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COURSE CONTENT

MATERIAL TESTING LABORATORY

111 Semester: CE

Course Code Category Hours/Week Credits Maximum Marks
T P C CIA | SEE Total
ACEEQ8 core o | o | 2 1 40 60 100
Contact Classes: Nil | Tutorial Classes: Nil Practical Classes: 45 Total Classes: 45

Prerequisite: Nil

I. COURSE OVERVIEW:

Material testing laboratory introduces students to the essential testing procedures for evaluating the quality and
performance of cement, aggregates, fresh concrete, and hardened concrete. Through hands-on experiments
aligned with IS codes, students gain practical knowledge of material properties, workability, strength, and
durability assessments. The course also familiarizes students with non-destructive testing techniques, enabling
them to assess in-situ concrete without damaging structures. This lab bridges theoretical concepts with field
practices, preparing students for real-world construction quality control and material evaluation.

Il. COURSE OBJECTIVES:

The students will try to learn:

I. The physical characteristics and standard testing methods for cement and aggregates as per 1S codes to ensure
their suitability in concrete production.

Il. The procedures to evaluate workability and strength properties of fresh and hardened concrete using
appropriate laboratory tests.

I1l. The basic techniques of non-destructive testing to assess the in-place quality and durability of concrete
structures.

I11. COURSE OUTCOMES:

After successful completion of the course, students should be able to:

CO 1 Determine the fineness and standard consistency of cement to verify suitability of cement for
concrete mixes as per 1S code standards.

CO 2 Measure the initial and final setting time of cement to evaluate its workability window and
suitability for site conditions.

CO 3 Evaluate the physical properties of aggregates such as specific gravity, grading, and bulking
to ensure proper selection and batching of materials.

CO 4 Conduct workability tests on fresh concrete using slump cone and compacting factor methods
to assess consistency for placement and compaction.

CO 5 Testthe compressive and tensile strength of hardened concrete specimens to confirm strength
development as per design requirements.

CO 6 Perform non-destructive tests on concrete using rebound hammer to assess surface hardness
and uniformity without damaging the structure.




IV. COURSE CONTENT:
EXCERCISES ON MATERIAL TESTING LABORATORY

Note: Students are encouraged to wear shoes for laboratory practice sessions.
1: Fineness of Cement

The fineness of cement is determined to assess the quality and performance of cement in construction
works. If the cement particles are too coarse, hydration becomes slower and reduces the early strength of
concrete. Excessively fine cement may increase water demand and shrinkage. Therefore, determining the
fineness of cement helps in ensuring proper strength development and durability of concrete structures.

1.1 Determination of Fineness of Cement:

The fineness of cement is determined to assess the quality and performance of cement in construction
works. If the cement particles are too coarse, hydration becomes slower and reduces the early strength of
concrete. Excessively fine cement may increase water demand and shrinkage. Therefore, determining the
fineness of cement helps in ensuring proper strength development and durability of concrete structures

(Fig. 1).

Sieve Shaking Machine

Fig.1 Weighing machine and sieve set

Try:
1. What is the field test to test the fineness of cement.
2. Enumerate the advantages and disadvantages of using finer cement.
3. Why is fineness of cement important.
4. Name the laboratory methods used to determine fineness of cement.
5. Define fineness of cement.

2. Standard Consistency of Cement

Standard consistency of cement refers to the percentage of water required to prepare a cement paste of
standard plasticity. It is the amount of water added to cement at which the paste permits the Vicat plunger
to penetrate to a specified depth. The standard consistency test is important because it helps determine
the water content required for other cement tests such as setting time and soundness tests.

2.1. Determination of Standard Consistency of Cement

The standard consistency of cement is determined using the Vicat apparatus. When water is added to
cement, hydration begins and the cement paste becomes plastic. The amount of water required for
achieving standard consistency depends on the fineness, composition, and age of cement. Determining
standard consistency ensures proper workability and accurate results in laboratory testing of cement
properties (Fig. 2).
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Fig.2 Vicat Apparatus and sieve set
Try:
1. What is the standard consistency of cement?
2. What is the purpose of determining standard consistency of cement? What is the
purpose of the soundness test for cement
3. Name the apparatus used in the standard consistency test.
4. What are the advantages and disadvantages of standard consistency test?
5. What factors affect the standard consistency of cement?

3. Initial and final setting time of cement

The setting time of cement refers to the time required for cement paste to lose its plasticity and attain a
certain degree of hardness after the addition of water. The setting process occurs due to the hydration
reaction between cement and water.

The initial setting time indicates the time available for mixing, transporting, placing, and compacting cement
concrete or mortar. The final setting time indicates the stage when the cement paste has completely lost its

plasticity and gained sufficient firmness.

3.1. Determination of Initial and Final Setting Time of Cement

The initial and final setting times of cement are determined using the Vicat apparatus by observing the
penetration of standard needles into a cement paste prepared with standard consistency.

For determining the initial setting time, the Vicat needle is allowed to penetrate the cement paste at regular
intervals. The initial setting time is the time elapsed from the addition of water to the moment when the
needle penetrates only up to a specified depth from the bottom of the mould.

For determining the final setting time, the needle with an annular attachment is used. The final setting time
is the time elapsed from the addition of water until the needle makes only a slight impression on the surface
of the paste while the annular ring fails to leave any mark.

This test helps in evaluating the suitability and quality of cement for construction purposes (Fig. 3.1 and
3.2).
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Try:

1. What are the common methods used for setting time of cement?

2. How does the temperature, water-cement ratio, and cement type influence the initial
setting time of cement.

3. How does the final setting time affect the strength development and durability of
concrete structures.

4. What are the objectives of conducting the setting time test of cement?

5. List the apparatus used in the setting time test of cement and factors affecting the setting
time of cement.

4. Compressive strength of cement

Compressive strength of cement refers to the ability of cement mortar to resist compressive loads without
failure. It is one of the most important properties of cement because it indicates the strength and quality of
cement used in construction works. Higher compressive strength ensures better durability and load-carrying
capacity of structures.

4.1. Determination of Compressive strength of cement:

The compressive strength of cement is determined by testing cement mortar cubes under compression in
a compression testing machine. When water is added to cement, hydration takes place and the cement
particles bind together, resulting in hardening and strength development. The strength of cement depends
on factors such as fineness, water-cement ratio, curing conditions, and age of cement. Determining

compressive strength helps in assessing the suitability of cement for various construction applications (Fig.
4.1).
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Fig:4.1. Compressive strength of cement
Try:




1. Define the term "compressive strength” and explain the underlying reason for this
phenomenon.

2. Discuss the practical implications of compressive strength of cement in construction
projects, particularly in concrete mix design.

3. Whatis the objective of the compressive strength test of cement and Name the apparatus used
in the compressive strength test of cement.

4. What is the curing period generally adopted for compressive strength testing?

5. What are the disadvantages of the compressive strength test and How is compressive strength
of cement calculated?

5. Soundness of cement

Soundness of cement refers to the ability of hardened cement paste to retain its volume after
setting without delayed expansion. Unsound cement undergoes excessive expansion due to the
presence of excess free lime, magnesia, or sulphates, which may cause cracks and disintegration
in concrete structures. Therefore, the soundness test is carried out to ensure the durability and
stability of cement.

5.1. Determination of Soundness of Cement:

The soundness of cement is determined using the Le-Chatelier apparatus. When cement contains
excess free lime or magnesia, these compounds hydrate slowly and cause expansion after the
cement has hardened. This delayed expansion may lead to cracking and failure of structures. The
soundness test helps in assessing the quality and suitability of cement for construction purposes
(Fig. 5.1).

Fig:5.1 Soundness of cement

Try:

1. Enumerate the advantages of the soundness test and what is the permissible limit of soundness
for OPC?

2. Name the apparatus used in the soundness test and causes of unsoundness in cement.

3. How is the soundness test used to evaluate the resistance of cement to expansion
and cracking during the setting and hardening process

4. What factors affect the soundness of cement

5. Why the soundness test is conducted on cement and Name the apparatus used in the
soundness test of cement.




6. Specific gravity of cement

Specific gravity of cement refers to the ratio of the weight of a given volume of cement to the weight of an
equal volume of water. It indicates the density and quality of cement and is used in mix design calculations
for concrete and mortar. The specific gravity of ordinary Portland cement is generally around 3.15.

6.1. Determination of Specific Gravity of Cement:

The specific gravity of cement is determined using a Le-Chatelier flask or specific gravity bottle. The test is
based on the principle of displacement of liquid by cement particles. Specific gravity helps in identifying
the quality and composition of cement. Variations in specific gravity may indicate the presence of moisture,
impurities, or adulteration in cement. Accurate determination of specific gravity is important for concrete
mix design and material proportioning (Fig. 6.1).
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Fig:6.1 Specific gravity of cement
Try:

1. How is the specific gravity of cement calculated, and what does it indicate about the
density of cement particles

2. Discuss the influence of specific gravity on the workability and strength of concrete
mixtures

3. What is the objective of determining the specific gravity of cement and principle of the specific
gravity test of cement?

4. Why is kerosene used in the specific gravity test instead of water?
5. What happens if the specific gravity of cement is lower than normal?

7. Specific Gravity of Fine Aggregate

Specific gravity of fine aggregate refers to the ratio of the weight of a given volume of fine aggregate to
the weight of an equal volume of water. It is an important physical property used in concrete mix design,
determination of density, and calculation of void content in aggregates.

Fine aggregate generally consists of natural sand or crushed stone particles passing through a 4.75 mm IS
sieve.

Specific gravity helps in understanding the strength, quality, and porosity of the material, which directly
affects the properties of concrete.

7.1. Determination of Specific Gravity of Fine Aggregate:

The specific gravity of fine aggregate is determined using the pycnometer method (or specific gravity bottle



method). The test is based on the principle of displacement of water by the solid particles of sand.

In this method, the weight of dry sand, sand with water, and water-filled pycnometer are measured. Using
these values, specific gravity is calculated.

Specific gravity is an important parameter in concrete mix design because it helps in converting weight to
volume and ensures correct proportioning of materials (Fig 7.1).

Fig:7.1 Specific gravity of fine aggregate
Try:

What is the objective of determining the specific gravity of fine aggregate.

Name the apparatus used in the specific gravity test of fine aggregate.

What are the disadvantages of the specific gravity test of fine aggregate

Write the formula used to calculate the specific gravity of fine aggregate.

What is the principle of the specific gravity test of fine aggregate and factors affect the specific
gravity of fine aggregate
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8. Grading of Aggregates (Fineness Modulus)

Grading of aggregates refers to the distribution of particle sizes present in an aggregate sample. The
fineness modulus (F.M.) is an index number that indicates the average size of particles in the aggregate. It
is determined by performing sieve analysis and adding the cumulative percentages retained on a standard
set of sieves, then dividing the sum by 100.

Fineness modulus is an important property used in concrete mix design, workability assessment, and
proportioning of fine and coarse aggregates. A higher fineness modulus indicates coarser aggregate, while
a lower value indicates finer aggregate. Proper grading ensures minimum voids, better compaction, and
improved strength and durability of concrete.

8.1. Determination of Grading of Aggregates (Fineness Modulus)

The grading of aggregates is determined by sieve analysis using a standard set of IS sieves. In this test, the
aggregate sample is passed through sieves arranged in descending order of size, and the weight retained
on each sieve is measured.

The fineness modulus is calculated from the cumulative percentage retained on the standard sieves. This
test helps in classifying aggregates as fine or coarse and ensures suitability for concrete and mortar works.
Properly graded aggregates improve the economy, strength, and workability of concrete mixtures(Fig: 8.1).



Fig: 8.1 Standard sieves

Try:

What is the objective of the grading test of aggregates.

Name the apparatus used in the grading test of aggregates.
What are the advantages of well-graded aggregates.
What is sieve analysis and How is fineness modulus calculated.
Name the apparatus used in the grading test of aggregates.
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9. Bulking of Fine aggregates

Bulking of fine aggregate refers to the increase in the volume of sand due to the presence of moisture
around the sand particles. When moisture forms a thin film around the particles, surface tension causes the
particles to repel each other, resulting in an apparent increase in volume.

Bulking is an important property of fine aggregates because it affects the proportioning of concrete and
mortar mixes. If bulking is not considered during batching, the quantity of sand used may be less than
required, leading to reduced strength and poor workability of concrete. The amount of bulking depends on
the moisture content, grading, and particle size of the sand.

9.1. Determination of Bulking of Fine Aggregate

The bulking of fine aggregate is determined by comparing the volume of moist sand with the volume of
the same sand after adding sufficient water to bring it to a saturated condition. The test is based on the
principle that moist sand occupies more volume than fully saturated sand.

This test helps in determining the percentage increase in volume of sand due to moisture content.
Knowledge of bulking is essential for accurate volumetric batching of concrete materials and proper mix
proportioning at construction sites(Fig:9.1).



Fig:9.1.Bulking of sand

Try:

1. Define the term "bulking of sand" and explain the underlying reason for this
phenomenon.

2. Discuss the practical implications of bulking of sand in construction projects,
particularly in concrete mix design.

3. What is the objective of bulking test of fine aggregates.

4. Elaborate at what moisture content is bulking of sand maximum.

5. What are the factors affecting bulking of sand and

10. Slump Cone Test for Fresh Concrete

The slump cone test is a simple and widely used method for determining the workability and consistency
of fresh concrete. Workability refers to the ease with which concrete can be mixed, transported, placed,
compacted, and finished without segregation or bleeding.

The test measures the vertical settlement or “slump” of freshly mixed concrete after the removal of a
standard mould known as the slump cone. The amount of slump indicates the degree of workability of the
concrete mix. A higher slump value indicates greater workability, while a lower slump indicates a stiffer mix.

The slump cone test is commonly used at construction sites and laboratories for quality control of concrete
mixes. It is suitable for concrete of medium to high workability and helps ensure uniformity and proper mix

proportioning.

10.1. Determination of Slump Cone Test for Fresh Concrete

The slump of fresh concrete is determined by filling a standard slump cone with freshly mixed concrete in
layers and compacting each layer properly. After the cone is lifted vertically upward, the concrete subsides
due to its own weight.



The difference between the original height of the mould and the height of the slumped concrete is
measured as the slump value. The test is based on the principle that the degree of subsidence of concrete
under standard conditions indicates its consistency and workability.

This test helps in assessing the suitability of concrete for different construction works and maintaining
quality control during concreting operations(Fig:10.1).

Fig:10.1. Slump Cone Test

Try:
1. Define the term "slump" in concrete and explain what it indicates about fresh concrete
properties.
2. Explain the principle behind the Slump Cone Test and why it is widely used in construction
practice.

3. Describe the procedure of conducting the Slump Cone Test for fresh concrete.

4. What are the different types of slump observed in the Slump Cone Test, and what does each
type indicate.

5. Explain the significance of workability in concrete and how slump value helps in mix design
control.

11. Compacting Factor Test

Workability of concrete refers to the ease with which concrete can be mixed, transported, placed, and
compacted without segregation. The compacting factor test helps in assessing the consistency and
compaction characteristics of fresh concrete under controlled conditions.

The compacting factor is defined as the ratio of the weight of partially compacted concrete to the weight
of fully compacted concrete. This test is widely used in laboratories for quality control and mix design

purposes.

11.1. Determination of Compacting Factor of Fresh Concrete:

The compacting factor of fresh concrete is determined by allowing concrete to fall through two conical
hoppers into a cylindrical mould. During this process, the concrete undergoes partial compaction due to its
own weight.

The weight of partially compacted concrete collected in the cylinder is measured. The cylinder is then refilled



with the same concrete in layers and fully compacted manually to obtain the weight of fully compacted
concrete (Fig:11.1).

The compacting factor is calculated as the ratio:

Weight of Partially Compacted Concrete

Compacting Factor =
mpacting g Weight of Fully Compacted Concrete

This test helps in evaluating the workability of concrete mixes, particularly those used in reinforced concrete
and road construction works.

Upper Hopper

Fig:11.1. Workability of concrete

Try:

Define the term “compacting factor” in concrete and explain what it indicates.
Why is the Compacting Factor Test preferred over the Slump Test in some cases.
Discuss the practical significance of the Compacting Factor Test in construction.
What are the limitations of the Compacting Factor Test

Explain the principle behind the Compacting Factor Test.
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12. COMPRESSIVE STRENGTH TEST ON CONCRETE CUBES

The compressive strength test on concrete cubes is one of the most important tests conducted to determine
the strength and quality of hardened concrete. Compressive strength is the ability of concrete to resist
crushing loads and is considered the primary criterion for evaluating concrete performance in structural
applications.

Concrete gains strength gradually with time due to the hydration of cement. The compressive strength test
is generally carried out after specific curing periods such as 7 days and 28 days. The test helps in assessing

whether the concrete mix has achieved the required design strength.

This test is widely used in construction laboratories and quality control works to ensure the suitability and
safety of concrete used in buildings, bridges, pavements, and other structures.

12.1. Determination of Compressive Strength of Concrete Cubes:

The compressive strength of concrete is determined by subjecting standard concrete cubes to axial
compressive load in a compression testing machine until failure occurs.

Concrete cubes of standard size are cast, compacted, and cured for a specified period. After curing, the
cubes are placed in the compression testing machine and loaded gradually at a uniform rate until cracks
develop and the specimen fails (Fig:12.1 and 12.2).

The compressive strength is calculated using the formula:

Maximum Load at Failure

Compressive Strength —
P & Cross-sectional Area of Cube

The strength is expressed in N/mm? or MPa.

This test helps in verifying the quality, durability, and load-carrying capacity of concrete used in
construction works.

Fig:12.1. Compression Testing Machine (CTM)  Fig:12.2. Concrete Cube Test



Try:

What is the purpose of conducting the compressive strength test on concrete cubes.
What type of failure is observed in a concrete cube during the test.

What factors affect the compressive strength of concrete?

What type of failure is observed in a concrete cube during the test.

Why is curing important before testing concrete cubes
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13. SPLIT TENSILE STRENGTH TEST ON CONCRETE

The split tensile strength test on concrete is conducted to determine the tensile strength of concrete
indirectly. Concrete is strong in compression but weak in tension, and tensile stresses developed in concrete
structures may lead to cracking. Therefore, determination of tensile strength is important for evaluating the
cracking resistance and durability of concrete.

Direct tensile testing of concrete is difficult to perform because of problems associated with gripping and
uniform application of tensile load. Hence, the split tensile strength test is commonly used as an indirect
method for determining tensile strength.

In this test, a cylindrical concrete specimen is subjected to compressive load along its diameter, causing
tensile stresses to develop perpendicular to the applied load. The specimen ultimately fails due to splitting
along the vertical diameter.

13.1. Determination of Split Tensile Strength of Concrete:
The split tensile strength of concrete is determined by placing a standard cylindrical concrete specimen
horizontally between the loading surfaces of a compression testing machine.

A compressive load is applied gradually and uniformly along the length of the specimen until failure occurs.
Due to the applied load, tensile stresses are induced in the concrete perpendicular to the direction of
loading, causing the cylinder to split into two halves (Fig:13.1 and 13.2).

The split tensile strength is calculated using the formula:

2P

Split Tensile Strength —
DL

Where:
e P = Maximum load at failure (N)
e D = Diameter of cylinder (mm)
e L = Length of cylinder (mm)

The strength is expressed in N/mm? or MPa.

This test helps in evaluating the tensile characteristics and cracking resistance of concrete used in structural
works.
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Fig:13.1. Split Tensile Test Fig:13.2. Compression Testing Machine (CTM)
Try:.

Why is the split tensile strength test conducted on concrete?

What is the standard shape and size of the specimen used in this test?
Why is direct tensile testing of concrete not commonly performed?
How is the specimen placed in the testing machine?

Explain the principle of the split tensile strength test.
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14. Rebound Hammer Test (Non-Destructive Testing)

Non-Destructive Testing (NDT) of concrete is used to evaluate the strength and uniformity of concrete
structures without causing damage. The Rebound Hammer Test, as per IS 13311 (Part-2):1992, provides a
quick estimate of the compressive strength of concrete based on surface hardness.

A rebound hammer, also known as a Schmidt hammer, consists of a spring-controlled mass that
impacts the concrete surface. The distance traveled by the rebounding mass after impact is
measured as the rebound number. A higher rebound number generally indicates harder and
stronger concrete.

This test is simple, quick, and economical, and it is widely used for quality control, uniformity
assessment, and condition evaluation of concrete structures without causing damage to the
structure.

14.1. Determination of Rebound Number of Concrete:

The rebound hammer test is performed by pressing the hammer against the concrete surface until the
spring-controlled mass impacts the surface. After impact, the mass rebounds, and the rebound value is
indicated on the scale of the instrument.

Several readings are taken at different points on the concrete surface, avoiding edges, cracks, and rough
areas. The average rebound number is then determined.

The rebound number is correlated with the compressive strength of concrete using standard charts or
calibration curves provided with the rebound hammer (Fig 14.1 and 14.2).

This test helps in evaluating the uniformity, quality, and approximate strength of hardened concrete in
existing structures.
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Fig:14.1. Rebound Hammer Fig:14.2. Operation Procedure

Try:

1.What is the principle behind the Rebound Hammer Test?

2. What factors influence the accuracy of rebound hammer readings?

3. How does carbonation of concrete affect the rebound number?

4 What are the advantages and limitations of the Rebound Hammer Test?
5. Why should we take multiple readings instead of a single measurement?
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