
r
]
1
1
!
'
'
]
1
]
1
1
1
1
1
'
I
I

12,18

3).65 | 330.7
$2.40 | 98.35 J100Z.0
12,60 | 91.25 | 99199

]
L
1
1
;
23,00 } 4180
)
'
I
]
1
i
1
1

|
|
|
|
|
|
|
|
L
1
1
1
1
[
]
]
[
1
[
1
1
1
1
1
i
+
+
t
]
]
3
1
'
1
1l
1
1
1
|
|
|
|

Nfand

0787
0.7%%
0.73%

0. 863
t. 30k
1,398

0,644
L
h. 841

9,989
fa44
0.881

0.9

A7

0.4

NI R s e A NN EEE IS oL NEEINELEI IS oIIE LI IISITEEssLI IS ISIICCCIoIISESEEEISEIISIICCoIRESEEEEEEEESICSCIoIoITsIsIRIEECISS

'
! _ {TRETED  IHUNBER ma I .
LI i i ; I
fossfnnenases R funecesten oo
P VRIIRTAOMRG | 60 b 229 ) 220
VOONYA TRA0TIOMAEG | 458 ) 20 ) 29
N VEIAOTIOLARG Y OMSD 4 3L &
] t t 1 | 1
1 1 F 1 I 1
R PR WRALTIOR/RG | #BE ) 230 | 2i6
VAT IRBAEL/0SARG L A%R ) 2an | 218
P (RE/VL/03/RG | 460 | 230 | 216
] 1 1 3 | 1
] 1 1 L) | I
H BT/IBJ03/XG L A6t | 229 ) 216
» 1RF190 (RRS1B/00 NG | 460 ) 228 ) 218
A BIIBM0NING L dbe 30 ) LR
] L] 1 | t 1
[} ] L] | 1 1
19, IRIB/ZSIN3/KG) 46D ¢ 230, 218
VIL J2Bf9E SREI/ZSIDIAG, 460 | 20 | 320
e VAR08, 461 ) 230 D
L] 1 1 ] ) L)
t | | 1 1 1
I PRII/O1/04/KR, 458 ) 210 | 2R
cHLOTIASE RUfO 04 RGE 4G9 ) 229 ) 216
HE BLBIOIf0A/RGY 40D ) 2l ) B
"
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APPERDIX 6

.............

TEST: WET COMPRESSIVE STRENGTH {TRSTED BETWEEN MORTAR CAPANE|
DATE INNRSED IN WATER: 5/3/92

DATE TESTED: 3/3/92

DATE NORTAR CURES ATTAINED LEAST STRENGTH: 3/3/%2

...............................................................................................................

{5/NOSANTLE (LEKGTH} BREADTH HEIGHT } HOLLOY B1ZE \GROSS  (VOLUME  (WEIGHT jFATLUREIDENSITY,STRENGTR,

1 |BUNBER . (ma \an |BEFORE CAPRING | AREA ad g WORD NG ed /w2
HE i : b o a2 ! ] it ; } H
(e —————— et e jommees [sre=ssmsasseasasloacnaenas s e froemees mem—— {oeeemeee :
VL0703 2R ) 460 ) 2312 ) 230 ) 16B & 138 VOLH070 ) 0.0246 | 30,3 ) BOLE 1231.8 ) 0.4TN0
Y20AR/09/03/3R ) 460 ) 232 1 228 3 110 x 138 DOLI06T ) 0.0243 ) AL ) AOLE GI2%R.0 G 0472
V3. JA3J09/03/7R | BT ) 230 231} 16B x LD L 0,1080 ) 0.0245 ) 304 ) BO.0 jM24L.B ) 0uT2
VAL TMJ09/03/ER | 462 ) 230 ) 228 ) 1R ¢ MO }0.1063 ) 0.0242 | 311 ) 510 J1283.7 ) A4 |
{5, JAS/0%/03/IR | 460 ) 231 228 ) 166 x 140 Y 01062 ) D, 0242 D ALL0 ) BRLD O GN278.5 D 0,493 )
VB, JAG/O3/03/ER ) 460 ) 230 ) 230 ) 110 x 140 1 0.1058 ) 0.0243 ;30,5 ) S2.0 1H253.4 04N )
V1OAATID9/00/TR ) 460 230 5 210 ) 1R x 14D y 01088 ) 0.0243 ) 313 ) 450 (1200.3 ) D4ED
VB JARJO3/03/3R ) AR ) 232 230 ) ISR g 1R 010t ) 0.0246 ) 32,0 ) 51.0 (1360.3 | 0,457
VAL ARJ03/00IR L AR ) 231 228 ) 110 x 140 P0L1067 ) 0.0243 ) 0.1 ) 43,0 JI2EL.T ) D.4SY
P10, JAYDF03/03/ER) 462 ) 232 1 228 ) 110 x MO V0.1072 ) 0.0244 ;) JLLE L 400 J1283,0 ) Dol
11E, JALL/08/03/2R) 460 ) 231 ) 230 ,  16R x 140 VOLI063 ) 0.0244 32,1 ) 6.0 JI3ITE ) 040D )
112, A12/09/03/7R) 461 ) 231 ) 230 % 16B x 128 YOLI065 ) 0.0245 ) 31.5 ) 85.0 L1286.0 ) 0816
piaddiiibrdribtdibitaba bttt itefaditit st i bttt sEsssssissneses S2s23sssssossosIasEocassEIgsIIIels:

AVERAGE STRERGTH = 0,471 W/mal
STANDARD DEVIATION = 0.027 N/wal
Coefficient and Varialion = 5,722 %
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APPENDIR 1

TRST: WET COMPRESIIVE STRENGTH (TRSTED REEWEEN KORTAR CAPPING|
DATE TWHRRSSED LW ¥ATRR: §f1/32

PATE TESTER: 97192

DATE HORTAR CURES ATTAINED LEAST STRARNGTH: 9/1/92

15 /40! SANPLE SLERCTIBREADTIDRIGAT IOMLOR SEZR  [AROSS  (VOLUMR  !WREGHT !FAILURR!DRNSITY!STREHGTR}
£ TRUNRKR ‘sw len  len  |DFFORR CAPPINGIAREA  !n} WG ULORD  LRG/m] HJamd
o ! : ! T ‘Al { : W) : '
P PR, | | I, . L | I L, | D | . L | I, 1
(] ] 1 | 1 [ ] 1 1 ¥ ] ] t 1
UYL URIZO/00/MD LRG0 L 232 L ®A3 Y 166w WG ! D.IDET ! 0.0M3 1L ) R4 D1250.8 ) 0.660
D0, U92/09/D3/KD 245D Y a3k 1233 ) V66 x 140} 0.3090 Y D.0248 ! 313 ! BB 1)ZG1.8 ) 0,598 )
0. IR/OR/03/K0 ) 61 L 231 1232 1 186 MO ) 01065 3 00247 ¢ 3.6 ! 65.0 12150 ¢ 0.610
VALCTBAIOISORE 063 1 230 L 21D 0 1T o 037 L DLA0E3 ! 00285 1 235 ) 560 11201.9 ) 0.52%
DR OLBS/DOfOMRD D AR ) 230 D232 1 (70 w 138 O.A0R5 ' 0.02¢T ) 3Lt )66 112831} 0.6
C6, SRB/0I/O3/RD L AG1 D 231 Y 202 % IR x 130 1 0.0085 ) 00247 D L3} BG.B MIZEGC.Y L DR
DOIRMD/NNED D46 ' 231 Y230 ) 166 5 138 D D.O0G3 Y 00245 ¢ 315 ) 6R.D 1)Es3.3 ) 0.56S
URMRB/0IA04RD D 46) L 830 ) 232 1 166 k138 L 0.IDGG ! D.0246. ) 1.2 7Y 62,0 M1268.7 ) .49
Cg SR9/09/03/R0 L ASE D 232 ) 201 1 166 x 140} 0.1070 ! 0.0267 ! 11,7 ! 59,0 !1283.1 ! 0.5
10, (BIOANSSNIZRDY 46 L 232 1230 0 168 x 13T ! G108 ! 00847 Pl ) RRE (13700 Y 0,63
UL OORTL/09/03/RD! 460 % 236 1 232 % 170 % 140 ! G.105B ) 00245 16 ! G50 112955 ¢ 0.EN
13, DBRL/0SS00/NDL 462 ) 2IL Y 23D Y LR % 160 ! 01067 ¢ 0.0248 ! 32,0 ! 70,0 12924 ! 0,64

AVERAGS STRENATH = 9.548) R{n?
STANDARD DEVIATLOK = 0,047 Ninnl
Toefficient af Yariation = 8.062 %
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AFFENDIY §

...........

INDUSTRY C:

TEST: WET COXPRESSIVE STRENGTH (TESTED BETWRSN NCRTAR) CAPFING
DATE INNERSED IN WATER: 5/1/32

DATE TESTED: 9/3/02

DATE NORTAR CUBES ATTALNED LEAST STRENGTH = 3/1/%2

V87RO SARPLE {GERGTH | RREADTH [ REIGHT |ROLLOY  STIR [GRGSS IYOLUKE  IWEIGNT |FAILURE)DENSITY)STRENGTH|
H \NUKBER LTI T \mm (BEFORE CAPPING|AREA H H LOAD  JHG/ad  (W/aed

HE H ' ' HTRE T 1 H H e ' :
| o R R oy | PR Pt R e i R e [ SEEeea————— | e W s i Vomin i | —— "
L] L] L] i [} L] ' ) ' L] L] i [}
11, 1C1709/03/B0 5 462 ) 231 4 230 ) 165 £ 135 ) 0.1087 ) 0.0245 | 32,10 ) 610 11307.7 | 0.67% |
L] L] ! ' i ' L] L] ] L] ] ' "
) L] L] L] L] ) 1 L] [} 1 ] i .
VRNC2/08/0)/86 | 481 232 232 0 10 x 138 ) D.I070 ¢ 0.0248 32,15 ) 2.0 (1235.7 | 0.AR0 |
] 1 ' ] ] 1 1 [} 1 1 (] i (]
" 1] 1 ! 1 ' i l " I ] ] '
V30620570086 | 461 ) 231 ) 231 0 166 x M0} 0.1065 | 0.0246 1} 33.60 | 66.0 [1361.8 | 0.620 |
] ' ] ] 1 ' ] [} [ ] [ " "
r I ] L) L] ' ' ' L] ] ) L] L)
DAL ACH03/03 kg | AG0 ) 230 230 ) 1BE x M0 | 01063 ) 0.0244 ) 31.00 ) 60.5 [1268.4 ) 0D.563
[l ] ] 1 ) ] L] i L] L] ' i L]
' ] i ) ] ' ] ' ' ' ' ' [
V5.0 0C5/09/03/m6 460} 230 ) 231 1 166 x 140} 0.1058 | 0.0244 | 31.55 | §3.0 112309 | 0.558 |
] [} L] 1 1 i i (] ] [ " ] L)
' ' ' " I i ] 0 ] ] U ' '
6. [CB/09/03/RG ) 460 | 230 ) 230 ) 165 x 138 ) 0068 ) 0.0243 | 32.i0 ) §6.E 13103 ) 06N
] ' i i ' ] i ] i ' ' ' "
! ] ] ] (] ] (] [} 1 ] " [] ]
3 T, 0CT/03/03/8G 3 461 5 230 | 230§ 166 x 340} 0.1065  0.0243 ) 33.00 ) G4.0 JIMT.Y | 0.601 |
) L] L} 1 | ] (] ) L] " L] ] []
] ] ' " ' ' ' ' ' ' ' "
B, lCH/D9/03/BG ) AB0 ) 230 1232 ) 16 x 14D E 0.1058 } 0.02¢5 ! 32.20 ) 8.0 11311.8 ) 0.548 !
{od Cood : f 5 B« & f 4
V9, 1C9/00/03/8G 4 452 231 ) 232 1 6B « 140 ) 0,106T G 0.0248 § 33.0 ) 535 (1332.8 ) 0.068 |
) L) ] () ) ] (] ] ] ] 1] L) )
L L) L] ] L 1 L] L) L) ] L) L] L]
110, (C10/09/03/86] 450 | 239 ) 230 ) 170 x 140 ) 0.1068 ) 0,024) 2.5 ) 2.5 12834 ) 0496 |
I i | L] 1 ] 1 1 1 ' 1 ] ]
| ' ] [ ' ' i 1 i " t i ]
VL. CID/09/03 (NG} 461 ) 231 230 | 16M x 138 ) 01085 ) 0.0245 ) 31,30 ) R0.0 [I302.4 ) D4R
L] ' ] 1 ' I ) ] ] ) (] . []
) 1 1 ] L) L] I 1 1 L] L] 1 L]
V2. je12/03/03/88) 450 ) 232 230 ) 168 x 138 ) 0.1067 ;) 0.0245 ) 30.05 ) 42.1 }1224.3 ) 0.400 )
pe ittt i e T e e e PR I Rt T e b T e Pt E P i T e E P A e e T 7]

AYERAGE STRENGTH = 0.55N/mal
STANDARD DEYIATION = D.D52K/wa2
Coefficient of variation = 3,455 %
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APFENDIT 9

TEST: WET COMPRESS(VE STRENGTH (YESTED BETWEEN KORTAR CAPPING|
DATE INERSED IN ATER: 4/4/92

DATE TESTED: #/4/92

DATE KORTAR CUBES ATTAIMED LEAST STRENGTR: 8/4/32

.............................................................................................................

LB/B0DATE \LENGTH)BREADTH | WETGHTHOLLOW SIZR  (GROSS  VOLUME  [WEIGHT [FAILURE;DENG1TY)STRENGTH]
1 \TESTED m e (REFORE CAPPING]AREA H ) L (LORD  LKG/ed (N/med
L H | i o m il ' i e ' }
e e e e R Rttt Joneanans eeeenenns R e e R :
+ 1. DL/OB/04/SK ) 462 230 ) 230 % G5 x M40 30,1063 ) 00244 § 32,26 ) 52,5 [I3M0.6 1 0.434 |
i ] ' i i ] 1 ] ] ] v ' [
] 1 L] L] L] L] ) I ] L] L] ] L]
P (D2/OB/D4/EN ) 461 | 230 | 230 168 x 138 D.I0B5 ) 0.0245 ) 21.50 | S0.0 I286.1 | 0470 ¢
L} ) L} L] ) ) L) L) L) 1 1) 1] ]
] L] L] L] L] L) ) 1 L] L) L] L] L]
P30 I03/08/04/GK | A6T 230 ¢ 230 ) 166 x 140 ) 0.0060 ) 0.02¢5 3270 ) 52.5 (M336.0 ) 0478
| ] I ' i ' ' ' ] ' ] ] '
L] L] . L] r " 1 (] L) ) L) ) L] ]
DAL DAJORJ04/SK ) 460 ) 232 232 0 I6S x 140 ) D.1088 ) 00245 ) 33.88 ! G4.0 066.3 ) 0.605 |
L] ) L] ] L] ] ] L) ] i . ] [}
1 ) | L] ] i ] 1 " ] ] ] [}
V5. IDE/OB/04/5M L 4§1 ) 232 ) 232 ) 16 x 4D | 0.1065 | 0.02¢7 } 23.50 | 53,5 11336.0 ) 0,802 |
i L) L] [} ] ] 1 L) ) ) ) 1 L)
L] | i ] i 1 ] 1 i " L | ]
B, (DE/OB/DA/SN | 460 |} 230 ) 230 § 168 x 138 ) 0.1058 ) 0.0243 ) 32,78 § 55,0 (1M4B.9 ) 0820 |
' ) ' ] | ) [} [ i ' " ' ]
] L] ] L] ] | ] L ¥ " ] i L]
VTOM0T/08/04/5M 460 230 230 [ 165 x 14D} 0.1088 | 0,024) 13340 (60,2 IITL.6 ) 0474
[ ' ] i ' ] i ] " [ i ] i
L) L] L] L) ] L] ] ] [ ) ] . 1
v B, DB/OB/ON/SK | 460§ 231§ 231 ) UGB x 135§ 0.1083 § 0.0245 | 32,70 ) BO.1 V13322 | M1
] L} i 1 ] ¥ ] ] ] L] [} [)

L) 1] ] i ] L] 0 L] ] ] ] . ]
B, (D9/0R/0A/SK | 460 | 232 230§ 166 x 138 | L0087  0.0245 | 32,80 | 50.3 (1336.3 | 0Tl |
L] ' 1 1 (] ) i ' (] i [} [ [
1 ' ' ] i ] ' ] " " ' " "
(10, (DIO/OB/O4/5K) 461 | 230 [ 230 [ IGR w 140 7 0,1060 ) 0.024¢ | 31.50 | §3.§ 137N 7 0561
] I L] 1 | i L] ' 1 i i i '
L] U i L] ] [} L] L] L) L] ] ] L]
AU DIR/OB/0A/SN) 460§ 230 ) 230 ) 168 « 138 ) 0.1060 ) 0.0244 ) 33.05 | 80.5 11355.2 ) 0.476
1 ] ' ] " ] ] 1 ] ] ] W ]
L] [} 1 1 L] ' ] ] ] L] 1 L L]
P13 (DI2/08/04/3K) 460 | 230 | 232 | 165 « 135 | 0.1058 | D.D24§ | 32,50 ) 0.5 131 ) 0T |
b2 et it idis e i ittt et ittt ii ittt ittt i ittt ettt iR E it i iRt it E it

AVERAGE STRENGTH = 0.501N/mal
STARDARD DRVIATION = 0.0428/anl
Coefficient of variation = 8.38) %
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APPENDTX 10

.............

TEST: WET COMPRESSIVE STRENGHT (TRSTRD BETWEEN NORTAR CAPPING)
DATE INNERSED IN WATER: 4/4/92

DATE TRSTRD: 8/4/92

DATE MORTAR CUBES ATTAINED LEAST STRENGTH: 8/3/32

..............................................................................................................

US/NOISANPLE  LENGTRIBREADTAIRRIGRTINOLLOY STZE 0ROSS  (VOLUNE  (WEIGHT {FALLURK.DRNSITY.STRENGTH!
Coa ‘v lam BRFORE CAPFINGIAREA () MG ILOAD  (XG/ed Nma2 |
Eod E ol g jeew W b - .
E'EZ-QQi;;;};;;;;..E-;;;"E'.;i;..E.i;;--il'i;;';';ii“--? 01082 E 00242 | 31,08 % 10.50 11281.6 E 0091
kShs : . . : :
i 2. {nz;aa;n‘z:s { " % 20 % 28 i 186 1 140 E D60 | 0,0240 E 2.3 i §0.15 ii:rz.u E 0.561 E
E 1. E:Jlﬂlfol!lu % w0 E 0 % us E 170 1 13§ E 0. 1058 é 0.0241 % 19.10 é §0.30 iil!!-l é 0415 !
E i, EIUIIIII;'IE E 152 i bRt i 230 ‘; 168 « 140 % 0.1072 % 0.0247 i .40 E §0,30 E”ll.l i 0.563 i
i 5. Elliﬂi!tl!lﬂ E 0 E 2l i 1w E 168 v 136 i 0.1082 i 0.0244 i 12.00 é 55,80 illi!.l % 0,528 E
é 5. Elifﬂl!llflc E W0 E 20 % m é 168 x 138 § 0. 1058 E 2.0242 é .30 é 0,50 élJlT.l E 041
E 1. EET!BIE!IIIB E 1 E m § 0 é 10 x 138 E 0.1060 E 0.0244 E 320 E 51,00 §i1¢|.4 g 0,604 %
E i ins;on{eo;xc E " E 0 E 18 E 10« 1 E 01060 i 0.0242 % 3.0 i §2.580 E:::s.; E X
E 0. IR/O/OIG | 450 ; m | E Tk 0 D008 | 0.0241 {304} 550 {1386 | 0619 |
. : . : : Sn il e :
Ell. Es:u;n:;o4;:u % i § 2 i 2 i 166 1 140 % 01058 i 00243 i WA L0 13T i 0.531
it .
Ell. %xll!alfnlfls i (%0 i 0l E ) i 168 x 140 E 0,106 E 0240 i 0. E .10 illll.l E 0.508 E
2. TRI/OB/ON/NG | 480 1 200 1226 1 100k 140 | 0.1088 | 00038 | 9,65 1 63,00 {14003 § 0,588
ikl oM s By B sk S b s R o B s bttt Sy
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AVERAGE STRENGHT = 0,547 %/ual
STANDARD REVIATION = 0,068 N/aal
Coellicient of varialion = 12.433



AFPENDIX 11

TEST: WET DEVELOPMENT STRERGTH
DATE IMHERSED IN WATRER: 4/1/52

...........................................................................................................................

1S/H0 | DATE | SAMFLE {LENGTH!BREADTH!HBIGKT |ROLLOW  |GROSS  [VOLUNE  [WEIGHY |FAULURE}DEKSITY]STRENGTH)AVERAGE |
b \TESTED  |KUMBER LTI L] i (BILE JAREA HE i J0AD  RG/m)  (H/wed  (STRENGTH]
. I H ] H HURE TR : | LU R | Wil
jome|menerane. gl e e g [EpAasaia jmemmmenas jreeeences jraceear jraeiaed ot jrassedas e pRandes '
i JALJOB/03/ZR | 461 } 230 | 220 }iSE x 1407 0,1060 | 0,023 | 24,85 } 31.50 [1066.3 | 0.287 ;
VA ME/30T (ALJ0SJ03/2R } 46T ) 231 ) 221 (168 x 140) 0.1085 | 0.0235 | 23.30 | 27,00 [1015.5 § 0.284 | 0.24 |
} 3 | WS/S/03/ZR | 460 | 231 1 22 1110 ¢ 135} 01063 | 0.0236 | 20.65 ) 19.50 }1002.6 | 0.27 | ;
1 ] 1 1 1 L) ) ) ) ] ] ) ) [ [
1 ) ) | 1 L] I 1] 1 ] ] ] L] L ]
4 IAG/OT/03/IR | 460} 200 ) 220 IG4 x 136) 0,108 | 0.0203 | 24.15 | 48.00 J1037.3 ) 0.484 | :
U8 113/ JAB/0T/03/2R | 462 | 200§ 221 1166 x 138} 0.1063 } 0.0235 1} 24.50 ) 5150 110423 0.085  0.45
h. IAS/01/03/28 | 460 1 232 | 220 1166 x 140} 01067 } 0.0248 23,20 | 47.50 } 979.2 1 0048 |

) ' ] \ 1) i ' 1 4 LS 3 L) W ' '
L] ) L] L] L] [} i I I L) L L] ' " L
' ¥ § WIUT/O3/2R § 462§ 230 221 {170 x 138} 0.106) | 0.0236 | 23.50 } 64.50 [1000.7 | 0.607 | ’
V8. LI1/3/92 MAR/IL/03/IR L 460 ) 230 ) 220 168 x 135} 0.1058 | 0.0233 |} 23.70 } 55,00 110182} 0.520 | 0.5 |
19, O/IT/03/IR | 460§ 231 | 220 166 x 134 0.1063 | 0.0236 1} 24.50 | 53.50 [1038.5 | 0.560 | :
i ' ' ] 1 " 1 (] ] ' . ' 1 ' [ '
] ' ' L] I ' 1 i 1 h ] ' 1 1 (] "
e, TAIOJIR0I/ZRY 461 ) 231 ) 222 0GR « 138} 0.10G5 ) 00236 ) 23.85  53.50 j1000.4 ) 0.543 | :
ML 187352 INN/IA/03/2R 460 | 233 1 2R1 1166w 1A} 01067} B.0236 ) 24,15 1 66,00 110240 § B82S | 0.5R
. ) WIZ/IB/ONZR 461 | 200} 220 D170 x 138) 01085 ) 0.0238 2575 ) 70.00 L0ad. } 0,687 | :
[} [] ] 1] ] ) ] 1 L] L) (] (] (] (] '
U " | ' | ' ' | " ! ' " " ' .
1Y PALI/IS/00/TR} 462 | 230 3 220 (166 x 140} 0,1083 | 0.02M | 23,55 | 46.50 [1007.4 | 0.43% H
VI G28573/90 TAMES/03/TRT ARD G 231 ) 222 DN6B x 136} 0.1063 | 0.023F | 26.05 ) 850 [1104.3 D AMZ 1 0.6) |
1 T JAISJ25/00/2R) 461 ) 230 ) 221 ATO x 13B) 0.1060 1 0,023 | 26.25 ) 63.00 }1077.6 ) 0534 ) '
] ] i | ] ' ] | ] | i ] ] ' ]
L] 1] 1] ] 1 L] L] [} ] " L) ] 1 L) L]
H 1 B PAIB/OI/00ER) 462 1 231 ) 222 )165 x 140} 0.1067 ) 0.0237 ) 24.B5 | S2.00 }1049.9 ! 0.432 | :
VT L8 JALT/01/04/IR) 461 ) 230 | 221 168 £ 138) 0,1083 ) 0.0235 ) 23.80 ) 715,00 11013.5 ) 0.706 | 0.59 |
i1 A JAIBJOL/O4/2R) 461 | 230 221 166 x 140} 0,1060 | 0.0234 ) 25,35 | B1.00 }1107.4 ) 0878 H
=====:I:t:::::S:::::::!I!!:3=':S!!:!!2::..::3===:=S:S:t:3===:=3222:23:2:===2!::2::::i‘l:l!:2:2!!:l!::'3=l=!=!==2=t==¥=xlll!
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APPENDIX (2

TEST: WET DRVELOFMENT STRENATH
DATE JHMERSZED IN WATER: 4/1/92

oo A Sntaedaty Retyrrnl el (Pl I el | Ty Y o B | TR e L] | i | P i) | FoCTEEae []
] ] 1 (] ] L] 1 L] i L] L] L] L] L] Ll
T i : | i H | | i ] : : H '
VS/NOJDATE ) BAKFLE FLENGTH | BREADTH NRIGHT HOLLOY  |GROSS  \VOLUME  WEIGHT |FATLURK;DRNSITY|STRENGTHIAVERAGY |
| \TESTED  |NDEER i o e ISR REA m K6 (LOAD  |RG/m) iN/eal  (ETRENGTH!
HE i | H ! 1 m jal | ! H / } Wil
jreenranesenne jroensseareas jemress jermesye Jrapans jrromnnane jrnnamanes jrransnnes Jremensy jrommers jrecnnra (rmonEras grmsennse :
bite '} UBI/D5/0/KD § 460 | 231 ) 221 )66 x 140) ©.1063  0.0238 ) 23.¢ 515 ) 9364 ) 0.5 ) }
bz, S/3/%0 B2/04/03/ND ) 463 1 230 ) 221 1170 x 138} 0.1065 ) 3,0205 | 25.6 ) 22,0 }1087.8 % 0.200 | 0.8 !
i TRIZIB/01/HD L AED ' 230 ) 222 )1RE x 10} 0,105 ) 0.0235 ) 244 ) I (10388 ) 0007 | :
L] L] L) 1 (] ] L] 1 1 i L] ] (] L] )
L] ] 1 I L} ] L L] L] L] L] ] 1 L} L]
VA2 (BADT/03/RD } 460 ) 232 ) 227 1165 x 135) 0,107 ) 0001 ) 264 ) 33.0 (1122, ) 0.5 | :
big 1BE/01/03/KD | 460 | 231 ! 221 (066 x 136 01085 § 0.0236 | 6.2 | 2.6 00033 ) 0.681 § 012
6 YBEIOT/ON/ND } 4L | 231 | 221 (168 x 138) 0.1067 1 0.0238 255 | SRS [1081.2 ) 0.848

i1 ' 1 ] ] (] (] 1 } i ] L] (] [] [
] ] L] 1 ] L] L] ] L] ] L] L] L] ] '
H P WT/LL03/R0 | 462 ) 230 ) 221 16 x 138} 0,186 ) 0.0235 ) 22.75 ) R4.0 ) SRAR ) 0.602 | :
PRALLAOT IRRTE/OI/RD | B2 Y 231 ) 221 DI66 x 140} 01083 ) 0.0234 ) 25.30 ! 88,5 )1082.) | 0.83) | 078 !
5 DROAIIJ00/XD ) ARD ] 200 ) 220 166 x 125) 0,2058 ) 0.020) ) 26.50 ) 95.2 ;1135 ) 0.%e0 ! :
] ' L] ] ' [} " (] ] (] ] ] ] ] i
i I 1 ' (] 1 [} i ] (] 1 ' 1 " .
o ! (BID/IB/03/RD} 480 ) 231 ) 221 1170 x 138) O.1065 ) 0.0235 ! 25.50 ) 95.5 1108s.5 ! 0.R37 | '
YO8, TEF3792 IBUIZIR/03/KD! 46T ¢ 232 | 226 (168 x 140% 0.1070 ¢ 0.0235 ! 25.60 [ 72.0 ([088.0 ¢ 0.673 ! 0.79 !
H R PBI2/1B/03/K0) 463 ) 232 ) 213 (170 x 035} 0.1074 ) 0.0235 | 26,80 ) BE.5 J1126.5 1 0.T87 |

] (] | (] 1 (] A ] ] ] (] 1 1] [] ]
] 1 I L] [} ] 1 1\ [ [ 1 1 1 L] L]
i3, PBI/25703/K0) 461 ) 232 ) 220 (186 x 135} 0.1070 ) 0.0235 ) 28,85 ) 7.5 10132.5 ) 0,681 | I
V4L 12573792 BIG/25/03/K) 460 ) 230 ) 213 165 1 140) 0.1058 ) 0.0232 ) 26.8% ) RO.5 DISA.R L 0.687 ) G.R4 0
H 1 JBISJAB/03/KD) 462 | 230 ) 220 986 x 135 0.1057 ; 0.0235 | 25.75 ) 0.0 }I096.7 0,567 ! !
1 1 L) ) i ) 1 ] ' 1 L] ' ] ] ]
1 ] I 1 ] 1) ] A 1 1 ] I L} L]
. | UBLG/01/04/K0) €AY | 231 ! 220 1170 x 140) 0.1070 ) 0.D235 | 27.0% DRLS LI0.6 ! 0RTE | ;
VT N3 IRIT/0I/04/KDY 4RO ) 230 ) 221 168 x 18] 0.1063 | 0,0235 ! 24,20 | 63,0 r040.5 ) 0649 } 073 )
M | IRIB/0L/04/ND} 460 ) 230 ) 201 168 1 136} 0,1058 ) 0.0234 ) 20.65 ! 5.0 1054.2 % 0.709 ! ;
P EEISIEET IS IS EIISEIIEIIIITIIIIIIIESISICIRIZISEIICIZSSITICIISIIIICESSTISIITESSISIEzcIIIEIETISIIEIEISEISIsIssIIac
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APFEKDIT 13

IRDUSTRY C:

TEST: WET DEVELOFMENT STRENGTH
DATE INNERSED IN ¥ATER: 4/03/92

\8/KO DATE | SANPLE | GERGYHBREADTH MELGHT | HOLLOW  (GROSS  [VOLUME  |WEIGRT |FATLUREIDENSITYSTRENGTH|AVERAGE |
} \TESTED  INUMBER o im TR 1ARER H Y Y (LOAD JEG/e) (Wjwal  (STRENGTR)
o | | | : wrwm el i : L B H Wl
e oeeeennanes e e e foveenees e B o e — :
HE T \C1/05/03/RG § 46 | 230 | 220 (170 « 134 O.1065 | 0.023 2645 | 41,5 (1029.0 0,446 | i
V3, 16/3/92  (C2/05/03/BG ) 460 ) 231 | 218 (170 x 138} 0.106) | 0.0232 | 20,88 | 20.0 (10333 o.1AR | 0.0]

HE A C3/05/03/86 | 460 ) 200 ) 221 165 x 135) 0.1088 ) 0,023 ) 24.65.1 3.5 [1084.2 | 0344 i
] i 1 | ] ' | i ' i ] ' i ' '
] i ' | i ] | [ ' ' 1 i ' ' |
P 4} {CA/OT/03/BG | 4RI ) 232 | 220 G168 x 136 0,1070 | 0.0235 25,75 | £2,0 104 ) 0,486 | i
v 6031392 (ckjot/ea/mg § 460 ) 231 ) 218 (166 x 1351 D.1063 ) 0.0232 | 25.10 ) 45,0 1109.4 ) 0423 | DR
1 6} JCB/07/03/BG | 463 | 231 | 222 166 x 136) 0.1070 | 0.0237 | 25.95 | 112.0 [1092,3 } 1,047 | :
) L] L) ] L] ] I ] ] L] 1 ] 1 (] )
L] L] L] L] 1 ] (] ] L) ] | ' | L] L]
t \CHITT/03/8G | 460§ 230 | 220 165 x 140) 0.1058 | D.0233 | 26.15 | 65,15 [1123.5 | 0619 i
P8 T11/3/92 (CB/11/03/BG | AB2 | 230 221 (166 x 136) D.1063 ) 0.0235. ) 25.45 } 5.0 [1033.7 § 0423 | 066 !
HE T 109/11/03/B0 § 460 ) 230 222 [I6B « 134 0.7058 | 0.023F | 22,60 | 99,0 I004.8 | 0,940 | i
1 ' ] 1 [ ] 1 ] I ] | | 1 I ' [
L) ] ) L] ] [} ' ] L) [ ! L 5 L
| (C10/18/03/86, 462 ) 230 ) 220 (170 x 134 0.1063 | 0.0234 | 25,30 | §7.% [1082,3 | .51 | '
JI0, S1BZ3/30 (CLI/IR{03/BG, 460 ) 231 | 220 168 x 140 0.7083 | 0,021 | 22,75 ) 63,0 | 373,2 ) 0.53) | 0.K§

HL (CIZ/18/03/BGY 46D | 230 | 220 168 x 18] 0.1058 ! 0.0233 ! 26.90 ; BB.§ 1195.7 { 0.8} |

L] ' ] 1 ' 1 1 1 1 i ] ] ' '

1 i ' ' ' ! ' 1 1 ' i ' ] "
P yP13J28/03/BRY 46D | 233 | 222 (165 x 136} 0.1058 | 0.0233 | 21.25 | T35 |116@.2 | 0.835 ) '
VUL 12873030 (CHAJ25/03/R6) 462 ) 231 | 221 JI6R x 126} 001087 ) 0.0236 ! 24.55 ) 62.0 JIB4N.3 ) 0.581 1 0D )
o ([CIS/26/00/B67 460 | 231 221 ()68 x 135 0.1063 | 0,0238 ) 25.30 | S48 (1007.4 ) 0513 |
i ) ' " ] ' ' 1 ' i i ' i ' i
' L] L] ’ L] L} L] ) ] ] (] ' ] L]
T \CIB/OL/04/RGY 46T | 231 | 220 167 x 140) 0,106 | 0.0234 ) 28,05 ) 66,5 110820 | 0,824 |

AT 43T C1T/01/04/R0] 48 3 230 ) 220 3170 g 138 0,006 ) B.0234 ! BG.RD L 72,0 10360 ) DLRTE b 0.6R
(LA 1C18/01/04/R0; 462 ) 211 ) 221 }16R x 136} 0,1087 | 0.023% | 25.40 ) 79,0 }1067.3 } 0.0 | :
BRI NI TSI I I I I I RIS T I I IIE IS e T eI s EIS 2 2SRRI
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APEENDIX 14

TEST: WRT DEVELOPWERT STREMGTH
DATE IMMERSED IN WATER: 3/4/92

15RO DATE \SAKPLE JLENGTRIRREADTH I MEIGHT BOLLCY  (GROSS  [VDLUKE  [WELGHT JFAILUREDENSTTY,STRENGTH | AVERAGE |
v \TESTED  |NUMRRR e m H LT 144 VAREA Y H AWOAD  (KA/ad (N/wal  (STRENGTH]
HE ' H : | jan xoaa (a2 d ' meoo i ML
I R fremaneaeees o R o foenmeeen freeeneas e e R o foeenees !
B IDIZOA/OU/SN | 461 | 230 | 222 166 x 136) 01065 1 00836 | 257 1226 (10AT.1 10201 | |
2009 DAOAIOL/N L ARD L 200 221 16 & 10N BASA L 00RM § 24 L ABS LINRRE i eel Lo )
R IDI/O4/00/SH | AB2 § 231 ) 220 1165 x 136} 0.1067 ) 0,020 }26.6 | 40.5 (1074 ) 0.0m |

b | S : : T TN : :
e J0S/0S/00/5K | 460 | 230 3220 1166 % 134] 0.1088 § 0.0233 } 5.2, [ 86,0 110827} 08D | i
U, JR/A/92 IDS/06/00/SN | A4S0 } 232 1220 168w I} 0,087 | 00206 268 6.5 (1002 0.1 | 083 |
) \DR/06/04/8N | 461 | 230 | 221 (168 x 136 01066 | 0.0237 | 266 | GL0 (120,11 0400 |

i | L ] ] 1 ' 1 | i ' i ] ' '
1 ' 1 ' 1 ' | ' i ' ' ' ' 1 '
g IOT/O/0A/3K § 46T L 230§ 221 IR w 13B) B.10RD ) .0235 ) 26,5 ) A0R.D S1088.3 % 1.0i6 | :
LB LI0/4/92 [DRI0/04/SK ) 4R1 ) 230 ) 220 164 x 135) 01060 ! 0.0203 ) 25,5 | 5.0 110932 ! 0519 1 0.66 |
s RZID/DEISN L ABD W ) R LI6R x A3 B0ET } 00235 3268 ) AR5 111206 0.3 '
) ] ’ [} | L] 1 1] ] I ] ) ] L] ,
' " ' ] | " I [ 1 . ] 0 1 ' ’
o, | SDIO/UT/0A/SNE 460 1 231 | 213 166 x 135} 0,106 | 0.0233 | 26.85 | 615 [1163.8 ) 0.579 | :
VIL JITAA/92 DEL/VT/04/SHY ARD 1 231} 219 (166 x 18] 0.1063 | 0.023) ! 26,80 ! 63,0 10358 ) 0593 | 089 !
Mt IIR/1T/00/SH) 462 | 200 | 220 [166 x 136} 0.1083 | 0.0214 [ 26.50 | 8.5 11139} 0.63 ! :
] i ' i ' | ] ' ' ' [} ' ] ' i
1 L) \ L] L ] L] ) ] . L L] ] L] )
133 4 (DI04 /SK; 460 | 231 218 (166 x I3R) O0,1083 | 0,0233 | 24.50 | (10528} 0501 | ;
VLSBT (D424 045K) 468 | 230 | 220 (166 x 138) 001063 | €.023% | 22.60 | R1.0 | 3605 ) 0,781 ) 661 |
5.} DIS/24/00/5K) 461} 200 ) 201 168 x 140 0.1080 | 0.0234 | 25,30 } 61.5 (10797} 0.5%% ) '
I ' 1 1 ' 1 ' i T ] [ 1 I ' T
I ] i 1 L] I ] ' ' ] ' ' 1 i 1
H | 18- \DIG/BI/05/6N) 460 | 231 ) 222 1170 « (28 0,106 | 0,023 | 25.3 | 61.0 i072.5 | 95T | H
TN U9 SDIR/OVI08SKY 461 230 221 DGR x 13B) O.1060 ) 0,023 ) 6.4 ) BG5S JNIZALA D 0.B3) 5 0.BE |
1 | I+ (DI8/01 /05 5K} 462 | 233 | 221 (166 x 140} 0.1072 | 0.0237 ) 26.5 ) 93.0 [1118.7 ) 0.868 | )
(it e s s bbb it P i it b it i bt iat it ittt ettt iit i bittd it iteti it it iitidattbidtitstittitistttisttietiiitt ittty
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APPERD

X 15

TERT: WET DEVELOTKRET STREUGTH
DATE THRERGED INWATRR: 3/4/92

IS/HDIDATR  'SAMPLE ILENATH  BREABTH!HEIGHTIHOLION  |6ROSS

! )TESTRD  |NUWRRR e lan 'em MSIZE AREA
o g ' g | ym oy an jal
e S e R M R oo
Pl VER/RA/00/RG L 460 % 230 1 282 LI6T x 108) 0,108
D, U404492 UEZ/0A/04/KG D 460 1 231 ' 220 1156 x 1407 0.105)
Ly, VEMO4/00/RG L 50 Y 430 ! 220 'UGK 1 115! B.10%8
] 1 [} | 1 ] 1 1

1 1 1 ] ) 1 1 1

V) IRATOB/OM/KE ) 460§ 200 ! 231 168 % 136¢ 0.1059
DS, URL92 CESJOR/DAZNG | 4GH 1 230 4 222 NITO 1 13K 0.1058
. YEG/0G/04/RG T 460 % 230 ! 230 'IGE x 136! D.1058
1 1 1 ] ] 1 1 i

] 1 ] 1 ] ] I 1

CL TRTFIB/0A/RS L A60 1 210 ! 220 169 x W36 0.106)
U8 IafIE REA10J04FRG | 46T 3 230 ) 230 (A6 x (38] %.1067
190 VEIS10/04/RG | 461 ) 230§ ZE) JLGE 1 140} C.1u6b
] 1 1 1 1 L] | i

1 | | 1 1 1 | 1

e TRIDATFON/NGT 462 ) 230 ) 220 (168 x 135 0.108)
G LLTHA9Z IRII/IT/RRE] 461 230 ¢ 20 (BB & (36! B.1065
e VRIZZIT/04/XG) 461 ) 210 1220 YLYe x 035) n.10Gh
I 1 1 [] 1 L 1 1

1 | 1 L] ] ] I |

Ha, IRIJ24/00/RAY 160 ) 230 % 318 116G x 135! 9.105R
THL T8 IRIM24P0EIRGT 460 L B0 1 22n I6E & 135 841060
HEI BUAJ24f04IRGS AGL ) 231 L 2RD (166 x 138) 0.106%
(] ] 3 ] I 1 | |

L] ] ] 1 I ] ) ]

6, ! IBIG/DL/05/RGE €62 | 231 ' 220 ‘166 « 14! L1067
N7, 078792 CRITSUIOS/NGY 46 1 330 L 320 1IRS x 125 1,106
‘g, ! TRUAJNL/O5/RG) 461 1 230 ) 222 U168 « 136! G, 10RD

114

n.0ad4
B.0233

00234
0.0815
00233

0.0
0.0236
0.8

00244
0, 1238
0234

2.0101
b0
0.024

b.0235
p.00M
§.0224

IWELOKT [FAILURE]DENSITY  STRRHGTH | AYERAGR
. {hOAD  SRGImd IH/mad  (STRERRTH
) U : IHfant

| I | [, | | I, [
1 1 L) 1 !

L25.T0 Y A8.E 110942 ) 0273

D O3AR L B0LEE LIBYLT L D ATE 0.3
L3480 3 30,45 1082.6 % 1.288 |

] 1 ] ] 1

V26,60 1 BE.I0 111004 | 0536 )

L 38.05 ) 59.B0 (L1095 3 0LRRE 0,02
V26,85 | 80,80 [1054.T | 0762 |

] 1 1 1 |

126,50 1 8680 (11936 ¢ 9,55 )

£ 90.60 1 26.95 LBST.T { B4R {066
L 26,05 ¢ 60.50 11059,0 | 0.469 |

1 1 1 1 1

! 1 ! 1 '

VRRER L OTELR L1092.9 | 0.6H2 )
25,95 LGN (106 ¢ RLERY ¢ nUSK
1T I PR T T I X M

i : ' : i

U 2E.55 1 7156 '1181.1 | 0,695

VAR LGB LR L RRET Y bR
1204k ) G240 1000.9 | 686 |

1 | 1 1 L]

o 26085} 85,30 100828 | n.EDD |
VABRE ) ORRID MY L ORER L LR
et 15 ) b4 B0 SI036.0 1 0,611



APPLNDIX 16
INDUSTRY A
TEST: MORTAR GUBES STRENGTH

DATE TMMERSED IM WATER: 5/03/92

S/N DATE  SAMPLE AGE OF TAILURE STRENGTH AVERAGE STRENGTH

TESTED NUMBER CURING LOAD N/MM2 N/MH2
(DAYS) KN

i A1/06/03/ZR 1 114 23.27

2 6/3/92 A2/06/03/ZR 1 121 24.69 24.01
3 A3/06/03/7R 1 i18 24.08

4 A /0T/03/ZR "2 126 25.71

5 T/3/92 A5/0T/03/IR 2 125 25.51 25.78
6 AG/OT/03/ZR. 2 128 26.12

7 AT/08/03/7R ! 136 27.76

8 8/3/92 A8/00/03/7R 3 135 27.55 27.76
g A9/0B/03/2R 3 137 27.96

10 A10/09/03/ZR 4 141 28.78

1t 9/3/92 A11/09/03/ZR 1 138 28.16G 28.71

12 A12/09/03/ZR 4 113 29.18



APPLCNDIX 17
INDUSTRY 8
TEST: MORTAR CUBLCS STRENGTH

DATE IMMERSTD TH WATER: 5/03/92

S/NO  DATL SAMPLE AGEE OFF  FATLURE STRENGTII  AVERAGE

STRENGTH
TESTED  NUMBER CURING  LOAD N/MM2 N/MM2
(DAYS) KN
1 B1/06/03/KI) 1 107 " 21.84
2 6/3/92 B2/06/03/KD i 121 24,69 23.06
3 R3/06/03/KD 1 i1 22.65
4 B4/07/03/KD 2 130 26.53
5 7/3/92 BS/07/03/KD 2 125 25.51 25.71
6 B6/07/03/KD 2 123 25.10
7 B7/08/03/KD 3 132 26.94
8 8/3/92 BB/08/03/KD 3 137  27.96 27.48
9 B9/08/03/KD 3 135 27.55
10 B10/09/03/KD 4 140 28.57
11 9/3/92 B11/09/03/KD 4 141 28.178 28.44

12 B12/09/03/KD 4 137 29.96



APPENDIX 18

INDUGTRY €

TEST: MORTAR CUBES STRENGTH

DATE TMMLRSED It WATCR: §/03/92 .

AREA OF CUBE ~ (70 X T70)MM2

S/NO DATE  SAMPLE AGE OF  FAILURE STRENGTH AVERAGE STRENGTH
TESTED NUMBECR CURING LOAD  N/MM2 N/MM2
(DAYS) KN

{ C1/06/03/86 1 117.0  23.88

2 6/3/92 €2/06/03/BG 1 108.0 ) 22196 24.01
3 C3/06/03/86 1 112.5  22.96

A C4/07/03/8G 2 121.6  24.82

5 1/3/92 C5/07/03/8G 2 125.7  25.65 24.64
6 C6/07/03/8G 2 114.9  23.45

7 €7/08/03/BG 3 131.0 26,73

8  6/3/92 C8/08/03/BG 3 123.5  25.10 26.29
9 €9/08/03/8¢ 3 132.5  27.04

10 c10/09/03/BG | 136.0 27.76

11 9/3/92 €11/09/03/8G 4 142.0 28.98 20.03

te C12/09/03/BG 4 134.0 27.35



TNDUSTRY D
TEST: MORTAR CUBES STRENGTH
DATC IMMERSED IN WATER: 4/04/92

ARCA OF CUBFE - (70 X 70)MM2

S/NO DATE  SAMPLE AGE OF FAILURC STRENGTH AVERAGE STRIENGTH
TLSTIID NUMBER CURING LOAD N/MM2 - N/MM2
{DAYS) KN
1 D1/05/04/5M 1 117.00 23.88

2 5/4/92 02/05/04/5M 1 106.00 21.G3 23.33

3 D3/05/04/SM 1 120.00  24.49
4 D4/0G/04/SM 2 131.05  26.75
5 ©/4/92 D5/06/04/SM 2 118.8  24.25  25.10
6 D6/06/04/SM 2 119.1  24.30
7 DT/0T/04/SM 3 1325 27.04

8 7/4/92 08/07/04/5M 3 134.0 27.35 27.38

9 D9/07/04/5M 3 136.0 27.76
10 Mo/07/04/SH 4 137.0 27.96
11 8/4/92 D11/08/D4/SM 4 145.0 29.59 28.98
12 D12/08/04/5M 4 144.0 29.39
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APPENDIX 20

INDUSTRY L

TEST: MORTAR CUBES STRENGTH
DATE TMMERSED IN WATCR: 4/04/92

AREA OF CUBE - (70 X TO)MM2

S/NO DATE  SAMPLE AGE OF FATLURE STRENGTH AVERAGE STRENGTH
TESTED NUMBER CURING LOAD  N/MM? N/MM2
(DAYS) KN ‘
1 E1/05/04/KG 1 102.50  20.92
2 5/4/92 [2/05/04/KG I 110.00 22.45  21.53
3 E3/05/04/KG 1 104.00 21.22
A E4/06/01/KG 2 122.00 24,90

5 6/4/92 E5/06/04/KG 2 121.00 24.69 24.49

6 E6/06/04/KG 2 117.00 23.88
T E7/07/04/KG 3 120.50 24.59
8 7/4/92 E8/0T/04/KC 3 121.00  24.69 24.45
9 E9/07/04/KG 3 118.00 24.08
10 £10/03/04/1KG 4 140.00  28.57

11 8/4/92 E11/08/04/KG 4 136.00 27.7¢6 28.16

12 E12/08/04/KG 4 138.00 28.10
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CALCULATION OF ABSORPTION OF WATER

INDUSTRY A
Average Weight of 3 blocks air dry = 21.7bkg
Avaerage Weight of 3 Dlocks immersed in water
for 48 hours = 23.95kg
Waler Absorption = 23,95 - 21.75 x 100
21.756
= 10.11%
INDUSTRY B
Avarage HWeight of 3 blocks air dry ‘ = 22.58ky
Average Weighl of 3 blocks immersed in water
for 48 hours = 24,85kyg
Water Absorption = 24,85 ~ 22.58 x 100
22.58
= 10.05%
INDUSTRY €
Average Welght of 3 blocks air dry = 24.23kg
Average Waight of 3 blecks immersed in water
for 48 hours = 25.80kg

Water Absorplion = 25.80 - 24.23 x 100

24,23
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INDUSTRY D

Average Weight of 3 blocks air dry = 23.72kg
Average Weight of 3 blacks immersed in water
for 48 hours = 25.80kg
Water Absorption = 25.80 - 23.72 x 100
23.72

= B.07%
INDUSTRY L
Average Weight of 3 blocks air diy = 22.67kg
Average Weight of 3 blocks immersed 1n water
far 48 hours = 25.70kg

m
-4

Water Abzorption = 25,70 - 22.67 x 100

22.G67
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APPCNDIX 22
DETECRMINATION OF SILT CONTENT
INDUSTRY A

A. "SIHARP " SAND

Heighl of sand

Height of sand ' silt =
:. Height of silt =
% of silt

B. I80rT" SAND

Height of sand

Height of sand + silt =
:. Height ol silL =
% of sill

INDUSTIRY B

"SUHARP” SAND
Height of sand |
Height of sand + silt =
;. Height of silt =
% of silt

B.  ISOIT” SAND

Height of sand =
lleight of sand + silt =
. Neight of silt =

% of silt =

= 75m1

= 5/80 x 100 =

= 833m?
94m1

1imi

11/94 x 100 = 11.

= 84m1 ..
88m1
It

= 4/88 x 100 =

76m1
85m1
9ml

9/85 x 100 = 1
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INDUSTRY C

A. “SHARD™ SAND
Heighl of sand

Height of sand 4 ailt
. lHetght of sill

% of silt

B. "SOCT"_SAND
Height of sand

Height of sand + silt
. Haight of silt

% of silt

NOUSTRY D

A. CSUARPT_SAND

Height of sand

Height of sand + silt
. Hejght of 571l

% of silt

B. “GOFT” SAND

Height ol sand

Height of sand + silt

:. Heighl of silt

% of silt

n

aoml

5m1

76m!

a8ml

12/88

8/88 x 100 = 9.

76m1
89m1

13m1

/80 x 100 =

12m1

x 100 . 13.64%

80m1

8m1

13/89 x 100 =
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A. "SHARP™ _SAND

Heighl of sand

Height of sand 1 silt
. Height of silt

% of silL

B. “S0rTT SAND

Height of sand

Height of cand 1+ silt

“:. leight of silt

% of silt

= “78m1
a4m]
fml

6/04 x 100

=

= 7oml

= 1am]

: 14/92.5 x 100 = 15.14%
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APPENDIX 23

THDUSTRY A

Volume of sand = 1000m1

Volume of wate: ; 1000m1

Volume of mixture 164n1

:. Voids in sand = 1000 —~ GAO - 360m]

% porosily - 360 x 100 = 306%
1000

INDUSTRY [

Volume of sand = 1000m1

Volume of walei : 1000m1

Volume of mixture = 1670m]

:. Voids in sand = 1000 G670 = 330

% porosily z 330 x 100 - 33% ”
1000

INDUSTRY C

Volume ol sand = 1000m1
Volume of walter = 1000m1
Volume ol mixture - 1T00ML
. Voids in Sand - 1000 -~ 700 = 300
% porosily 300 x 100 - 30%
1000



Volume of sand = 1000m1
Volume of water = 1000m1
Volume of mixlure - 1620011

. Voids in Sand = 100 - 620 = 380m]
% porusily = 280 x 100 = 38%

1000

INDUSTRY E
Volume of sand = 10001
Volume of water = 1000m]
Volume of mixture = 1660m1

. Vouids of Sand 1000 - G660 = 340

% porosily 340 x 100 = 34%

1000
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APPENDI X 242 BLOCK MAKING MACHINE

FRONT viEw

VIBEROBLOC
Rosacome TTA
MiLAaND
Med, vicINQuE
Brev. Mend,

— .
1—-—-—-- —— e —DJ

V5-p



APPENDIX 25: BLOCK MAKING MACHINE

DETAIL OF THE LOCKING DEVICE
OF THE UPPER CROSS BEAM

three phase electric net

tocking device switch with fuse —

SIDE_VIEW.

S
_L_:Jr —LI_1

——ﬂsmm.—-——-l V5P




APPENDIX 26: BLOCK MAKING MACHINE

CROSS SECTION
WITH PRESSING STRIPPER UPWARD

12

SECTION OF THE YIBRATOR

O Ry I i
B et

5P

16



