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ABSTRACT
Nondestructive testing is used to obtain material properties of in place elements of a structure

without destruction of the specimen. Concrete being an integral part of construction, knowing

the strength of it before commencement of construction is very important. Knowing the

strength is also important throughout the life of the building. For one to be able to know the

specifications of cast- in concrete the 28-day compressive test on cylinders and cubes is

important which is cast from the same concrete mix as the structure. This is a representative of

the cast concrete strength. However, not all times that the cubes will represent in-situ

conditions various factors influence variations including age of curing, type of aggregate and

size of aggregates.

There are various methods of nondestructive testing methods that can be used for determining

the health of an existing structure. The rebound Schmidt hammer was chosen for testing. It is

used to determine the strength of concrete which works with the principle of rebound from an

elastic mass which depends on the hardness of a surface against which the mass hits.

The laboratory test for strength of concrete requires one to load the cast cubes and cylinders to

be loaded to failure. This may result in actual determination of strength of concrete but may

not necessarily depict actual strength of building knowing there I addition of reinforcement for

the same.

The aim of this project is to obtain calibration curves for the rebound Schmidt hammer and

hence determine the strength of the Civil engineering block building in relation.
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1. INTRODUCTION

1.1 Introduction

Due to the current growth of the infrastructure sector in the Kenya in accordance to the Kenya

Vision 2030, urbanization of various counties will widen and the technology being used

improved. This means the buildings coming up and existing buildings need frequent checks to

help monitor the health of the building. Therefore, suitable methods of testing to be used to

check whether the structure is suitable for the designed use and whether the components of

the structure are able to perform their functions well with less maintenance to it. Hence, the

use of non-destructive testing is appropriate to use.

Most importantly, the monitoring of the buildings is not to preserve the building but save the

costs put up for new constructions but to put the buildings to good use.

Tests chosen to be done on the building should be termed suitable. A suitable method should

be chosen where there will be no or insignificant damages to the building. Damages to the

building may cause the strength of the building to decrease or increase cost of maintenance.

As a consequence, Non-Destructive tests are most suited to testing any building.

This project will focus on the use of Non-Destruction methods and the relevance of it in the

Civil Engineering field.
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The building was constructed in two phases. The first phase was built in 1952 and later

renovated in 1999. The total floor space is approximately 2,352 m2. The building has a

hydraulics laboratory, classrooms, computer laboratory and offices which are on the two

suspended floors.

1.5 Justification

The need for quick and reliable methods of determination of structural integrity is necessary.

As opposed to destructive testing, non-destructive testing involves minimum or no destruction

to the existing structure hence suitable for use. The use of it gives quality assurance of the

building. The civil engineering building is currently in service hence destructive testing is not

suitable for testing. Need for data baseline help in monitoring the health of the structure

which is to be done periodically.

For this study, Non-Destructive Test method mainly the Rebound Hammer (Schmidt Hammer)

will be used to determine the strength of the floor beams.

All data collected will be analyzed making comparisons with the existing strength values

present of the building.

Laboratory tests will also be done in order to compare the actual building strength and cubes

made.

The importance of the study is to determine any defects present in Civil block building that

can contribute to damage to the structure. Non destructive testing is valuable method of

testing because it helps us to determine the strength without hindering the usefulness of the

building.
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2. LITERATURE REVIEW

Nondestructive testing is an interdisciplinary field that plays a major role in ensuring that all

structural components of a structure or a system are in proper functioning conditions.

Determination of concrete strength is vital when constructing is done. Engineering most

important goal is to come up with a valuable stable functioning structure of which it will

withstand present conditions like weather changes and loads on it. One can also be able to

determine the state of the same structure in the future from information of the past of the

structure. This is where non-destructive tests fall in place where minimal destruction is needed

in order to ensure the structure has a long span and remains relevant for the intended purpose.

Non destructive testing is not a new method of testing; it has been practiced for many decades.

Early stages of nondestructive testing started in the early 1800. (VI) This was started when they

needed to check various steel components of cracks on railroad carts and axles. They would dip

the element in oil then dust it with powder. In the presence of cracks, oil would ooze out of the

defect area and would be able to know where the defect was and then fix it. This simple way of

checking defects initiated the improvement of methods of checking for defects of great

magnitude hence the introduction of modern liquid penetrating tests.

The improved method of penetrating tests, the test element is coated with a visible or

fluorescent dye solution. After coating the surface, the excess coat is wiped off and a developer

is applied. The developer is used to drawing the penetrant to the surface through the cracks.

This enables one to see the cracks present in the element. With the use of fluorescent dye,

ultraviolet light is used to view the cracks present.
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Fig 2-1: Process of penetrant testing.

In year 1895, Wilhelm Conrad Roentgen from Germany discovered X-rays. He was then able to

produce the first radiograph machine. With this invention, the possibilities of checking flaws on

steel structures were developed based on the same principle.

This in turn led to the development and advancement of ways of detecting defects to ensuring

effectiveness in the lifespan of the structure.

In year 1920, one Dr.H. H. Lester was able to continue with the study of radiography for metals

and was able to develop industrial radiography tests to check castings done on steel

installations and checking the steam power plants.

Radiography uses X-rays and gamma rays penetrating the surface to check for imperfections.

An X-ray generator is used and radiation is passed to the test surface where a radiograph is

produced onto a film. Imperfections are shown by the change in density in the film.
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Fig 2-2: Radiography.

In 1926, the use of eddy current was made possible by the invention of an instrument that was

able to measure the thickness of the element in test.

Immediately after the use of eddy currents, the use of magnetic induction systems was used in

the detection of various flaws in steel elements on railroad tracks.

The magnetic particle testing is accomplished by inducing a magnetic field in a ferromagnetic

material and dusting off the surface with iron particles either in liquid form or dry form. The

surface imperfections are shown by the distortion of the magnetic field and a high

concentration of the iron near the imperfection. This is one way of visual inspection of a defect.
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Fig 2-3: Magnetic particle testing machine.

Fig 2-4: Magnetic particle test illustration
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In the early 1940s the development of eddy current instruments was developed by C. Farrow,

Theo Zuschlag, Fr. F. Foerster and H. C. Knerr. In this method, electrical currents are generated

in a conductive material by an induced magnetic field. The current is referred to as eddy current

because it flows in circles below the surface of the material under test. Interruptions show the

imperfections and dimensional changes. The conductive properties are also detected. The use

of eddy current can therefore be used to determine the position of reinforcement in concrete

and the diameter and if there is visible deterioration in the same. This is shown in (figure 2-5)

below.

Fig 2-5: Eddy current testing.

In 1940, Dr. Floyd Firestone developed the ultrasonic test method that was developed so that

he would be able to check for inhomogenities of density and elasticity in materials. He stated
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that his invention was able to detect where a flaw was and the exact distance it is from the

surface. The principle it used was sending a high frequency vibration of sound waves to the

surface under inspection and the intervals of frequency of vibrations are reflected back to the

receiver where one can see from the output where a defect may be measured. This method

was applicable in concrete structures.

Fig 2-6: Ultrasonic test method.

Further on in the year 1950, the Schmidt Hammer was invented. This was the first time when

the principle of testing concrete was patented to use in testing concrete structures.

This shows the evolution and advancements made from the establishment of the non

destructive testing. This helped with the improvement of industrial quality measures and

showed the importance of the same in the construction industry.

The inventions done were manually based and in the early 1963, Fredrick G. Weigharts and

James McNulty’s went a step further to digitizing the radiography method of testing. This

revolutionized the whole nondestructive method of testing where most methods of testing



18 | P a g e

were digitized and simplified testing. Digitization enabled one to receive an interpreted output

after testing immediately and it’s more accurate.

The improvements also enabled one to check the small and smaller flaws that can easily be

ignored.

Having been able to identify the flaws present, principles were developed where one can be

able to predict the rate at which the flaws or cracks will grow under loading conditions. This

helped them to know how long the structure will be of use after the defect was detected or

how to minimize the progression of the flaws for a longer lifespan of the structure.

This in turn shows that checking for flaws is necessarily not enough. One needs to obtain

quantitative information about the flaws or the condition of the structure to determine the

remaining lifespan of the structure. This led to continued research methods so as to come up

with adequate solutions for the problems facing the construction industry.

In 1946 a Swiss engineer, Ernst Schmidt, invented a piece of equipment for the nondestructive

testing of concrete. The instrument was designed in a way to it was able to measure the

rebound of a spring loaded mass impacting against a concrete surface; the harder the concrete

the greater the rebound number. It can be likened to bouncing a ball on a grass surface or soil

surface and then compared with a concrete surface. The ball tends to rebound much more from

a concrete surface because it is harder. Years on the only Schmidt hammer in regular use were

the ‘N’ type hammer. Which was of length 356mm, it was small enough to be carried in a

pocket but the mass that rebounds against the concrete surface is relatively small and the

results obtained is of high coefficient of variation. This is because the test results are influenced

by moderately minor surface variations in the concrete. Later on in the early 1960’s the ‘M’type

hammer was introduced. The instrument was of length 877mm long and has over thirteen

times the impact energy of the ‘N’ type instrument. Having it is that heavy, proves that is of

great disadvantage to have to carry it around. The greater impact energy from the ‘M’ type

hammer gives a far more accurate reflection of the concrete surface quality. From further

investigation, both a traditional ‘N’ type hammer and the ‘M’ type hammer were compared on

in-situ concrete structures. Initially both hammers were calibrated against concrete of known
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strength and then used to compare the strengths of in situ concrete of strengths ranging

between 20MPa and 70Mpa. The lower spread of rebound numbers on the ‘M’ type hammer

combined with a lower coefficient of variation makes it a useful tool for in situ testing. However

it was note that the real values of the instruments is shown to be the ability to compare

concrete on a similar basis rather than trying to relate the rebound number to a precise value

which often is a common mistake people make while using the equipment. The ‘M’ type

hammer weighs almost ten times the ‘N’ type hammer. The main advantage of the ‘M’ type

hammer is that it has impact energy of 29.43Nm which is greater than that of the ‘N’ type

which has impact energy of 2.207 Nm. Both types of hammers can be used in any direction

provided the hammer is held perpendicular to the surface under testing. (II)

Fig 2-7: M-type Schmidt hammer in use.

‘M’ type hammer
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Many years after the invention of the Schmidt rebound hammer, the ‘N’ type of hammer has

been commonly used as a non-destructive testing equipment to check the strength of in-situ

concrete often after cube compressive strength is obtained.

The full procedure is clearly stated in the British Standard BS 1881: Part 202 which is based on

the original procedure described in BS 4408: Part 4: 1971. This shows that a calibration graph

which has been prepared for specified local concrete. Further through the years many

researchers came up with researches showing the correlation between compressive strength

and the rebound number justifying BS 6089: 1981: Clause 5.6.5 where it indicates that the

accuracy of strength obtained from the readings from the hammer is likely to be within +/- 20 %

of the actual strength of concrete.

Initial usage of the hammer was used to test the strength of precast reinforced concrete piles in

order to determine how soon the piles could be lifted for their casting bed without cracking.

Soon after that there was a widespread in the use of the Schmidt hammer.

In this period of time not many people were able to use the Schmidt hammer and assess the

data obtained. The main problem was that the hammer was used without proper calibration.

Calibration is done by obtaining a series of readings taken from a piece of suspect concrete and

a value of the average rebound number is calculated and compared with the graph supplied

with the hammer to find the concrete strength. The graph provided on the side of the

instrument is that of average Swiss concrete of 1947 made from limestone aggregates which in

real sense may have no relation to the concrete under testing. The generation of a calibration

curve is therefore necessary using the local materials used for the concrete.

In the British Standards BS 1881: Part 202 Clause 3.1 states that the use of universal calibration

such as those produced by the manufacturer of rebound hammers can lead to serious errors

and should be avoided.

When a calibration curve is prepared, one should be able to note that reading taken from wet

surfaces have different readings from that taken from dry surfaces.

The Schmidt hammer in general was developed to provide an inexpensive and quick non-

destructive method for testing concrete in the field.
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In Kenya, nondestructive testing was begun in the year 1990. It was started by foreigners in the

country where the interest was basically on metallurgy. Checking defects on steel used mainly

on the railway tracks. This method was not highly widespread because it concentrated on one

industry. After further knowledge acquirement, the knowledge was not further applicable to

the Kenyan industry hence the interest in ways to help better the construction industry in the

country. This lead to various studies in the appropriate nondestructive methods that was

relevant to the growing industry in Kenya. This sparked an interest in the nondestructive

testing methods available. After further exposure and learned methods, it became a

widespread method used.

The interest also brought rise to a nondestructive technical centre with Kenya Bureau of

Standards with the help of the International Atomic Energy Agency (IAEA). The main aim of this

center was to offer an institution which will be able to serve the country by offering

nondestructive services in inspecting buildings and offering training to interested individuals.

The various NDT methods that KEBS offer is visual inspection, ultrasound testing, radiography,

magnetic particle testing, eddy current testing, penetration tests and strength of concrete.

The other institution that carries out the same tests is under the Ministry of Transport and

Infrastructure, The Materials Testing Department.

They use the appropriate equipments for the specified tests. The machines are maintained in

proper working condition and often calibrated for more accurate results.

This makes Kenya a country is conscious of various improvements of the industry and to keep

up with international standards in ensuring the health of structures.

This streamlines the construction industry, be it buildings, bridges, roads, factories and railways

making it comply with international standards set out improving production hence Kenya can

be able to compete internationally heightening our chances of moving out of the third world

country situation.
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3. THEORETICAL ANALYSIS

In Kenya concrete is the most common construction material used in structures. Like all

construction materials, the quality of concrete needs to be established. There are various

experiments that are designed for specific properties of concrete. One important test is test for

compressive strength of concrete. Testing for compressive strength is done by testing of

hardened concrete.

In order for one to determine the compressive strength, one needs to carry out experiments. (V)

This is done by casting concrete samples then crashing them. The samples are either cubes or

cylinders. The cylindrical specimens are of size 150 mm diameters X300mm height. The cube

size is 150mmX150mmX150mm. Though they both vary they are both used in various regions

for the determination of compressive strength of concrete. This test is also governed by the

codes for respective regions. The British Standards Codes and ASTM (American Standards).

The main difference between the cylinder and the cubes is before crushing the cylinder is first

capped and the cubes do not get capped.

Cubes on the other hand show higher compressive strength as compared to the cylinders.

Other than compressive strength, other factors have been proven to affect the compressive

strength of concrete. These include size and shape of aggregates also the type of class of

concrete used.

Concrete use began in ancient Rome and has become widely used.
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b) Aggregates

Fine and coarse aggregates make up the bulk of a concrete mixture. Sand, natural gravel and

crushed stone are used mainly for this purpose. One can also adopt the use of recycled

aggregates (from construction, demolition and excavation waste). This substitution of natural

aggregates as partial replacements or full replacements is on the rise. This method is a way of

economizing cost. The presence of aggregate greatly increases the sturdiness of concrete above

that of cement, which otherwise is a brittle material and thus concrete is a true composite

material.

At least three-quarters of the volume of concrete is occupied by aggregate, it is not surprising

that its quality and type is of considerable importance. Not only may the aggregate limit the

strength of concrete, as aggregate with undesirable properties cannot produce strong concrete,

but the properties of aggregate greatly affect the durability and structural performance of

concrete. Also The characteristics of aggregate:

I. The stiffness,

II. shape,

III. texture,

IV. maximum size, and

V. grading of both coarse and fine aggregate is significant.

Aggregates were originally viewed as inert materials dispersed throughout the cement paste

largely for economic reasons. It is possible however to take an opposite view and look on

aggregate as a building material connected into a cohesive whole by cement paste, in a manner

similar to masonry construction, in fact aggregate is not truly inert and its physical, thermal,

and sometimes also chemical properties influence the performance of concrete.

Aggregate is cheaper than cement and it is therefore economical to put into the mix as much of

the former and as little of the latter as possible. But economy is not the only reason for using

aggregate; it confers considerable technical advantages on concrete, which has a higher volume

stability and better durability than hydrated cement paste alone. (Neville, 1981)
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The size of aggregate used in concrete ranges from tens of millimeters down to particles less

than one-tenth of a millimeter in cross-section. The maximum size actually used varies but in

any mix, particles of different sizes are incorporated the particle size distribution being referred

to as grading. In making low-grade concrete, aggregates from deposits containing a whole

range of sizes, from the largest to the smallest, is sometimes used; this is referred to as all-in or

pit run aggregate. The alternative, always used in the manufacture of good quality concrete, is

to obtain the aggregate in at least two size groups, the main division being between fine

aggregate and coarse aggregate.

Many properties of aggregate depend entirely on the parent rock, e.g. chemical and mineral

composition, petrologic character, specific gravity, hardness, strength, physical and chemical

stability, pore structure, and colour. On the other hand, there are some properties possessed

by the aggregate but absent in the parent rock: particle shape and size, surface texture, and

absorption. All these properties may have a considerable influence on the quality of the

concrete, either fresh or in the hardened state.

Though these different properties of aggregate are examined, it is difficult to define a good

aggregate other than saying that it is an aggregate from which good concrete (for the given

conditions) can be made. While aggregate whose properties all appear satisfactory will always

make good concrete, the inverse is not necessarily true and this is why the criterion of

performance in concrete has to be used.

c) Water

Combining water with a cementitious material forms a cement paste by the course of action of

hydration. The cement paste glues the aggregate together, fills voids within it and allows it to

flow more freely. It has been established that less water in the cement paste will yield a

stronger, more durable concrete and more water will give a free-flowing concrete. Impure

water used to make concrete can cause problems when setting or in causing premature failure

of the structure.
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3.2 Concrete mix design

Concrete mix design is constituted by the selection and proportioning the various constituents

of concrete in order to reach the required workability, durability and strength.

BS5328:1981: Methods of Specifying Concrete including Ready-mixed Concrete. (III)

The different types of concrete are;

a) Prescribed mixes. This is where proportions are provided that gives a required strength,

durability and testing in this is not required.

b) Designed mix. This is testing is an essential thing to do in order to achieve a certain

strength and taking into consideration the standards available.

Water- cement ratio is important in any concrete mixture. It has been known that cement

absorbs about 0.23 of its weight of water in normal conditions which is a dry mix. The actual

range of water-to-cement used is 0.45-0.6. This ratio affects workability of concrete. Not

forgetting that also the aggregate–to –cement ratio is also important as in that it also affects

the workability of concrete.

Several methods of mix design are used. The main factors drawn in are discussed briefly for mix

design according to Design of Normal Concrete Mixes.

The table below shows the various ratios of concrete mixes used in the Construction Industry in

Kenya.
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Table 3-1: Concrete mix ratios.

CLASS RATIO

CEMENT SAND COARSE

AGGREGATE

15 1 3 6

20 1 2 4

25 1 1.5 3

30 1 1 2

The selection of the aggregate-to-cement ratio depends on the grading curve for the aggregate.

It is also known that the characteristic strength of concrete is measured by the 28 day cube

strength. BS1881L:1983: Methods of Testing Concrete
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Table 4-1: Ratio for the mix design.

CLASS MASS(KG) WATER CEMENT SAND COARSE

AGGREGATES

20 48.6 3.82 7.63 14 28

25 48.6 4.86 9.724 14.58 29.16

30 48.6 5.35 10.69 10.69 32.076

After careful measuring of the constituents, it was then mixed in the mechanical concrete

mixer. Aggregates were first put in followed by the sand and cement. This was mixed

thoroughly to form an even mixture. After it was completely mixed water was the added

carefully while the mixture was being checked. This was mixed until all aggregates were coated

and were bound together.

After the right consistency was achieved, the fresh concrete was then subjected to various

tests.

4.1.3 Slump Test

(BS 1881; 102, ASTM C143)

The purpose of the slump test is to measure the consistency of concrete. This test is an

essential test which shows the water content of a batch of fresh concrete. It therefore

determines the workability of concrete dependent on the intended use or placement of

concrete.

When one decided to add water in the case to increase the slump, the extra after has various

effects to the concrete including;

a. The mix may tend to segregate, the coarse aggregate separate from the fine ones.

b. The concrete will shrink more as it hardens increasing the likelihood of cracks appearing.

c. The air content might increase tampering with the strength decreasing it.
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d. The strength of concrete decreases.

e. The concrete will set more slowly.

These are but few of the few effects of a higher slump value. Hence it is very important not to

exceed the water levels while mixing but use adequate amount of water to achieve the

required strength.

Procedure

A representative sample of concrete was obtained from the batch made. The cone was cleaned

and oiled where after it was filled one-third at a time. Each layer was compacted 25 times with

a 5/8 inch diameter tamping rod which is rounded at the end. The overflow was then cleaned

away from the base and the cone top flattened out. The cone mould was then was then lifted

vertically. Within a short period say 5 seconds, the slump was measured to the nearest mm.

The slump is the distance that the concrete has fallen from the original height of the cone. The

slump was then recorded.

Fig 4-1: Slump test.
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4.1.4 Compaction Factor Test

(BS 1881: Part 103 )

The purpose of this test is to find the workability of concrete. It checks the uniformity of

concrete. This test is based on the principle that workability of concrete is indicated by its

compaction by a standard amount of work done to it. By allowing it to fall under gravity

through a standard height.

The standard cylinder ratio of density of fully compacted concrete yields the compaction factor.

Compaction factor = Density of partially compacted concrete

Density of fully compacted concrete

Requirements

I. Compaction factor apparatus. It has two hopper cone below the other and the cylinder

below the lower hopper.

II. Tamping rod.

III. Weighing balance.

IV. Concrete.
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Fig 4-3: Compaction factor apparatus.

Procedure

The internal sides of the hoppers were cleaned and made moist. The sample was then put

in the top hopper having the slider door closed. After the top hopper was filled up, the

slider door was then opened to release the concrete into the second hopper. Later the

slipper door of the lower hopper was opened to release concrete into the cylinder. Excess

concrete was cleaned out of the cylinder and the weight of the partially compacted

concrete was weighed and recorded (w 1). The cylinder was then refilled and compacted it

well. The concrete at this stage was again weighed and value recorded (w 2).
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Fig 4-4: Cast concrete cubes.

The concrete cubes after casting were let to set for at least 24 hours before being de-moulded

and set aside to cure. The cubes were then subjected to compressive tests on day 7 and day 28.

4.1.5 Compressive Strength of Concrete

The strength is determined by the ability of a material to resist stress without failure. Failure of

concrete is evident due to cracking. During compression disintegration often appears hence

crushing. Strength then is generally referred to in the construction industry because it is

relatively easy to measure and other properties related to the strength can be gotten from the

strength data.

The compressive strength is determined by a standard uniaxial compressive strength test that is

accepted universally as an index of concrete strength.

The failure mechanism and in four sections;

1. At the first quarter of the ultimate strength, random cracking starts to appear in the

transitional zone where large aggregates are.
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2. In the second quarter of the ultimate strength, cracks continue to grow further away

from the transitional zone.

3. At the third quarter of the ultimate strength, major cracks enlarge.

4. At the final quarter of the ultimate load, the major cracks link up in the vertical direction

and finally the specimen splits.

Fig 4-5: Illustration of compressive strength test.

Fig 4-6: Cube crushed under compressive test machine.
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Fig 4-7: Cube specimen in testing machine under test using Schmidt hammer.

4.1.7 Results

The test results for the rebound number are recorded in the table that follows.
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Table 4-2: Rebound number on 7-day concrete.

Rebound Number Average

C20 20 22 20 21 20 20.6

18 19 18 20 22 19.4

22 19 19 24 19 20.6

22 22 19 20 22 21

C25 20 24 23 22 20 21.8

18 16 20 18 22 18.8

26 20 18 20 16 26

20 18 20 22 24 20.8

C30 28 26 28 20 26 25.6

27 20 30 26 24 25.4

28 22 26 26 22 24.8

32 26 28 20 24 26

Table 4-3: Cube compressive strength of 7-day concrete cubes.

Rebound Number Cube Compressive Strength (N/mm2)

20.6 11.77

19.4 9.81

20.6 11.77

21 11.77

21.8 12.75

18.8 9.81

26 19.61

20.8 11.77

25.6 19.61

25.4 17.65

24.8 17.65

26 19.65
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Table 4-5: Cube compressive strength of 28-day concrete cubes.

Table 4-4: Rebound number on 28-day concrete.

C Rebound Number Average

C20 26 24 30 28 30 27.6

30 26 28 30 30 28.8

30 26 26 30 31 28.6

31 28 30 32 30 30.2

C25 32 30 30 31 26 29.8

28 30 26 34 28 29

30 32 30 33 28 30.6

32 28 30 26 33 29.8

C30 28 33 34 26 30 30.2

30 32 26 28 30 29.2

34 32 33 34 30 32.6

30 32 30 26 28 29.2

Rebound Number Cube Compressive Strength (N/mm2)

27.6 21.57

28.8 23.53

28.6 23.53

30.2 25.5

29.8 25.5

29 23.53

30.6 27.46

29.8 25.5

30.2 25.5

29.2 23.53
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Fig 4-8: Calibration curve of 7-day concrete.

32.6 29.42

29.2 23.53
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Fig 4-9: Calibration curve of 28-day concrete.


