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Preface 
 

In Civil Engineering, materials used for structure such as cement, fine aggregate, coarse 

aggregate etc. have the foremost importance to ensure the quality of the structure. For getting 

assurance about the good quality of the structure different laboratory tests are needed to be 

performed. This Lab manual mainly deals with the common and universal laboratory tests of 

different types of construction materials. Normal consistency and initial setting time 

determination of cement; compressive strength of cement mortar; sieve analysis of fine and 

coarse aggregate; specific gravity and absorption capacity of fine and coarse aggregate; 

abrasion test using Los Angeles machine; compressive strength of concrete; sampling and 

testing of brick; are described according to ASTM (American Standards for Testing 

Materials) standards. 
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Experiment 1 
Determination of Normal Consistency of Cement with 

Vicat’s Apparatus 
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1.1 Objective: 

This test method covers the determination of the normal consistency of hydraulic cement 

paste with Vicat’s Apparatus. 

1.2 Introduction: 

The amount of water content that brings the cement paste to a standard condition of wetness 

is called “normal consistency”. It has a marked effect upon the time of set as well as upon 

other properties of cement. The paste at normal consistency is fairly stiff and is used only for 

the determination of time of set and soundness of cement. It is necessary to fix the quantity of 

water to be mixed in cement while experimenting on it. 

The normal consistency of a cement paste is defined as that consistency (% of water) which 

will permit the vicat plunger to penetrate to a point 10 mm from the top of the vicatmould. 

The usual range of values being between 22 to 30 percent by weight of dry cement. Normal 

consistency is also called standard consistency. 

1.3 Reference Standard: 

This test method conforms to the ASTM standard requirements of specification C187. 

1.4 Scope: 

This test method is intended to be used to determine the amount of water (by % weight of dry 

cement) required to prepare hydraulic cement pastes for testing. 

Necessity and Use of Normal Consistency: 

a. Cement produced by different factories may not have same properties and so it is 

necessary to standardize the consistency using standard equipment. 

b. The knowledge of normal consistency is required while performing other important 

tests such as setting time, soundness etc. as these tests are performed on cement paste 

using a certain percentage of water required for standard consistency.  

1.5 Related Terms: 

Consistency: A certain minimum quantity of water is required to be mixed with cement so as 

to complete chemical reaction between water and cement. Less water than this quantity 

would not complete chemical reaction thus resulting in reduction of strength and more water 

would increase water cement ratio and so would reduce its strength. Thus correct proportion 

of water to cement is required to be known to achieve proper strength while using cement in 

structure. 

Gauging Time: The period observed from the time water is added to cement for making 

cement paste till commencing the filling of mould of Vicat Apparatus in this test. 
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1.6 Apparatus: 

Balance: (sensitive to 0.1 mg) Set of metric weights. The permissible variations on weights in 

use in weighing the cement shall be as prescribed in Table-1. The permissible variations on 

new weights shall be one half of the values in Table-1. 

Table 1.1: Permissible Variations on Weights 
 

Weight, g Permissible Variation on Weights in 

 Use, plus or minus, g 

500 0.18 

300 0.15 

250 0.13 

200 0.10 

100 0.07 

50 0.04 

20 0.02 

10 0.02 

5 0.01 

2 0.01 

1 0.01 

 

Glass Graduate: Three glass graduates of 200 or 250 ml capacity. 

Vicat Apparatus: The Vicat apparatus shall consist of a frame (A) bearing a movable rod (B), 

weighing 300 g; one end is the plunger end (C), being 10 mm in diameter for a distance of at 

least 50 mm, and the other end having a removable needle (D), 1mm in diameter and 50 mm 

in length. The rod is reversible, and can be held in any desired position by a set screw (E), 

and has an adjustable indicator (F) which moves over a scale (graduated in millimeter) 

attached to the frame. The paste is held in a rigid conical ring (G), resting on a glass plate (H) 

about 100 mm square. The rod shall be made of stainless steel having a hardness of not less 

than 35 HRC (Rockwell Hardness number), and shall be straight with the plunger end, which 

is perpendicular to the rod axis. The ring shall be made of a noncorroding, non-absorbent 

material, and shall have an inside diameter of 70 mm at the base and 60mm at the top, and a 

height of 40 mm. In addition to the above, the Vicat apparatus shall conform to the following 

requirements: 

Weight of movable rod 300  0.5 g (0.661 lb 8 grains)  
Diameter of plunger end of rod 10  0.05 mm (0.394  0.002in.)  
Diameter of needle 10.05 mm (0.0390.002 in) 

Height of ring 401 mm (1.570.0 4in)  
Inside diameter of ring at bottom 703 mm (2.750.12 in)  
Inside diameter of ring at top 603 mm (2.360.12 in) 

Graduated scale The graduated scale, when compared 

with a standard scale accurate to 

within 0.1 mm at all points, shall not 

show a deviation at any point greater 

than 0.25 mm. 
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Figure 1.1: Vicat apparatus 

Others: Mixing plate, small trowel, three 4-in. square glass plates. 

1.7 Test Conditions: 

Temperature and Humidity: 

1. The temperature of the air in the vicinity of the mixing slab, the dry cement, molds, 

and base plates shall be maintained between 20 and 27.5C (68 and 81.5F). 

2. The temperature of the mixing water shall not vary from 23C (73.4F) by more than 
1.7C (3F). 

3. The relative humidity of the laboratory shall be not less than 50%. 

1.8 Procedure: 

Preparation of Cement Paste: 

Weigh out 650gm of cement and place on the mixing plate. Form crater in the center and 

add a measured quantity of water. (The water required for normal consistency for ordinary 

cement ranges from 22 to 30% by weight). 

1. Turn the material at the outer edge into the crater within 30sec with a trowel. 

2. After an additional interval of 30sec for the absorption of the water, complete the 

operation by continuous, vigorous mixing, squeezing and kneading with the hands for 

1.5min. 

3. If mechanical mixing machine is used, start the mixer at low speed for 30 s. Stop for 

(15 s) and make sure no materials have collected on the sides of the bowel. Start 

mixing at medium speed for (1 min). 

Molding Test Specimen: 

 

1. Quickly form the cement past into the approximate shape of a ball with gloved hands. 
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Then toss six times through a free path of about 6in. (150mm) from one hand to 

another so as to produce a nearly spherical mass that may be easily inserted into the 

Vicat ring with a minimum amount of additional manipulation. 

2. Press the ball, resting in the palm of one hand, into the larger end of the conical ring, 

held in the other hand, completely filling the ring with paste. Remove the excess at 

the larger end by a single movement of the palm of the hand. 

3. Place the ring on its larger end on a plane, nonabsorptive plate, and slice off the 

excess paste at the smaller end at the top of the ring by a single oblique stroke of a 

sharp-edged trowel held at a slight angle with the top of the ring and smooth the top, 

if necessary, with a few light touches of the pointed end of the trowel. During these 

operations of curing and smoothing take care not to compress the paste. 

Consistency Determination: 

Center the paste confined in the ring, resting on the plate, under the rod, the plunger end, of 

which shall be brought in contact with the surface of the paste, and tighten the set-screw. 

Then set the movable indicator (10 mm dia) to the upper zero mark of the scale, or take an 

initial reading, and release the rod immediately. This must not exceed 30 sec after completion 

of mixing. The apparatus shall be free of all vibrations during the test. The paste shall be of 

normal consistency when the rod settles to a point 10  1 mm below the original surface in 30 

sec after being released. 

Calculation: 

1. Calculate the amount of water required for normal consistency to the nearest 0.1% 

and report it to the nearest 0.5% of the weight of the dry cement. 

2. Plot the amount of mixing water used as abscissa and observed penetration as ordinate 

in a plain graph paper. Then using this plot, determine the amount of water required 

for 10 mm penetration. 

1.9 Warning: 

Fresh hydraulic cementitious mixtures are caustic and may cause chemical burns to skin and 

tissue upon prolonged exposure. The use of gloves, protective clothing, and eye protection is 

recommended. Wash contact area with copious amounts of water after contact. Wash eyes for 

a minimum of 15 min. Avoid exposure of the body to clothing saturated with the liquid phase 

of the unhardened material. Remove contaminated clothing immediately after exposure. 
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DATA SHEET 

Experiment Name : Determination of Normal Consistency of Cement with Vicat’s 

Apparatus. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Cement: _________________ gm. 

% of 

water 

Amount of 

Water(ml) 

Initial Reading 

(mm) 

Final Reading 

(mm) 

Penetration 

(mm) 
Comments 

      

      

      

      

      

      

 

Sample Calculation: 

 

 

 

 

 

 

 

 

 

 

Result: 

Percentage of water required for cement paste of Normal Consistency = 
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Comments: 

 

 

 

 

 

 

 

 

 

Course Teacher : 

Designation  : 

 

 

 

 

 

________________________      

Signature of the Teacher 

          

Discussion: 

 

 

 

 

 

 

 

 

 

 

 

Assignment Questions: 

1. Does this cement satisfy ASTM standard requirements for normal consistency? 

2. Describe the factors affecting the normal consistency of cement. 



Page | 9 
 

Experiment 2 
Determination of Initial Setting Time of Cement with 

Vicat’s Apparatus 
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2.1 Objective: 

The objective of this experiment is to determine the initial setting time of cement. 

2.2 Introduction: 

Cement, when mixed with water, forms slurry, which gradually becomes less plastic with the 

passage of time and finally a hard mass is obtained. In this process, a stage is reached when 

the cement paste is sufficiently rigid to withstand a definite amount of pressure. Cement, at 

this stage to have set and the time required to reach this stage is termed “Setting time”. 

The term ‘‘Setting” is used to describe the stiffening of the cement paste. Setting of cement 

refers to changes of cement paste from a semi-liquid to rigid state. Setting differs from 

Hardening of cement which refers to the gain of strength of a set cement paste; although 

during setting the cement paste acquires some strength. 

2.3 Reference Standard: 

This test method conforms to the ASTM standard requirements of specification C191. As per 

ASTM C150, Ordinary Portland Cement should have the initial setting time not less than 45 

minutes & final setting time not more 375 minutes. 

2.4 Scope: 

The purpose of this test is to ascertain the time to be allowed to pass, between mixing of 

concrete and placing in position in structures. In actual construction dealing with cement, 

mortar or concrete, certain timeis required for mixing, transporting and placing. During this 

time cement paste, mortar, orconcrete should be in plastic condition.The constituents and 

fineness of cement ismaintained in such a way that the concrete remains in plastic condition 

for certain minimumtime. Once the concrete is placed in the final position, compacted and 

finished it should lose itsplasticity in the earliest possible time so that it is least vulnerable to 

damages from externaldestructive agencies. 

Cement paste setting time is affected by a number of items including: cement fineness, water-

cement ratio, chemical content (especially gypsum content) and admixtures.  Setting tests are 

used to characterize how a particular cement paste sets.  For construction purposes, the initial 

set must not be too soon and the final set must not be too late. 

2.5 Related Terms: 

Initial Setting Time: The timeelapsed between the moments that the water is added to the 

cement to the time that the paste starts losing its plasticity, stiffening to a certain degree. It 

marks roughly the end of the period when the wet mix can be molded into shape. 

Final Setting Time: The time elapsed between the moment the water isadded to the cement, 

and the time when the paste has completely lost its plasticity and hasattained sufficient 

firmness to resist certain pressure. 
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2.6 Apparatus: 

Same as for the determination of normal consistency of cement (see Experiment 01). 

2.7 Test Conditions: 

Temperature and Humidity: 

1. Maintain the temperature of the air in the vicinity of the mixing slab, the dry cement, 

molds, and base plates at 23.0 ± 3.0°C.  

2. Maintain the temperature of the mixing water at 23.0 ± 3.0°C.  

3. The relative humidity of the mixing room shall not be less than 50 percent. 

2.8 Procedure: 

Preparation of Cement Paste: 

Mix 650 gm of cement with the percentage of mixing water required for normal consistency 

following the procedure described in Experiment 01. 

Molding Test Specimen: 

Same procedure as in the preceding test (Experiment 01). Immediately after molding, place 

the test specimen in the moist closet or moist room and allow it to remain there except when 

determinations of time of setting are being made. 

Time of setting determination: 

1. Allow the time of setting specimen to remain in the moist cabinet for 30 min after 

molding without being disturbed. Determine the penetration of the 1-mm needle at 

this time and every 15-min thereafter for Ordinary Portland Cement (Type I & every 

10 min for Rapid Hardening Cement, Type III) until a penetration of 25 mm or less is 

obtained.  

2. For the penetration test, lower the needle of the rod until it rests on the surface of the 

cement paste. Tighten the set screw and set the indicator at the upper end of the scale, 

or take an initial reading. Release the rod quickly by releasing the set screw, and 

allow the needle to settle for 30 sec; then take the reading to determine the 

penetration. 

3. No penetration test shall be made closer than1/4 in. (6.4 mm) for any previous 

penetration and no penetration test shall be made closer than 3/8 in. (9.5 mm) from 

the inside of the mold. Record the results of all the penetration tests and, by plotting 

penetration tests and, by interpolation or by plotting penetration vs. setting time curve, 

determine the time when a penetration of 25 mm is obtained. This is initial setting 

time. 

4. The final setting time is when the needle does not sink visibly into the paste or the 

first penetration measure that does not mark the specimen surface with a complete 
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circular impression. Verify final set by performing two additional penetration 

measurements on different areas of the specimen surface.Replace the needle of the 

Vicat apparatus by the needle with an annular attachment. The cement shall be 

considered as finally set when, upon applying the needle gently to the surface of the 

test block, the needle makes an impression there on, while the attachment fails to do 

so. 

Calculation: 

Calculate the time required for 25 mm penetration from a Plot of penetration (in mm) against 

time (in min.) in plan graph paper. This time is arbitrarily defined as the initial setting time. 

2.9 Precautions: 

1. All the apparatus shall be free from vibration during the penetration test. 

2. Take care to keep the 1-mm needle straight, and the needle must be kept clean as the 

collection of cement on the sides of the needle may retard the penetration, while 

cement on the point (tip) may increase the penetration. 

3. The time of setting is affected not only by the percentage and the temperature of the 

water used and the amount of kneading the paste received, but also by the temperature 

and humidity of the air, and its determination is therefore only approximate. 
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DATA SHEET 

Experiment Name : Determination of Initial Setting Time of Cement with Vicat’s 

Apparatus. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Cement: _________________ gm. 

% of Water Added: __________  Added Water: ___________________ ml 

Time (min) Penetration 

(mm) 

Comments Time (min) Penetration 

(mm) 

Comments 

      

      

      

      

      

      

      

      

      

      

      

 

Sample Calculation: 

 

 

 

 

Result: 

Initial setting time for the given sample of cement (from graph) = 
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Comments: 

 

 

 

 

 

 

Course Teacher : 

Designation  : 

 

          

________________________      

Signature of the Teacher       

   

Discussion: 

 

 

 

 

 

 

 

Assignment Questions: 

1. What is the significance of setting time? 
2. Distinguish between “hardening” and setting. 
3. Does this cement satisfy ASTM standard requirements for initial setting time? 
4. What is quick setting cement? 
5. How does the fineness affect the time of setting? 
6. What is the function of a retarder? 
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Experiment 3 
Test for Direct Compressive and Tensile Strength of 

Cement Mortar 
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3.1 Objective: 

The objective of this experiment is to determine the compressive strength of cementmortars, 

using 2 in (50 mm) cube specimens and tensile strength of cured chemical-resistant materials 

in the form of molded briquets.  

3.2 Introduction: 

The mechanical strength of hardened cement is the most important property for its structural 

use. Test for structural strength is not made on a neat cement paste because of difficulties in 

molding and testing with consequent large variations in results. This test is carried out to 

indirectly find out the compressive strength of cementpaste. As shrinkage cracks are formed 

in dried cement paste, testcannot be properly carried out on a block of cement paste. The test 

is thereforecarried out on blocks of mortar made of cement, sand and water, cured for 28 

days. 

Several tests are performed to determine the tensile, compressive, flexural and shear 

strength of cement of mortar of certain portion. The tensile strength test includes materials 

such as  mortars, brick and tile grouts, machinery grouts, and monolithic surfacings. These 

materials shall be based on resin, silicate, silica, or sulfur binders.Cement mortar of concrete 

gives a compressive strength of about ten times its tensile strength. 

 

3.3 Reference Standard: 

The compressive strength test method conforms to the ASTM standard requirements of 

specification C109. For tensile test, the test methods conforms to ASTM C309 .the refereed 

documents are ASTM C 904 for terminology relating to Chemical-Resistant Nonmetallic 

Materials and ASTM E 4 Practices for Force Verification of Testing Machines. The tensile  

test method is not recommended for mortars, grouts, and monolithic surfacings containing 

aggregate greater than 1⁄4 in.The standard requirements of minimum compressive strength as 

per ASTM C150 for Ordinary Portland cement (type I) are as follows (Table 3.1): 

Table 3.1: Probable Compressive Strength of Cement Mortar 

Age (Days) Minimum compressive Strength,  psi (Mpa) 

3 1800 (12.4) 

7 2800 (19.3) 

28 4000 (27.6) 

3.4 Scope: 

This test method provides a means of determining the compressive strengthof hydraulic 

cement and other mortars and results may be used to determinecompliance with 

specifications and whether it will be able to develop the required compressive strength of 

concrete. Mortar is used extensively in building construction. It is used between bricks, stone, 

etc. to bond them together. Mortar is also used in plasterwork and secure ceramic tile to 
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floors. Moreover, mortar block is placed under reinforcement to maintain cover. 

Significance of the test- 

 Many other properties of cement concrete or cement mortar such as durability, 

porosity, shear or tensile strength is related its compressive strength. 

 The compressive strength of cement from different sources may be different. Also 

compressive strength of different kinds of cement will be different. This test is thus 

indicative of quality of cement. 

 It is recognized that chemical-resistant mortars, grouts, and monolithic surfacings are 

not usually under tension when in service; however, such data are useful for purposes 

of determining the rate of cure and other properties 

3.5 Related Terms: 

Pressure vs. Stress vs. Strength: Pressure is defined as external force per unit area applied to 

an object in a direction perpendicular to the surface. Stress is defined as reaction force per 

unit area produced by the molecules of the body to counteract the pressure. The strength of 

something is how much stress it can take before it fails. 

Compressive Strength: Maximum stress a material can sustain under crush 

loading.Compressive strength is calculated by dividing the maximum load by the original 

cross-sectional area of a specimen. 

Tensile strength: 

Chemical resistant Mortar:Chemical resistant mortars have better physical properties and 

resist a wider variety of chemicals than inorganic mortars. The liquid resin may be phenolic, 

furan epoxy, polyester, vinyl ester, or some other resinous material capable of forming a 

chemical-resistant mortar when mixed with a suitable setting agent and filler. The fillers may 

be silica, carbon, or some other chemical-resistant material. 

Air-entraining Mortar: Intentional creation of tiny air bubbles in mortar. The bubbles are 

introduced into the mortar by the addition to the mix of an air entraining agent. The primary 

purpose of air entrainment is to increase the durability of the hardened concrete, especially in 

climates subject to freeze-thaw; the secondary purpose is to increase workability of the 

concrete while in a plastic state. 

3.6 Apparatus: 

Balance: (sensitive to 0.1 gm) Set of metric weights. 

Graduated measuring jar: 250-ml capacity. 

Cube molds for compressive strength:2 or 3sets of 2-in with base plates. The molds shall 

have not more thanthree cube compartments and shall be separable into not morethan two 

parts. The parts of the molds when assembled shall bepositively held together. The molds 

shall be made of hard metalnot attacked by the cement mortar. For new molds 
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theRockwellhardness number of the metal shall be not less than55 HRB. 

Mold for tension test :The molds for making briquet test specimens shall be sufficiently rigid 

to prevent deformation during molding and shall be made of corrosion-resistant material. 

Gang molds, when used, shall be of the type shown in Fig. 1. The dimensions of the briquet 

molds shall be the width of the mold, between inside faces, at waist line of briquet, 1 in. The 

width and the depth of the briquet mold at the waist line shall be 1 in. 6 0.02in. (25mm 6 

0.5mm). The molds shall conform to the dimensional requirements shown in Fig. 2. 

 

Figure 3.1:Briquet Gang Mold 

 

Figure 3.2:Briquet Specimens for Tensile Strength Test 

Mixer: Consist from stainless steel bowl with a capacity of about 5 l and stainless blade. 

Bowl has to be provided with means by which it can be fixed securely to the mixer frame 

during mixingand by which the height of the bowl in relation to the blade and the gap 

between blade and bowl can befinely adjusted and fixed. The blade is revolving about its own 

axis as it is driven in planetarymovement around the axis of the bowl by an electric motor 

(Figure 3.1). The two directions of rotation shall beopposite and the ratio between two speeds 

shall not be a whole number. The mixer shall operate atthe speeds given in Table 3.2. 

Table 3.2: Rotation of Mixing Blade 

 Rotation (min
-1

) Planetary movement (min
-1) 

Low speed 140± 5 62± 5 

High Speed 285± 5 125± 5 
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Figure 3.3: Mixing Bowl and Blade 

Tamper: A nonabsorptive, nonabrasive, nonbrittlematerial.Have a cross section of about ½ by 

1 in. (13 by 25 mm) and a convenient length of about 5 to 6 in (120 to 150 mm). The tamping 

face shall be flat and at right angles to the length of the tamper. 

Trowels: Having a steel blade 4 to 6 in. (100 to 150 mm) in length, with straight edges. 

Testing machine:Either the hydraulic or the screw type. 

Moist Cabinet or Room. 

 

3.7 Procedure for Compressive strength test: 

Composition of mortars: 

The proportion of materials for the slandered mortars shall be 1 part of cement to 2.75 parts 

of graded standard sand by weight (Table 3.4). Use a water-cement ratio of 0.485 for all 

Portland cement. The quantities of materials should be mixed at one time in the batch of 

mortar for making six and nine specimens. 

Table 3.4: Composition of Mortar 

 
Number of specimens 

6 9 

Cement (gm) 500 740 

Sand (gm) 1375 2035 

Water (ml) Portland (0.485) 242 359 

 Air-entraining (0.46) 230 340 

 

Note: For other than Portland and air- entraining Portland cements, do flow table test to 

determine the amount of mixing water. 
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Temperature and Humidity: 

1. The temperature of the air in the vicinity of the mixing slab, the dry materials, molds, 

base plates, and mixing bowl, shall be maintained between 73.5  5.5 °F (23.0  3.0 

°C). 

2. The temperature of the mixing water, moist closet or moist room, and water in the 

storage tank shall be set at 73.5  3.5 °F (23  2 °C). 

3. The relative humidity of the laboratory shall be not less than 50 %. The moist closet 

or moist room shall be so constructed as to provide storage facilities for test 

specimens at a relative humidity of not less than 95%. 

Materials: 

The sand use for making test specimens of compressive strength test shall be natural 

silica sand conforming to the requirements for graded standard sand (natural silica 

sand conforming C 778) in the following specifications (Table 3.3). 

Table 3.3: Specification for Sand 

Sieve Accumulative % Retained 

No. 16 None 

No. 30 2 2 

No. 40 30 5 

No. 50 75 5 

No. 100 98 2 

 

Preparation of mortar: 

1. Place required amount of water in dry mixing bowland add the cement. 

2. Start the mixer immediately at low speed and, after 30 s add the sand steadily during 

the next 30 s. 

3. Switch the mixer to the higher speed and continue for an additional 30 s. 

4. Stop the mixer for 1 min 30 s. During the first 15 s remove by means of a rubber 

scraper all the mortar adhering the wall and bottom part of the bowl and place in the 

middle of the bowl. 

5. Continue the mixing at the high speed for 60 s. 
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Molding Test Specimens: 

1. Apply a thin coating of release agent to the interior facesof the mold and non-

absorptive base plates. 

2. Place a layer of mortar about 1 in. (25mm) (approximately one half of the depth of the 

mold) in all of the cube compartments. Tamp the mortar in each cube compartment 32 

times in about 10 sec in 4 rounds, each round to be at right angles to the other and 

consisting of eight adjoining strokes over the surface of the specimens as illustrated in 

figure 3.2. The temping pressure shall be just sufficient to ensure uniform filling of 

the molds. The 4 rounds of temping (32 strokes) of the mortar shall be completed in 

one cube before going to the next. 

 

 

Figure 3.2: Order of Tempering in molding of Test Specimens 

3. When the temping of the first layer in all of the cube compartments is completed, fill 

the compartments with remaining mortar and then temp as specified for the first layer. 

During tamping of the second layer bring in the mortar forced out onto the tops of the 

molds after each round of tamping by means of the gloves figures and the temper 

upon completion of each round and before starting the next round of tamping. 

4. On completion of tamping, the tops of all cubes should extend slightly above the tops 

of the molds. Bring in the mortar that has been forced out on to the topes of the molds 

with a trowel and smooth off the cubes by drawing the flat side of the trowel (with the 

leading edge slightly raised) one across the top of the each cube at right angles to the 

length of the mold. Then for the purpose of leveling the mortar that protrudes above 

top of the molds of more uniform thickness, draw the fiat side of the trowel (with 

leading edge slightly raised) lightly once along the length of the mold. Cut off the 

mortar to plane surface flush with the top of the mold by drawing the straight edge of 

the trowel (held nearly perpendicular to the mold) with sawing motion over the length 

of the mold. 

5. Label or mark the moulds to identify the specimens. 

Storage of Test Specimens: 

Immediately upon completion of molding, place the test specimens in the moist closet or 

moist room. Keep all the specimens, immediately after molding, in the mold on the base 

places in the moist closet or moist room from 20 to 24 h with their upper surfaces exposed to 
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the moist air but protected from dripping water. If the specimens are removed from the mold 

before 24 h old, and then immerse the specimens, except those for the 24-h test, in saturated 

limewater in storage tanks constructed of no corroding materials. Keep the storage water 

clean by changing as required. 

Determining of compressive strength: 

1. Test the specimens immediately after their removal from the moist closet in the case 

of 24-hspecimen, and from storage water in the case of all other specimens. All the 

test specimens for a given test age should be broken under compressive force within 

the permissible time tolerance prescribed as follows: 

 

Table 3.5: Permissible Time Tolerance 

Test Age Permissible Tolerance 

24 h ½ h 

3 days 1 h 

7 days 3 h 

28 days 12 h 

If more than one specimen at a time is removed from the moist closet for the 24-h 

tests, keep the specimens covered with a damp cloth until the time of testing. If more 

than one specimen at a time is removed from the storage water of testing, keep these 

specimens in water at a temperature of 73.4 3F (23 1.7C) and have sufficient 

depth to completely immerse each specimen until the time of testing. 

2. Wipe each specimen to a surface-dry condition, and remove any loose sand grains or 

incrustations from the face that will be contact with the bearing blocks of the testing 

machine. Check these faces by applying a straightedge. If there is applicable 

curvature, grind the face or faces or discard the specimen. A periodic check of the 

cross-sectional area of the specimens should be made. Remove the specimens from 

the water not more than 15 min before the test is carried out. Cover the specimens 

with a damp cloth until tested. 

3. Apply the load to specimen faces that were in contact with the true plane surface of 

the mold. Carefully place the specimen in the testing machine bellow the center of the 

upper bearing block. Prior to the testing of each cube, it shall be ascertained that the 

spherically seated block is free to tilt. Use no cushioning or bedding materials. Apply 

the load rate at a relative rate of movement between the upper and lower platens 

corresponding to a loading on the specimen with the range of 200 to 400 lbs/s (900 to 

1800 N/s). Load is applied without interruption, to failure such a rate that the 

maximum load will be reached in neither in 20 sec nor in more than 80 sec from the 

start of loading. Make no adjustment in the controls of the testing machine while a 

specimen is yielding prior to failure. 
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Calculation: 

Record the total maximum loads indicated by the testing machine, and calculate the 

compressive strength in pounds per square inch (or in N/mm
2
 (MPa)). The compressive 

strength shall be the average of the strengths of two or three cubes for eachperiod of curing.If 

the cross sectional area of a specimen varies more than 1.5 % from the normal, Use the actual 

area for the calculation of the compressive strength. The maximum permissible range 

between specimensfrom the same mortar batch, at the same test age is 8.7 % of theaverage 

when three cubes represent a test age and 7.6 % whentwo cubes represent a test age. 

Draw the compressive strength vs. age curve on a plain graph paper. Report the result to the 

nearest 10 psi (0.1 MPa). 

The cubes are tested at the following periods: 

 Ordinary portland cement- 3, 7 and 28 days. 

 Rapid hardening portland cement- 1 and 3 days. 

 Low heat portland cement- 3 and 7 days. 

 

3.8 Procedure for Tensile strength test : 

 

Test Specimens 

All specimens for a single determination shall be made from a single mix containing 

sufficient amounts of the components in the proportions and in the manner specified by the 

manufacturer of the materials. If the proportions so specified are by volume, the constituents 

shall be weighed and the corresponding proportions by weight shall be reported. 

 

Number of Specimens: 

Prepare a minimum of six briquet specimens for each material tested. 

 

Temperature: 

Resin, Silicate, and Silica Materials—The standard temperature of the materials, molds 

apparatus, and the ambient temperature of the mixing area shall be 73 6 4°F (23 6 2°C). 

Record the actual temperature. 

Sulfur Mortars—The material shall be maintained at 275 ±15°F (135 ±8°C). The temperature 

of the molds and the ambient temperature of the mixing area shall be 73 ±4°F (23 ±2°C). 

Record the actual temperature. 

 

Molding Test Specimens: 

Assemble and lubricate the mold by applying a thin film of an appropriate mold release or 

lubricant like silicone stop-cock grease or petroleum jelly. 

 

Resin, Silicate, and Silica Materials—Mix a sufficient amount of the components in th 

proportions and in the manner specified by the manufacturer of the materials. Fill the molds 

one-half full. Remove any entrapped air by using a cutting and stabbing motion with a spatula 
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or rounded-end rod. Fill the remainder of the mold, working down into the previously placed 

portion. Upon completion of the filling operations, the tops of the specimens should extend 

slightly above the tops of the molds. When the molds have been filled, strike off the excess 

material so that it is even with the top of the mold. Permit the material to remain in the mold 

until it has set sufficiently to allow removal without danger of deformation or breakage. 

 

Silicate Materials—Some silicates may require covering during the curing period. After 

removal from the molds, acid-treat the specimens, if required, in accordance with the 

recommendations given by the manufacturer. No other treatment shall be permitted. Record 

the method of treatment in the report section under Conditioning Procedure. 

Sulfur Mortars—Assemble the mold in 6.3.1. However, cover the waist of the mold with a 

small lubricated plate.  Melt at least 2.2 lb (1.0 kg) of sulfur mortar in the melt chamber in not 

more than 1 h. Hold the temperature of themelt at 275± 15°F for at least 15 min while stirring 

gently with the laboratory mixer. (The mixer speed should be controlled so that it is sufficient 

to lift the aggregate without beating air into the melt.) Using the ladle, pour the molten sulfur 

mortar into both sides of the mold and puddle it to completely fill the space under the plate. 

Allow the plate, placed across the center of the mold, to remain in place for at least 15 min 

after the briquet has been poured. 

 

Conditioning 

Resin, Silicate, and Silica Materials—Age the test specimens for a period of seven days, 

including the cure period in the mold, at 73 6 4°F (23 ± 2°C). If a longer or 

shorterconditioning period is used, the time shall be reported. 

Sulfur Materials—Before testing, condition the specimens at 73 ± 4°F. The time between 

casting the specimen and testing the specimen shall be at least 24 h. 

 

Measurement of Specimens:  

Measure the depth and the width at the waist of each test specimen to the nearest ± 0.02 in. 
(0.5 mm).Test the specimens on the seventh day after preparation. If desired, the conditioning 

time may be lengthened or short-end to establish the age-strength relationship.Report the age 
of the specimens. Sulfur materials may be tested 24 h after preparation. Center the specimens 

carefully in the clips of the testing machine. Pull the specimens at a speed of 0.20 to 0.25 

in./min (5 to 6.4 mm/min) of crosshead movement (speed of move-ment when the machine is 
running without a load). 

 
Calculation: 

Tensile Strength :The tensile strength is equal to the stress calculated at maximum load. It is 

calculated as follows 

S = P/bd(1) 

S = stress in the specimen at the waist, psi (MPa), 
P = load at the moment of crack or break, lbf (N), 
b = width at the waist of the briquet tested, in. (mm), and 
d = depth of briquet tested, in. (mm). 
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3.9 Precautions: 

The graded standard sand should be handled in such a manner as to prevent segregation, since 

variations in the grading of the sand cause variations in the consistency of the mortar. 

Results much lower than the true strength will be obtained by loading faces of the cube 

specimen that are not truly plane surfaces. Therefore, it is essential that specimen molds be 

kept scrupulously clean, as otherwise, large irregularities in the surfaces will occur. 

If any tensile strength value differs from the mean by more than 15 %, the farthest value from 

the mean shall be rejected and the mean recalculated. Repeat the process until all the tested 

values are within 15 % of the mean. If less than two-thirds of the values remain, the test shall 

be rerun. 

In determining the compressive strength, do not considerspecimens that are manifestly faulty. 
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DATA SHEET 

Experiment Name : Test for Direct Compressive and Tensile Strength of cement mortar. 

 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Compressive Strength Test 

 

Specimen: 2 cube.     No. of Specimens: 

Cement:   gm. 

Sand:   gm. 

Water-cement ratio: 

 

Age Specimen No. Crushing Load Specimen Compressive Average 

(days)  (lb) Area (in
2
) strength (psi) compressive 

     strength 

      

      

      

      

      

      

      

      

      

      

      

      

 

Sample Calculation: 

 

 

Result: 

Compressive strength of cement mortar = 

Comments: 
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Tensile Strength Test 

Specimen:  

Width at the waist of the briquet tested, b =         in.   

Depth of briquet tested d =                                   in. . 

No. of Specimens: 

Cement:   gm. 

Sand:   gm. 

Water-cement ratio: 

 

Age Specimen No. Crushing Load Specimen Tensile Average 

(days)  (lb) Area (in
2
) strength (psi) Tensile 

     strength 

      

      

      

      

      

      

      

      

      

      

      

      

 

Sample Calculation: 

 

 

 

 

Result: 

Tensile strength of cement mortar = 

 

Comments: 
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Course Teacher : 

Designation  : 

 

 

_______________________        
Signature of the teacher         

            

       

Discussion: 

 

 

 

 

 

 

Assignment Questions: 

1. Compare your result with standard strength requirement of ordinary Portland cement 

as specified by the ASTM. Discuss on the factors responsible if you observe any 

deviation from the standard requirement. 

2. Explain curing method you adopted in your test. Explain the importance of curing in 

strength development. Explain the variation of strength of time. 

3. Why mortar sample should be cured in saturated lime water? 
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Experiment 4 
Sieve Analysis of Fine and Coarse Aggregate 
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4.1 Objective: 

The objective of this experiment is to determine the particle size distribution of fine and 

coarse aggregate by sieving. 

4.2 Introduction: 

The term sieve analysis is given to the sample operation of dividing a sample of aggregates in 

to fraction each consisting of particles between specific limits. The analysis is conducted to 

determine the grading of material proposed for use as aggregates. Gradation is determined by 

passing the materialthrough a series of sieves stacked with progressively smaller openings 

from top to bottomand weighing the material retained on each sieve. 

The term fineness modulus (F.M) is a ready index of coarseness or fineness of material. It is 

an empirical factor obtained by adding the cumulative percentages of aggregates retained on 

each of the standard sieves and dividing this sum arbitrarily by 100. No.100, No.50, No.30, 

No.16, No.8, No.4, 3/8 in.., ¾ in., 1.5 in., 3 in. and 6 in. are the ASTM standards sieves. 

4.3 Reference Standard: 

This test method conforms to the ASTM standard requirements of specification C136. 

4.4 Scope: 

This method is used primarily to determine the grading of materials proposed for use as 

aggregates or being used as aggregates. Aggregates having a smooth grading curveand 

neither a deficiency nor excess of any one particle sizegenerally produce mixtures with fewer 

voids between particles.Because cement costs more than aggregate and the cementpaste 

requirement for concrete increases with increasingvoid content of the combined aggregates, it 

is desirable tokeep the void content as low as possible. If there is notenough fine aggregate to 

fill the voids between coarse aggregateparticles, the space must be filled with cement paste. 

Suchunder-sanded mixtures also tend to be harsh and difficult tofinish. On the other hand, 

aggregate combinations withexcessive amounts of fine aggregate or excessively fine 

sandsmay produce uneconomical concretes because of the largersurface area of finer 

particles, which requires additional cement. 

Fineness Modulus (FM) is used in determining the degree of uniformity of the aggregate 

gradation. It isan empirical number relating to the fineness of the aggregate. The higher the 

FM is, the coarser theaggregateis.Determination of fineness modulus is considered as a 

method of standardization of grading ofaggregates i.e. the main object of finding fineness 

modulus is to grade the given aggregate for themost economical mix and workability with 

minimum quantity of cement. 

4.5 Related Terms: 

Aggregate:Granular material, such as sand, gravel, crushedstone, or iron blast-furnace slag, 

used with a cementingmedium to form hydraulic-cement concrete or mortar. Aggregate 

predominantly retainedon the 4.75-mm (No. 4) sieve or that portion of anaggregate retained 
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on the 4.75-mm (No. 4) sieve is termed as coarse aggregate. The portion passes through the 

4.75-mm (No. 4) sieve is called fine aggregate. 

Maximum size and nominal maximum size: In specifications for aggregates, the smallestsieve 

opening through which the entire amount of aggregateis required to pass is called the 

maximum size. The smallestsieve opening through which the entire amount of aggregateis 

permitted to pass is called the nominal maximum size. 

Sieve Number:A number used to designate the size of a sieve, usually the approximate 

number of openings per inch. The number is applied to sieves with openings smaller than 

1/4" (6.3mm).But the actual opening size is hard to estimate since the thickness of the wire 

varies (finer screens are made from finer wire). Modern practice is to refer to the screen by 

the size of the opening in microns or in millimeters. 

Gradation curve or Grading charts: Used to show the results of a sieveanalysis graphically. 

The percent passing is usually plottedon the vertical axis, while the sieve sizes are plotted on 

thehorizontal axis. 

Fineness Modulus: Using the sieve analysis results,a numerical index called the fineness 

modulus (FM) is oftencomputed. The FM is the sum of the total percentagescoarser than each 

of a specified series of sieves, divided by100. The specified sieves are the standard sieves. 

The coarser the aggregate, the higher the FM. For fine aggregateused in concrete, the FM 

generally ranges from 2.3 to 3.1. But in some cases, fine sands areused with an FM less than 

2.0and in other cases, a coarser fine aggregate with anFM higher than 3.1. 

 

4.6 Apparatus: 

Balance (sensitive to within 0.1% of the weight of the sample), Sieves (conform to ASTM 

E11), Mechanical sieve shaker, Oven (capable of maintaining a uniform temperature of 110 

5 °C (230 9 °F). 

4.7 Materials: 

Sampling: 

Thoroughly mix the sample and reduce it to an amount, so that the sample for test shall be 

approximately of the weight desired when dry. 

Fine Aggregate – 

The test sample of the aggregate (F.M) shall weight, after drying, approximately the 

following requirement: 

Aggregate with at least 85 % passing a No. 4 sieve   500 gm   

and more than 5% retained on a No .8 sieve. 

Aggregates unites at least 95% passing No. 8 sieve.   100 gm 
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Coarse aggregate- 

The weight of the test sample of coarse aggregate (C.A) shall conform to the following 

requirements: 

Aggregate with nominal maximum size of ¾ in.   10 lbs 

Coarse and Fine Aggregate mixtures- 

The weight of the test sample of CA and FA mixtures shall conform to the following: 

Table 4.1: Weight of the test sample of CA and FA mixtures 

Nominal Maximum Size, 

Square Opening, mm (in) 

Minimum Weight of Test Sample, 

kg (lb) 

9.5 (3/8) 1 (2) 

12.5 (1/2) 2 (4) 

19.0 (3/4) 5 (11) 

25.0 (1) 10 (22) 

37.5(1.5) 15 (33) 

50(2) 20 (44) 

63 (2.5) 35 (77) 

75(3) 60 (130) 

90 (3.5) 100 (220) 

100 (4) 150 (330) 

112 (4.5) 200 (440) 

125 (5) 300 (660) 

150 (6) 500 (1100) 

 

4.8 Procedure: 

Procedure for FA and CA: 

1. Dry the sample to constant weight at a temperature of 110  50
o
 C. 

2. Nest the sieve in order of decreasing size of opening from top to bottom and place the 

sample on the top sieve. 

3. Agitate the sieves by hand or by mechanical apparatus for a sufficient period, say 15 
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minutes. The manual method should be performed in a proper sequence (forward and 

backward motion, left and right motion, clockwise (CW) and counter-clockwise 

(CCW) motion and frequent jolting). 

4. Limit the Quantity of material on a given sieve so that all particles have the 

opportunity to reach sieve openings a number of times during the sieving 

operation.For sieves with openings smaller than 4.75 mm (No. 4), the weight retained 

on any sieve at the completion of the sieving operation shall not exceed 6 kg/m
2
 (4 

g/in
2
 ) of sieving surface. For sieves with openings 4.75mm (No. 4) and larger, the 

weight in kg/m of sieving surface shall not exceed the product of 2.5 *(sieve opening 

in mm). In no case shall the weight be so great as to cause permanent deformation of 

the sieve cloth. 

5. Continue sieving for a sufficient period and in such manner that; after completion, not 

more than 1 weight % of the residue on any individual sieve will pass that sieve 

during 1 minute of continuous hand sieving. 

6. In case of using mechanical sieve shaker, place the fine aggregate sample in the top 

sieve, place lid on top of sieve stack, and agitate for 10 to 15 minutes. 

7. Carefully remove the sieves one at a time and weigh each sieve with its retained 

aggregate. Calculatethe mass of material retained on each sieve deducting the weight 

of corresponding sieve. Determine the weight of each size increment by weighing on 

a scale or balance to the nearest 0.1% of the total original dry sample weight. The 

total weight of the material after sieving should check closely with original weight of 

sample placed on the sieves. If the amount differs by more than 0.3% based on the 

original dry sample weight, the results should not be used for acceptance purposes. 

Calculation 

Calculate percentages passing, total percentage retained, or percentages in various size 

fractions to the nearest 0.1% on the basis of the total weight of the initial dry sample. 

Calculate fineness modulus (FM) by adding the total percentage of material in the sample that 

is coarser than each of the flowing standard sieves (Cumulative percentage retained), and 

dividing the sum by 100: 150-m (No. 100), 300-m (No. 50), 600-m (No. 30), 1.18-mm 

(No. 16), 2.23-mm (No. 8), 4075-mm (3/8-in), 37.5-mm (1.5 in), and larger (3 in or 6 in). If 

any non-standard sieve is used, add the cumulative percent retain of this sieve to the next 

lower sized standard sieve during FM calculation. 

Plot the percent passing values vs. sieve opening on the Gradation Chart (semi-log graph 

paper). 

Report 

The report shall include the following: 

1. Total percentage of material passing each sieves, or  

2. Total percentage of material retained on each sieves, or  

3. Percentage of material retained between consecutive sieves. 
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Report the fineness modulus when required, to the nearest 0.01. 

 

4.9 Instructions: 

Following points must be kept in mind while calculating the FM: 

i. Only sum up the values of standard sieves and do not include the values of the non-

standard sieves. 

ii. Only add the sieves of 150μm and above sizes. 

iii. If any standard sieve is missing, we may use the value of next higher sieve. 

iv. Adding extra sieves does not change the result of FM. 

Connect through straight lines between the points in Gradation Chart. 
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DATA SHEET 

Experiment Name : Sieve Analysis of Fine and Coarse Aggregate. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

For Fine Aggregate 

Sieve 

Number 

Sieve 

Opening 

(mm) 

Sieve with 

Material 

(gm) 

Weight of 

Sieve 

(gm) 

Material 

Retained 

(gm) 

% 

Material 

Retained 

Cumulative 

% Retained 

% 

Finer 

#4 4.75       

#8 2.36       

#16 1.18       

#30 0.60       

#50 0.30       

#100 0.15       

Pan        

Total        

 

FMFA = 

 

For Coarse Aggregate 

Sieve 

Number 

Sieve 

Opening 

(mm) 

Sieve with 

Material 

(gm) 

Weight of 

Sieve 

(gm) 

Material 

Retained 

(gm) 

% 

Material 

Retained 

Cumulative 

% Retained 

% Finer 

3 in 75       

3/2 in 37.5       

3/4 in 19       

3/8 in 9.5       

#4 4.75       

#8 2.36       

#16 1.18       

#30 0.60       

#50 0.30       

#100 0.15       

Pan        

Total        
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FMCA = 

 

FMCombined = (m1FMFA+ m2FMCA )/(m1+m2) m1= amount of FA 

m2= amount of CA  
      = 

 

 

 

For Combined Aggregate 

Sieve 

Number 

Sieve 

Opening 

(mm) 

Sieve with 

Material 

(gm) 

Weight 

of Sieve 

(gm) 

Material 

Retained 

(gm) 

% 

Material 

Retained 

Cumulative 

% Retained 

% Finer 

3 in 75       

3/2 in 37.5       

3/4 in 19       

3/8 in 9.5       

#4 4.75       

#8 2.36       

#16 1.18       

#30 0.60       

#50 0.30       

#100 0.15       

Pan        

Total        

 

FMCombined = 

 

 

 

 

 

 

Result: 
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Comment: 

 

 

 

 

 

 

 

 

Course Teacher : 

Designation  : 

 

          

________________________      

Signature of the Teacher  

 

Discussion: 

 

 

 

 

 

 

Assignment Questions: 

1. In what sizes of particle the aggregate are deficient or oversupplied? How might this 

be remedied in a practical way? 

2. What is mean by ‘good grading’? 

3. What is the practical use of controlling the grading of concrete aggregate? 

4. How does the fineness modulus of aggregate affect the strength of concrete? 

5. What are the types of gradation? Explain with qualitative sketch. 
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Experiment 5 
Specific Gravity (Relative Density) and Absorption 

Capacity of Fine aggregate 
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5.1 Objective: 

This test method covers the determination of the Specific Gravity and Absorption Capacity of 

fine aggregate. 

5.2 Introduction: 

Aggregates generally contain pore, both permeable and impermeable, for which specific 

gravity has to be carefully defined. With this specific gravity of each constituent known, its 

weight can be converted into solid volume and hence a theoretical yield of concrete per unit 

volume can be calculated. Specific gravity of aggregate is also required in calculating the 

compacting factor in connection with the workability measurements. This test method covers 

the determination of bulk and apparent specific gravity, 23/23
0
C (73.4/72.4

0
F) and absorption 

of fine aggregate. 

Bulk specific gravity is defined as the ratio of the weight of the aggregate (oven-dry or 

saturated surface dry) to the weight in air of an equal volume ofgas free distilled water at the 

stated temperature. This is used for i) calculation of the volume occupied by the aggregate in 

various mixtures containing aggregate on an absolute volume basis, ii) the computation of 

voids in aggregate, and iii) the determination of moisture in aggregate. 

Apparent specific gravity is the ratio of the weight of the aggregate dried in an oven at 100 to 

110
0
C (212 to 230

0
F) for 24 hrs. to the weight of water occupying a volume equal to that of 

the solid including the impermeable pores. This pertains to the relative density of the solid 

material making up the constituent particles not including the pore space within the particles 

that is accessible to water. 

Absorption values are used to calculate the change in the weight of an aggregate due to water 

absorbed in the pore spaces within the constituent particles, compared to the dry condition. 

For an aggregate that has been in contact with water and that has free moisture on the particle 

surface, the percentage of free moisture can be determined by deducting the absorption from 

the total moisture content. 

5.3 Reference Standard: 

This test method conforms to the ASTM standard requirement of specification C128. 

5.4 Scope: 

Relative density (specific gravity) is the characteristic generally used for calculation of the 

volume occupied by the aggregate in various mixtures containing aggregate including 

portland cement concrete, bituminous concrete, and other mixtures that are proportioned or 

analyzed on an absolutevolume basis. Relative density is also used in the computation of 

voids in aggregate. 

Relative density (SSD) is used in the determination of surface moisture on fine aggregate if 

the aggregate is wet, that is, if its absorption has been satisfied. Conversely, the density or 
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relative density (specific gravity) (OD) is used for computations when the aggregate is dry or 

assumed to be dry. Apparent densityis not widely used in construction aggregate technology. 

Aggregates stockpiled usually carry some free or surfacemoisture that becomes part of the 

mixing water. Freshlywashed coarse aggregates contain free water, but becausethey dry 

quickly, they are sometimes in an air-dry state whenused, and they absorb some of the mixing 

water.Tocalculatethe mixing water content of concrete, the absorption of theaggregates and 

their total moisture contents must be known. 

5.5 Related Terms: 

SSD (Saturated-surface-dry): The condition in which the permeable pores of aggregate 

particles are filled with water to the extent achieved by submerging in water for the 

prescribed period of time, but without free water on the surface of the particles. 

Density (OD): The mass of oven-dry aggregate particles per unit volume of aggregate 

particles including the volume of permeable and impermeable pores within particles, but not 

including the voids between the particles. 

Density (SSD):The mass of saturated-surface-dry aggregate per unit volume of the aggregate 

particles, including the volume of impermeable pores and permeable, water-filled pores 

within the particles, but not including the voids between the particles. 

Apparent density: The mass per unit volume of the impermeable portion of the aggregate 

particles. 

Absorption: The increase in mass of aggregate due to water penetrating into the pores of the 

particles during a prescribed period of time but not including water adhering to the outside 

surface of the particles, expressed as percentage of the dry mass. 

Bulk specific gravity: Oven-dry mass dividedby the mass of a volume of water equal to the 

SSD aggregatevolume; while SSD bulk specific gravity is the saturatedsurface-dry mass 

divided by the mass of a volume of water equalto the SSD aggregate volume. Most normal 

weight aggregateshave a bulk specific gravity SSD between 2.4 and 2.9. 

Free (Surface) Moisture: Moisture in excess of that required for saturated surface dry(SSD) 

condition in aggregate. 

5.6 Apparatus: 

Balance- Sensitive to 0.1g or less. 

Pycnometer- A flask or other suitable container of 1000 ml capacity. The volume of the 

container filled to mark shall be at least 50% greater than the space required to accommodate 

the test sample of fine aggregate. 

Mold- A Metal mold in the form of a frustum of a cone with dimensions as follows: 

 40  3 mm inside diameter at the top 
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 90  3 mm inside diameter at the bottom 

 75  3 mm in height 

 0.8 mm minimum thickness of metal 

Tamper- A metal tamper weighing 35015g and having a flat circular tamping face 25  3 

mm in diameter. 

5.7 Test Conditions: 

Temperature: 

1. Maintain the temperature of the room and of the mixing water at 23/23°C 

(73.4/73.4°F). 

2. The drying temperature of aggregate at oven should be 110  5C (230 9F). 

5.8 Procedure: 

Preparation of Test Specimen: 

a) Obtain approximately 1kg sample of fine aggregate. 

b) Dry it in a suitable pan or vessel to constant weight at a temperature of 110  5° (230 

 9°F). Allow it to cool to comfortable handing temperature, cover with water, either 

by immersion or by the addition of at least 6% moisture to the fine aggregate, and 

permit to stand for 24 4hr. 

c) Decant excess water with care to avoid loss of fines, spreads the sample on a flat 

nonabsorbent surface exposed to a gently moving current of warm air, and stir 

frequently to secure homogeneous drying. Continue this operation until the test 

specimen approaches a free-flowing condition. 

d) Cone test for surface moisture- Place a portion of the partially dried fine aggregate 

loosely in the mold by filling it to overflowing and heaping additional material above 

the top of the mold by holding it with the cupped fingers of the hand holding the 

mold. Lightly tamp the fine aggregate into the mold with 25 light drops of the tamper. 

Each drop should start about 5 mm (0.2 in.) above the top surface of the fine 

aggregate. Permit the tamper to fall freely under gravitational attraction on each drop. 

Adjust the starting height to the new surface elevation after each drop and distribute 

the drops over the surface. Remove loose sand from the base and lift the mold 

vertically. If surface moisture is still present, the fine aggregate will retain the molded 

shape. Continue drying with constant stirring and test at frequent intervals until the 

cone of the sand slumps upon the removal of mold. When the fine aggregate slumps 

slightly if indicates that it has reached a surface dry condition. These various stages 

are shown diagrammatically in Figure 5.1. 
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Bone dry or Oven dry 

(OD) 

Air dry Saturated and surface 

dry (SSD) 

Moist or Wet 

 

Figure 5.1: Diagrammatic Representation of Moisture in aggregate 

 

If the first trial of the surface moisture test indicate that moisture is not present on the 

surface, it has been dried past he saturated surface-dry condition. In this case 

thoroughly mix a few milliliters of water with the fine aggregate and permit the 

specimen to stand in a covered container for 30 minutes. Then resume the process of 

drying and testing at frequent interval for the onset of the surface-dry condition. 

Test on Sample 

Partially fill the pycnometer with water. Immediately introduce into the pycnometer 500  10 

gm of saturated surface-dry fine aggregate prepared and fill with additional water to 

approximately 90% of capacity. Roll, Invert, and agitate the pycnometer to eliminate all air 

bubbles. Adjust its the temperature to 23  1.7°C (73.4  3°F), if necessary by immersion in 

circulating water, and bring the water level in the pycnometer to its calibrated capacity. 

Determine the total weight of the pycnometer, specimen, and water. 

Remove the fine aggregate from the pycnometer, dry to constant weight at a temperature of 

110  5°C (230 9°F), cool in air at room temperature for 1 ½ hr., and weight.  

Determine the weight of the pycnometer filled to its calibration capacity with water at 

231.7°C (73.43°F). 

Calculation 

Bulk specific Gravity (oven-dry basis), Sd: Calculate the bulk specific gravity, 23/23°C 

(73.4/73.4°F) as follows- 

Bulk sp. gravity (OD) =
A

 B+S-C
  

Where, 

 A = weight of oven-dry specimen in air, gm, 

 B = weight of pycnometer filled with water, gm, 

 S = weight of the saturated surface-dry specimen in air, gm and 

 C = weight of pycnometer with specimen and water to calibration mark, gm. 
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Bulk specific Gravity (saturated surface-dry basis), Ss: Calculate the bulk specific gravity, 

23/23°C (73.4/73.4°F) on the basis of weight of saturated surface-dry aggregate as follows- 

Bulk sp. gravity (SSD) =
S

 B+S-C
  

Apparent specific Gravity,Sa: Calculate the apparent specific gravity, 23/23°C (73.4/73.4°F) 

as follows- 

Apparent sp. gravity = 
A

 B+A-C
  

Absorption, A: Calculate the percentage of absorption as follows- 

Absorption (%) = 
S-A

 A
 x100 

Or,  Absorption (%) = 
Sa - Ss

 Sa(Sa-1)
 x100 

Report 

Report specific gravity results to the nearest 0.01 and absorption to the nearest 0.1%. 

5.9 Instructions: 

The pores in lightweight aggregates are not necessarily filled with water after immersion for 

24 h. In fact, the absorption potential for many such aggregates is not satisfied after several 

days’ immersion in water. Therefore, this test method is not intended for use with lightweight 

aggregate. 
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DATA SHEET 

Experiment Name : Specific Gravity and Absorption Capacity of Fine aggregate. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

SL 

Wt. of OD 

Sand, 

A (gm) 

Wt. of 

Pycnometer 

+ Water, 

B (gm) 

Wt. of 

Pycnometer 

+ Water + 

Sand, 

C (gm) 

Wt. of 

SSD 

Sand, 

S (gm) 

Bulk 

Sp. Gr. 

(OD) 

Avg. 

Bulk 

Sp. Gr. 

(OD) 

Bulk 

Sp. 

Gr. 

(SSD) 

Avg. 

Bulk 

Sp. 

Gr. 

(SSD) 

App. 

Sp. 

Gr. 

Avg. 

App. 

Sp. 

Gr. 

Abso- 

rption 

(%) 

Avg. 

Abso- 

rption 

(%) 

             

         

         

         

         

 

Sample Calculation: 

 

 

 

 

 

 

 

Result: 

Bulk specific Gravity (oven-dry basis), Sd= 

 Bulk specific Gravity (saturated surface-dry basis), Ss= 

 Apparent specific Gravity, Sa= 

 Absorption (%) = 
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Comments: 

 

 

 

 

 

 

 

 

 

 

Course Teacher : 

Designation  : 

 

          

________________________      

Signature of the Teacher   

 

Discussion: 

 

 

 

 

 

 

 

 

Assignment Questions: 

1. What is the distinction between apparent and bulk specific gravity? 
2. Explain the significance of specific gravity of aggregate. 
3. Explain the volume change of fine aggregate with moisture content. 
4. How would the determination of bulk specific gravity of fine aggregate (surface-dry 

basis) be affected by the 500gm sample being drier than the surface-dry condition? 
5. Would the apparent specific gravity be affected in the same manner as in question no. 

04? Explain. 
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Experiment 6 
Specific Gravity and Absorption Capacity of Coarse 

aggregate 
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6.1 Objective: 

The objective of this experiment is to determine the Specific Gravity and Absorption 

Capacity of coarse aggregate. 

6.2 Introduction: 

This test method covers the determination of specific gravity and absorption of coarse 

aggregate. The specific gravity may be expressed as bulk specific gravity, bulk specific 

gravity (saturated-surface-dry (SSD)), or apparent specific gravity. The bulk specific gravity 

(SSD) and absorption are based on aggregate after 15 hours soaking in water. All the 

terminology and their uses are same as for the specific gravity and absorption of fine 

aggregate (see Experiment-05). 

6.3 Reference Standard: 

This test method conforms to the ASTM standard requirement of specification C127. 

6.4 Scope: 

Same as for the specific gravity and absorption of fine aggregate (see Experiment-05). 

6.5 Related Terms: 

Same as for the specific gravity and absorption of fine aggregate (see Experiment-05). 

6.6 Apparatus: 

Balance- Sensitive to 0.05% of the sample weight at any point within the range used for the 

test, or 0.5g, whichever is greater. 

Sample container- A wire basket of 3.35 mm (No.6) or finer mesh, or a bucket of 

approximately equal breath and height; with a capacity of 4 to 7 liters for 37.5mm (1.5in.) 

nominal maximum size aggregate. The container shall be constructed so as to prevent 

trapping air when the container is submerged. 

Water tank- A watertight tank into which the sample container may be placed while 

suspended below the balance. 

Sieves-4.75 mm (No.4) sieve or other sizes as needed. 

6.7 Test Conditions: 

Temperature: 

1. Maintain the temperature of the room and of the mixing water at 23/23°C 

(73.4/73.4°F). 

2. The drying temperature of aggregate at oven should be 110  5C (230 9F). 
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6.8 Procedure: 

Sampling 

Thoroughly mix the sample of aggregate and reduce it to the approximate quantity needed. 

Reject all material passing a 4.75 mm (No. 4) sieve by sieving and thoroughly washing to 

remove dust or other coatings from the surface. If the coarse aggregate contains a substantial 

quantity of material finer than the 4.75 mm sieve use the 2.36 mm (No.8) sieve in place of the 

4.75 mm sieve.The minimum weight of test sample to be used is given below: 

Table 6.1: Minimum Weight of Test Sample 

Nominal Maximum Size Minimum Weight of Test 

mm (inch) Sample, kg (1b) 

12.5(1/2)or less 2(4.4) 

19.0 (3/4) 3(6.6) 

25.0(1) 4(8.8) 

37.5(1½) 5(11) 

50(2) 8(18) 

63(2½) 12(26) 

75(3) 18(40) 

90 (3½) 25(55) 

100(4) 40(88) 

112(4½) 50(100) 

125(5) 75(165) 

150(6) 125(276) 

 

Experimental Procedure 

Dry the test sample to constant weight at a temperature of 110  5C (230  9F),cool in air 

at room temperature for 1 to 3 hr. for test samples of 37.5mm (1.5in.) nominal maximum 

size, or longer for larger sizes until the aggregate has cooled to a temperature that is 

comfortable to handle (approximately 50C). Subsequently immerse the aggregate in water at 

room temperature for a period of 15 to 19 hrs. 

Remove the test sample from the water and roll it in a large absorbent cloth until all visible 

films of water are removed. Wipe the larger particles individually. A moving stream of air 

may be used to assist in the drying operation. Take care to avoid evaporation of water from 

aggregate pores during the operation surface drying. Weigh the test sample in the saturated 

surface–dry condition. Record this and all subsequent weights to the nearest 0.5 g. or 0.05% 

of the sample weight, whichever is greater. 

After weighing, immediately place the saturated-surface-dry test sample container and 

determine its weight in water at 23 1.7C (73.43F), having a density of 997  2 kg/m
3
. 

Take care to remove all entrapped air before weighing by shaking the container while 

immersed. 
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Dry the test sample to constant weight at a temperature of 110 5°C (230 9°F), cool in air at 

room temperature 1 to 3 hr., or until the aggregate has cooled to a temperature that is 

comfortable to handle (approximately 50°C), and weigh. 

Calculation 

Bulk specific Gravity (oven-dry basis), Sd: Calculate the bulk specific gravity, 23/23°C 

(73.4/73.4°F) as follows- 

Bulk sp. gravity (OD) =
A

 B-C
  

Where, 

 A = weight of oven-dry specimen in air, gm, 

 B = weight of the saturated surface-dry specimen in air, gm and 

 C = weight of saturated specimen in water, gm. 

Bulk specific Gravity (saturated surface-dry basis), Ss: Calculate the bulk specific gravity, 

23/23°C (73.4/73.4°F) on the basis of weight of saturated surface-dry aggregate as follows- 

Bulk sp. gravity (SSD) =
B

 B-C
  

Apparent specific Gravity,Sa: Calculate the apparent specific gravity, 23/23°C (73.4/73.4°F) 

as follows- 

Apparent sp. gravity = 
A

 A-C
  

Absorption, A: Calculate the percentage of absorption as follows- 

Absorption (%) = 
B-A

 A
 x100 

Or,  Absorption (%) = 
Sa - Ss

 Sa(Sa-1)
 x100 

Report 

Report specific gravity results to the nearest 0.01 and absorption to the nearest 0.1%. 

6.9 Instructions: 

This test method is not intended to be used with lightweight aggregate. 
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DATA SHEET 

Experiment Name : Specific Gravity and Absorption Capacity of Coarse aggregate. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

SL 

Wt. of 

OD CA, 

A (gm) 

Wt. of 

SSD 

CA, 

B (gm) 

Wt. of 

CA in 

Water, 

C (gm) 

Bulk Sp. 

Gr. 

(OD) 

Avg. 

Bulk Sp. 

Gr. 

(OD) 

Bulk Sp. 

Gr. 

(SSD) 

Avg. 

Bulk Sp. 

Gr. 

(SSD) 

App. 

Sp. Gr. 

Avg. 

App. 

Sp. Gr. 

Abso- 

rption 

(%) 

Avg. 

Abso- 

rption 

(%) 

            

        

        

        

        

 

Sample Calculation: 
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Result: 

Bulk specific Gravity (oven-dry basis), Sd= 

 Bulk specific Gravity (saturated surface-dry basis), Ss= 

 Apparent specific Gravity, Sa= 

 Absorption (%) = 

 

Comments: 

 

 

 

 

 

 

 

 

 

Course Teacher : 

Designation  : 

 

          

________________________      

Signature of the Teacher       

 

Discussion: 

 

 

 

 

 

Assignment Questions: 

1. Discuss the influence of the aggregate upon its bulking characteristics when damp. 
2. Discuss the effect of damp aggregate upon the mixture proportion. 
3. What difficulties arise in the use of aggregates which absorb water? How they 

overcome (a) in the laboratory and (b) on the job. 
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Experiment 7 
Unit Weight and Voids in Aggregate 
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7.1 Objective: 

The objective of this experiment is to determine the unit weights of and voids in a sample of 

coarse, fine or mixed aggregate. 

7.2 Introduction: 

This test method covers the determination of unit weight a compacted or loose condition of 

fine and coarse aggregates. The procedure yields values based onaggregatesin a dry 

condition.Unit weight values of aggregates are necessary for use for many methods of 

selecting proportions for concrete mixtures. They may also be used for determining 

mass/volume relationships for conversions and calculating the percentages of voids in 

aggregates. Voids with him particles, either permeable or impermeable, are not included in 

voids as determined by this test method. 

7.3 Reference Standard: 

This test method conforms to the ASTM standard requirements of specification C29. 

7.4 Scope: 

The results of this test are frequently used when materials are proportioned on a volume basis 

or where a minimum density is specified by the governing agency. The test is also useful in 

determining mass/volume relationships for purchase agreements. 

If we know the bulk density of aggregate material than we can easily calculate the mass 

required to fill a unit volume container. Bulk Density also indicates the %age of voids present 

in the aggregate material. This %age of voids effects the grading of the aggregate which is 

important in higher strength concrete.When measured on any aggregate of a known grading, 

uncompacted void content provides an indication of the aggregate’s angularity, spherical 

shape, and surface texture. 

Bulk Density depends upon how densely the aggregate is packed.It also depends upon the 

size, distribution and shape of the particles.If particles are of the same size then it can be 

packed to a limited extent butwhen the smaller particles are added, the voids get filled with 

them and thusthe bulk density increases.For a coarse aggregate a higher bulk density means 

that there are few voidswhich are to be filled by the fine aggregate and cement. 

7.5 Related Terms: 

Air void: is a space filled with air. The void contents ranges from about 35 to 40 % for coarse 

aggregates. The void contents ranges from about 40 to 50 % for fine aggregates. 

Unit weight or bulk density:the mass/weight of a unit volume of bulk aggregate material, in 

which thevolume includes the volume of the individual particles and the volume of the voids 

between theparticles. The unit weights of both fine and coarse normal-weight aggregates 

falling within the ASTM grading limits are generally in the range 1450 to 1750 kg/m
3
 (90 to 

110 lb/ft
3
). The unit weight of the mixture of FA and CA is maximum when the fine 

aggregate content is 35 to 40 % of the weight of total aggregate. 
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Light weight aggregate: The unit weight of aggregate is less than 1120 kg/m
3
. The 

corresponding concrete has a bulk density less than 1800 kg/m
3
. (cinder, blast furnace slag, 

volcanic pumice). 

Normal weight aggregate: The aggregate has unit weight of 1520-1680 kg/m
3
. The concrete 

made with this type of aggregate has a bulk density of 2300-2400 kg/m
3
. 

Heavy weight aggregate: The unit weight is greater than 2100 kg/m
3
. The bulk density of the 

corresponding concrete is greater than 3200 kg/m
3
. A typical example is magnesite limonite, 

a heavy iron ore. Heavy weight concrete is used in special structures such as radiation 

shields. 

Absolute Density: It is the mass per unit volume of individual particles only. 

7.6 Apparatus: 

Tamping rod- A round, straight steel rod, 5/8 in (16mm) in diameter and approximately 24in 

(600) in length, having one end rounded to a hemispherical tip of the same diameter as the 

rod. 

Balance- Accurate within 0.1% of the test load and graduated at least 0.1 lb (0.05 kg). 

Shovel or Scoop-A shovel or scoop of convenient size for filling the measure with aggregate. 

Table 7.1: Capacity of Measures 

Nominal Maximum size of Aggregate Capacity of Measure 

inch mm ft
3
 litre(m

3
) 

0.5 12.5 1/10 2.8(0.0028) 

1 25.0 1/3 9.3(0.0093) 

1.5 37.5 1/2 14(0.014) 

3 75 1 28.(0.028) 

4.5 112 2.5 70(0.070) 

6 150 3.5 100(0.100) 

 

Table 7.2: Requirements for Measures 

Capacity of Measure Thickness of Metal(minimum) 

Bottom Upper 1.5 in or 38mm of 
wall 

Remainderof wall 

Less than 0.4 ft
3
 0.20 in 0.10 in. 0.10 in. 

0.4ft
3
 to 1.5 ft

3
,incl. 0.20 in 0.20 in 0.10 in 

Over 1.5 to 2.8 ft
3
,incl. 0.20 in 0.25 in. 0.15 in. 

Over 2.8 to 4.0 ft
3
,incl. 0.40 in 0.30 in. 0.20 in. 

Less than 11 litre 0.50 in 2.5 mm. 2.5 mm. 

11 to 42 litre,incl. 5.0 mm 5.0 mm. 3.0 mm. 

Over 42 to 80 litre,incl. 10.0 m 6.4 mm. 3.8 mm. 
Over 80 to 133 litre,incl. 13.0 mm 7.6 mm. 5.0 mm. 
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Note- The indicated size of measure shell be used to test aggregates of a nominal maximum size equal 

to or smaller than that listed. The actual volume of the measure shall be at least 95% of the normal 

volume listed. 

Note- The added thickness in the upper portion of the wall may be obtained by placing a reinforcing 

band around the top of the measure. 

 

Measure- A cylindrical metal measures preferably provided with handles. It shall be 

watertight, with the top and bottom true and even, and sufficiently rigid to retain its form 

under rough usage. The measure shall have a height approximately equal to the diameter; but 

in no case shall the height be less than 80% nor more than 150% of the diameter. The 

capacity of the measure shell conforms to the limits in Table-7.1 for the aggregate size to be 

tested. The thickness of metal in the measure shall conform to the limits in as described in 

Table-7.2. The interior wall of the measure shall be smooth and continuous surface. 

Calibration Equipment-A piece of plate glass ,preferably at least ¼ in. (6mm)thick and at 

least 1in(25mm)larger than the diameter of the measure to be calibrated.A supply of water 

pump or chassis grease that can be placed on the rim of the container to prevent leakage. 

7.7 Test Conditions: 

Temperature: 

Drying temperature of the sample of aggregate to essentially constant mass in an oven is 

preferably be 230 ± 9°F (110 ± 5°C). 

The measure should be calibrated with water at room temperature. 

7.8 Procedure: 

Sampling 

The size of the sample shell be approximately 125 to 200% of the quantity required to fill the 

measure, and shall be handled in a manner to avoid segregation. Dry the aggregate sample to 

essentially constant mass in an oven at 230±9°F(110±5°C). 

Calibration of Measure 

1. Fill the measure with water at room temperature and cover with a piece of plate glass 

in such a way as to eliminate bubbles and excess water. 

2. Determine the mass of the water in the measure using the balance. 

3. Measure the temperature of the water and determine its density from Table-7.3, 

interpolating if necessary. 

4. Calculate the volume, V, of the measure by the dividing the mass of the water 

required to fill the measure by its density. Alternatively, calculate the factor for the 

measure F(=1/V) by dividing the density of the water by the mass required to fill the 

measure. 

5. Measures shall be recalibrated at least once a year or whenever there is reason to 

question the accuracy of the calibration. 



Page | 56 
 

Table 7.3: Density of Water 

Temperature
 

Density 
0
F 

0
C lb/ft

3
 kg/m

3
 

60 15.6 62.366 999.01 

65 18.3 62.366 998.54 

70 21.1 62.301 997.97 

(73.4) (23.0) (62.274) (997.54) 

75 23.9 62.261 997.32 

80 26.7 62.216 996.59 

85 29.4 62.166 995.85 

 

Selection of Procedure 

Their different procedure is generally followed for the determination of unit weight. They are 

a)Shoveling procedure, b) Rodding procedure and c) Jigging procedure. 

The shoveling procedure for loose unit weight shall be used only when specifically stipulated. 

Otherwise, the compact unit weight shall be determined by the rodding procedure for 

aggregates having a nominal maximum size of 1.5 in. (37.5mm) or less, or by the jigging 

procedure for aggregates having a nominal maximum size greater than 1.5in. (37.5mm) and 

not exceeding 6 in. (150mm). 

A. Shoveling procedure: 

Fill the measure to overflowing by means of a shovel or scoop, discharging the aggregate 

from a height not exceeding 2 in. (50mm) above the top of the measure. Exercise care to 

prevent, so far as possible, segregation of the particle sizes of which the sample is composed. 

Level the surface of the aggregate with the fingers or a straightedge in such a way that any 

slight projections of the larger pieces of the coarse aggregate approximately balance the 

larger voids in the surface below the top of the measure. 

Determine the mass of the measure plus its contents, and the mass of the measure alone, and 

record the values to the nearest 0.1 lb. (0.05kg). 

B. Rodding procedure: 

Fill the measure one-third full and level the surface with the fingers. Rod the layer of 

aggregate with 25 strokes of the tamping rod evenly distributed over the surface. Fill the 

measure two-thirds full and again level and rod as above. Finally, fill the measure to 

overflowing and rod again in the manner previously mentioned. Level the surface of the 

aggregate with the fingers or a straightedge in such a way that any slight projections of the 

larger pieces of the coarse aggregate approximately balance the larger voids in the surface 

below the top of the measure. 

In rodding the first layer, do not allow the rod to strike the bottom of the measure forcibly. In 

rodding the second and the third layers, use vigorous effort, but do not apply such a force as 

to cause the temping rod to penetrate to the previous layer of aggregate. 
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Determine the mass of the measure plus its contents, and the mass of the measure alone, and 

record the values to the nearest 0.1 lb. (0.05kg). 

C. Jigging procedure: 

Fill the measure in three approximately equal layers as described previously, compacting 

each layer by placing the measure on a firm base such as a cement-concrete floor, raising the 

opposite sides alternately about 2 in. (50mm), and allowing the measure to drop in such a 

manner as to hit with a sharp, slapping blow. The aggregate particles, by this procedure, will 

arrange themselves in a densely compacted condition. Compact each layer by dropping the by 

measure 50 times in the manner described, 25 times on each side. Level the surface of the 

aggregate with the fingers or a straightedge in such a way that any slight projections of the 

larger pieces of the coarse aggregate approximately balance the larger voids in the surface 

below the top of the measure. 

Determine the mass of the measure plus its contents, and the mass of the measure alone, and 

record the values to the nearest 0.1 lb. (0.05kg). 

Calculation 

Unit weight: Calculate the unit weight for the rodding procedure as follows- 

M= 
G-T

 V
   or,   M= (G-T) x F 

Where, 

M= Unit weight of the aggregate, lb/ft
3
 (kg/m

3
), 

G=Mass of the aggregate plus the measure,lb. (kg), 

T= Mass of the measure, lb. (kg), 

V=Volume of the measure,ft
3
(m

3
) and 

F=Factor for measure,ft
-3

(m
-3

). 

The unit weight determined by this test method is for aggregate in an oven-dry condition. If 

the unit weight in terms of saturated-surface (S.S.D) condition is desired, use the exact 

procedure in this test method, and then calculate the SSD unit weight using the following 

formula 

MSSD= M [ 1+
A

 100
 ] 

Where 

MSSD=Unit weight in SSD condition, lb/ft
3
(kg/m

3
) and 

A=% absorption, determined in accordance with test Method C127 or Test Method C128 (see 
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Expt.no-5 or 6). 

Void content: Calculate the void content in the aggregate using the unit weight determined by 

rodding procedure as follows- 

% Voids= 100
(SxW) - M

 (SxW)
  

Where 

M= Unit weight of the aggregate,lb/ft
3
(kg/m

3
), 

S= Bulk specific gravity (dry basic) as determined in accordance with Test Method C 127or 

Test Method C 128(see Expt. no.-5 or 6)and 

W= Density of water, 62.4lb/ft
3
(998 kg/m

3
). 

Report 

Report the results for unit weight to the nearest llb/ft
3
(10kg/m

3
) as follows- 

a) unit weight by rodding 

b) loose unit weight. 

Report the results for the void content to the nearest 1% as follows- 

a) voids in aggregate compacted by rodding , % 

b) voids in loose aggregate, % 

7.9 Instructions: 

The method is applicable to aggregates not exceeding 5 in. [125 mm] in nominal maximum 

size. 

If the measure may also be used for testing for unit weight of concrete, the measure should be 

made of steel or other suitable metal not readily subject to attack by cement paste. 
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DATA SHEET 

Experiment Name : Unit Weight and Voids in Aggregate. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Bulk specific gravity (OD basis), (choose A and S from your previous experiments) 

SFA= _________________   SCA= _________________  

Absorption capacity (%), 

AFA=_________________   ACA=_________________ 

Density of water, W= 

Type of 

aggregate 

Test 

Method 

Wt. of 

Bucket, 

T (kg) 

Wt. of 

Bucket+ 

Material, 

G (kg) 

Volume 

of 

Bucket, 

V (m
3
)  

Unit 

wt., M 

(kg/m
3
) 

Avg. 

Unit 

wt., M 

(kg/m
3
) 

SSD 

Unit 

wt., 

MSSD 

(kg/m
3
) 

% 

Void 
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Sample Calculation: 

 

 

 

 

 

 

Results: 

 

 

Comments: 

 

 

 

 

Course Teacher : 

Designation  : 

         

________________________      

Signature of the Teacher   

 

Discussion: 

 

 

Assignment Questions: 

1. What would be the effect upon the unit weight if the fine and coarse aggregates be 
combined? 

2. What would be the effect upon the unit weight if the aggregate be placed in the 
cylinder without rodding? 

3. Whatwould be the effect upon the unit weight if damp fine aggregate be used? 
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Experiment 8 
Resistance to Degradation of Small Size Coarse Aggregate 

by Abrasion and Impact of the Los Angeles Machine 
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8.1 Objective: 

The objective of this experiment is to assess the resistance to abrasive and impact wear of an 

aggregate by means of the Los Angeles Abrasion Machine. 

8.2 Introduction: 

Apart from testing aggregate with respect to its resistance to wear or degradation (hardness), 

it is an important test for aggregate to be used for roads, and in floor surfaces subjected to 

heavy traffic. This test method covers a procedure for testing sizes of coarse aggregate 

smaller than 1.5in.(37.5 mm) for resistance to degradation using the Los Angeles testing 

machine. This test has been widely used as an indicator of the relative quality or competence 

of various source of aggregate having similar mineral compositions.This test is both an 

abrasion and impacttest and appears to be more suitable for aggregates used in the wearing 

course/surface dressing than for asphalt concrete in other layers. 

8.3 Reference Standard: 

The test method conforms to the ASTM standard requirements of specification C131. 

8.4 Scope: 

Aggregates undergo substantial wear and tear throughout their life. In general, they should be 

hard and tough enough to resist crushing, degradation and disintegration from any associated 

activities including manufacturing, stockpiling, production, placing and compaction. 

Furthermore, they must be able to adequately transmit loads from the pavement surface to the 

underlying layers and eventually the subgrade. Aggregates not adequately resistant to 

abrasion and polishing may cause premature structural failure and/or a loss of skid resistance. 

Furthermore, poor resistance to abrasion can produce excessive dust resulting in possible 

environmental problems as well as mixture control problems. 

The test is an important tool to measure the hardness of aggregates that are recommend for 

use in highway projects. The test also will determine the quality of the aggregate. The soft 

aggregates will be quickly ground to dust, whilst the hard aggregates are quite resistant to 

crushing effect. 

Los Angeles abrasion test studies all possible reasons causing wear. In the L.A. abrasion 

machine Attrition, Abrasion, crushing and impact are all present as follows: 

 Attrition: By the friction between the aggregate particles. 

 Abrasion: By the friction between the steel balls and the aggregates. 

 Crushing: By hitting the walls of the testing machine. 

 Impact: Drop of steel charges on the aggregates. 

Los Angeles Abrasion Value is equal to or less than 45% is suitable for all mixture for road 

base materials in lightly trafficked road. Aggregate with a LA value of less than 30 is 

considered strong enough for use incoating and road surface treatments (i.e., surface 

dressing). 
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8.5 Related Terms: 

Abrasion: is measure of resistance to degradation of known mass of coarse aggregates of 

standard grading resulting from a combination of action including abrasion and grinding in a 

rotating steel drum. 

Toughness: is the property of material to resist impact. Due to the traffic loads, the aggregates 

are subjected to the pounding action or impact and there is a possibility of aggregate breaking 

into smaller pieces. The road aggregates should therefore be tough enough to resist fracture 

under sudden impact and moving loads. 

8.6 Apparatus: 

Sieves- conforming to the specifications for sieves for testing purposes. 

Balance- Accurate within 0.1% of test load over the range required for the test. 

Charge-The charge shall consist of steel spheres averaging approximately 1-27/32 in. 

(46.8mm) in diameter and each weighing between 390 and 445g. The charge depending upon 

the grading of the test sample shall be as follows. 

Table 8.1: Details of Charges 

Grading Number of spheres Weight of Charge, g 

A 12 5000 25 

B 11 458425 

C 8 3330 20 

D 6 2500 15 

 

Los Angeles Machine- The machine shall consist of a hollow a steel cylinder, closed at both 

ends having an inside diameter of 28±0.2in(711±5 mm),and an inside length of 

20±0.2in.(508±5 mm).The cylinder shall be mounted on stub shafts attached to the ends of 

the cylinder but not entering it, and shall be mounted in such a manner that it may be rotated 

with the axis in a horizontal position with in a tolerance in slope of 1 in 100.An opening in 

the cylinder shall be provided for the introduction of the test sample. A suitable, dust-tight 

cover shell be provided for the opening with means for bolting the cover in place. The cover 

shall be so designed as to maintain the cylindrical contour of the interior surface unless the 

shelf is to located that the charge will not fall on the cover, or come in contact with it during 

the test. A removable steel shelf extending the full length of the cylinder and projecting 

inward 3.5± 0.1 in. (89 ± 2 mm) shall be mounted on the interior cylindrical surface of the 

cylinder, in such a way that a plane centered between the large faces coincides with the axial 

plane. The shelf shall be not of such thickness and so mounted by bolts or other suitable 

means, as to be firm and rigid. The position of the shelf shall be such that cylinder in the 

direction of rotation, shall be not less than 50 in (1.27m). The machine shall be so driven and 

so counterbalanced as to maintain a substantially uniform peripheral speed. 
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Figure 8.1: Los Angeles Testing Machine 

8.7 Test Conditions: 

Temperature: 

Drying temperature of the sample of aggregate to essentially constant mass in an oven is 

preferably be 230 ± 9°F (110 ± 5°C). 

8.8 Procedure: 

Sampling: 

The test sample shall be washed and oven dried at 230 ± 9°F (110 ± 5°C)to substantially 

constant weight separated into individual size fractions, and recombined to the grading of 

Table- 8.1 most nearly corresponding to the range of the aggregate as furnished for the work. 

The weight of the sample prior to test shall be recorded to the nearest 1g. 
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Table 8.2: Grading of Test Samples 

Sieve Size (Square Openings) Weight of Indicated Size, gm 

Passing Retained on 
 Grading  

A B C D 

37.5mm(1.5in) 25.0mm(1in) 125025 ……. ……. ……. 

25.0mm(1in) 19.0mm(3/4in) 125025 ……. ……. ……. 

19.0mm(3/4in) 12.5mm(1/2in) 125010 250010 ……. ……. 

12.5mm(1/2in) 09.5mm(3/8in) 125010 250010 ……. ……. 

09.5mm(3/8in) 06.3mm(1/4in) ……. ……. 250010 ……. 

06.3mm(1/4in) 04.75mm(No-4) ……. ……. 250010 500010 

04.75mm(No-4) 02.36mm(No-8) ……. ……. …….. ……. 

Total  500010 500010 500010 500010 

 

Experimental Procedure: 

Place the test sample and the charge in Los Angeles testing machine and rotate the machine at 

a speed of 30 to 33 rpm for 500 revolutions. After the prescribed number of revolutions, 

discharge the material from the machine and make a preliminary separation of the sample on 

a sieve coarser than the 1.70mm (No.12). Sieve the finer portion on a 1.70mm sieve in a 

manner conforming to Method C 136 (see Exp. No. 4). Wash the material coarser then the 

1.70 mm sieve, oven dry at 221 to 230°F (105to110°C) to a substantially constant weight, 

and weigh to the nearest 1g. 

Calculation: 

Express the loss (difference between the original weight and the final weight of the test 

sample) as a percentage of the original weight of the test sample. Report this value as the 

percent loss. Loss by abrasion and impact of the sample expressed to the nearest 1 % by 

mass. 

8.9 Instructions: 

If the aggregate is essentially free of adherent coatings and dust, the requirement for washing 

after the test is optional. However, in the case of referee testing, the washing procedure shall 

be performed. 

Drum must be cleaned before using because it may affect the weight of the sample. It's 

because dust from previous project will affect the reading of the scale. 
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DATA SHEET 

Experiment Name : Resistance to Degradation of Small Size Coarse Aggregate by 

Abrasion and Impact of the Los Angles Machine. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Sieve Size 

Passing 

Sieve Size 

Retained 

Wt. of 

Material, 

W1 (gm) 

Grading 

of 

Material 

No. of 

Steel Balls 

Used 

Wt. Retained 

on No. 12 

Sieve, W2 

(gm) 

Total 

Wear 

(gm) 

       

   

   

   

Total=  

 

Sample Calculation: 

Abrasion Value =
W1 - W2

 W1
  X 100% = 

 

 

 

 

 

 

 

Result: 
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Comments: 

 

 

 

 

 

Course Teacher : 

Designation  : 

 

          

________________________      

Signature of the Teacher    

Discussion: 

 

 

 

 

 

 

 

 

 

 

 

 

Assignment Questions: 

1. How is the abrasive charge selected for Los Angeles abrasion test? Write down the 
number of spheres and weight of charges of different cases. 

2. What is the significance of Los Angeles abrasion test? 
3. What is the rotational speed and number of total revolutions for this test? 
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Experiment 9 
Determination of Slump, Air Content of Concrete and 
Compressive Strength of Cylindrical & Cube Concrete 

Specimens 
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A. Slump Test of Hydraulic Cement Concrete 

A.9.1 Objective 

The slump test is used to determine workability and it is a measure of the resistance of 

concrete to flow under its own weight.  

A.9.2 Reference Standard: 

The test method conforms to the ASTM standard requirements of specification C143/ 

C143M. 

A.9.3 Procedure: 

Sampling 

The sample of concrete from which test specimens are made shall be representative of the 

entire batch. It shall be obtained in accordance with Practice C 172. 

1. Dampen the mold and place it on a flat, moist, nonabsorbent (rigid) surface. It shall be 

held firmly in place during filling and perimeter cleaning by the operator standing on 

the two foot pieces or by a clamping arrangement to a base plate. From the sample of 

concrete obtained in accordance with Section 6, immediately fill the mold in three 

layers, each approximately one third the volume of the mold. One third of the volume 

of the slump mold fills it to a depth of 25⁄8 in. [70 mm]; two thirds of the volume fills 

it to a depth of 61⁄8 in.[160 mm]. 

 

 
 

Figure 9.1: Mold for Slump Test 
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2. Rod each layer with 25 strokes of the tamping rod. Uniformly distribute the strokes 

over the cross section of each layer. For the bottom layer, this will necessitate 

inclining the rod slightly and making approximately half of the strokes near the 

perimeter, and then progressing with vertical strokes spirally toward the center. Rod 

the bottom layer throughout its depth. Rod the second layer and the top layer each 

throughout its depth, so that the strokes just penetrate into the underlying layer. 

 

3. In filling and rodding the top layer, heap the concrete above the mold before rodding 

is started. If the rodding operation results in subsidence of the concrete below the top 

edge of the mold, add additional concrete to keep an excess of concrete above the top 

of the mold at all times. After the top layer has been rodded, strike off the surface of 

the concrete by means of a screeding and rolling motion of the tamping rod. Continue 

to hold the mold down firmly and remove concrete from the area surrounding the base 

of the mold to preclude interference with the movement of slumping concrete. 

Remove the mold immediately from the concrete by raising it carefully in a vertical 

direction. Raise the mold a distance of 12 in. [300 mm] in 5±2 s by a steady upward 

lift with no lateral ortorsional motion. Complete the entire test from the start of 

thefilling through removal of the mold without interruption andcomplete it within an 

elapsed time of 21⁄2 min. 

4. Immediately measure the slump by determining thevertical difference between the top 

of the mold and thedisplaced original center of the top surface of the specimen. Ifa 

decided falling away or shearing off of concrete from oneside or portion of the mass 

occurs (If two consecutive tests on a sample of concrete show a falling away or 

shearing off of a portion of the concrete from the mass of the specimen, the concrete 

probably lacks necessary plasticity and cohesiveness for the slump test to be 

applicable), disregard the testand make a new test on another portion of the sample. 

 

A.9.4 Report: 

 

Report the slump in terms of inches [millimetres] to the nearest 1⁄4 in. [5 mm] of subsidence 

of the specimen during the test. 

 

A.9.5 Precision: 
 

Slump and Type Index Standard Deviation (1s)
A
 Acceptable Range of Two Results 

(d2s)
A
 

Single-Operator Precision: 

 

in. [mm] in. [mm] 

Slump 1.2 in. [30 mm] 0.23 [6] 0.65 [17] 

Slump 3.4 in. [85 mm] 0.38 [9] 1.07 [25] 

Slump 6.5 in. [160 mm] 

 

0.40 [10] 1.13 [28] 

Multilaboratory Precision:     

Slump 1.2 in. [30 mm] 0.29 [7] 0.82 [20] 

Slump 3.4 in. [85 mm] 0.39 [10] 1.10 [28] 

Slump 6.5 in. [160 mm] 0.53 [13] 1.50 [37] 
A
These numbers represent, respectively, the (1s) and (d2s) limits as described in Practice C 670. 
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B. Air Content Determination 

There are three methods available for determining the air content in concrete. 

1. Gravimetric method (ASTM C-138) 

2. Volumetric method (ASTM C-173) 

3. Pressure method (ASTM C-231) 

Air content determination using gravimetric method is as follows: 

Air content = (  
       

       
)        

Air-Free Unit Weight 

        
                            

                            
 

                  
           

       
 

Given, 

Wwater = 320 lb 

Wcement = 580 lb 

Wgravel= 1940 lb 

Wsand = 1110 lb 

Gwater = 1.00 

Gcement = 3.15 

Ggravel= 2.68 

Gsand = 2.65 

        
                 

                    

  

   
               

Assume,  

             
  

   
 

Air content = (  
     

     
)            
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C. Compressive Strength of Cylindrical and Cube Concrete Specimens 

 

C.9.1 Objective: 

The objective of this experiment is to determine the compressive strength of cement concrete 

specimens. 

C.9.2 Introduction: 

The compressive strength of concrete is one of the most important and useful properties of 

concrete. In most structural applications concrete is employed primarily to resist compressive 

stresses. Nevertheless, strength usually gives an overall picture of the quality of concrete 

because it is directly related to the structure of the hardened cement paste. Values obtained 

will depend on the size and shape of the specimen, batching, mixing procedures, the methods 

of sampling, molding, and fabrication and the age, temperature, and moisture conditions 

during curing. 

The test method covers determination of compressive strength of cylindrical specimens such 

as molded cylinders and drilled cores. It is limited to concrete having a unit weight in excess 

of 50 lb/ft3 (800 kg/m3). The test method consists of applying a compressive axial load to 

molded cylinders or cores at a rate which is within a prescribed range until failure occurs. 

The compressive strength of the specimen is calculated by dividing the maximum load 

attained during the test by the cross-sectional area of the specimen. 

The results of the test method may be used as a basis for quality control of concrete 

proportioning, mixing, and placing operations; determination of compliance with 

specifications; control for evaluating effectiveness of admixtures and similar uses. 

C.9.3 Reference Standard: 

The test method conforms to the ASTM standard requirements of specification C39/ C39M 

and C192/ C192M for cylinder; and BS1881 for cube. 

C.9.4 Scope: 

The most common concrete property measured by testing isstrength. There are three main 

reasons for this. First, thestrength of concrete gives a direct indication of its capacity toresist 

loads in structural applications, whether they be tensile,compressive, shear, or combinations 

of these. Second,strength tests are relatively easy to conduct. Finally, correlationscan be 

developed relating concrete strength to otherconcrete properties that are measured by more 

complicatedtests. 

Strength tests of concrete specimens are used for threemain purposes: 

 For research. 

 For quality control and quality assurance. 

 For determining in-place concrete strength. 
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The compressive strength of concrete is of primary importancein structural applications 

because design proceduresrequire this property.Compressive strength of concrete is the most 

useful and important property of concrete. Many other properties of concrete such as 

durability, resistance to shrinkage, Young's Modulus, imperviousness, etc. are depended on 

the compressive strength of the concrete. Thus the compressive strength reflects the overall 

quality of concrete. 

C.9.5 Related Terms: 

Compressive strength: maximum force per unit area, in compression, which a material can 

withstand before breaking. 

The compressive strength of hardened concrete is affected by various factors such as. 

a. Water cement ratio: Smaller the w/c ratio higher the strength and vice versa. 

b. Quality and type of cement: Strength of concrete using older cement is less than that 

using fresh cement. Different types of cement have different strengths. 

c. Grading of aggregate: Well graded aggregate gives a good mix with higher strength. 

d. Quality of aggregate: the grains of sand or coarse aggregate should be of a durable 

quality, clean without any deleterious materials for higher strength. 

e. Method employed in mixing: Machine mixing gives a more homogeneous mass than 

hand mixing and so results in higher strength. 

f. Compaction: Compaction by vibrations gives more compact and strong concrete than 

hand tamping by rods or tampers. 

g. Curing: Concrete must not be allowed to dry for a certain period. Good curing keeps 

the concrete wet and results in optimum strength. 

h. Age of concrete: Strength increases with age. Thus the strength at 7 days is almost 

70% of strength at 28 days. 

C.9.6 Apparatus: 

Testing Machine- The testing machine shall be of a type having sufficient and capable of 

providing the rates of loading as required. 

Design: The machine must be power operated and must apply the load continuously rather 

than intermittently, and without shock. 

Accuracy: The percentage of error for the loads within the proposed range of use of the 

testing machine shall not exceed1.0% of the indicated load. 

The testing machine shall be equipped with two steel bearing blocks with hardened faces 

(Note 1). One of which is a spherical seated block that will bear on the upper surface of the 

specimen, and the other a solid block on which the specimen shall rest. Bearing faces of the 

blocks shall have a minimum dimension at least 3% greater that the diameter of the specimen 

to be tested. When the diameter of the bearing face of the spherically seated block exceeds 

the diameter of the specimen by more than1/2 in. (13 mm), concentric circles not more 

than1/32 in. (0.8 mm) deep and not more than3/64 in. (1.2 mm) wide shall be inscribed to 
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facilitate proper centering. 

Note 1: It is desirable that the bearing faces of blocks used for compression testing of concrete have a Rockwell 

hardness of not less than 55 HRC. 

Bottom bearing blocks shall conform to the following requirements: 

The bottom bearing block is specified for the purpose of providing a readily machinable 

surface for maintenance of the specified surface conditions (Note 2). The top and bottom 

surfaces shall be parallel to each other. The block may be fastened to the platen of the testing 

machine. Its least horizontal dimension shall be at least 3% greater than the diameter of the 

specimen to be tested. 

Final centering must be made with reference to the upper spherical block. When the lower 

bearing block is used to assist in centering the specimen, the center of the concentric rings, 

when provided, or the center of the block itself must be directly below the center of the 

spherical head. Provision shall be made on the platen of the machine to assure such a 

position. 

The bottom bearing block shall be at least 1 in. (25 mm) thick when new and at least 0.9 in. 

(22.5 mm) thick after any resurfacing operations. 

Note 2: If the testing machine is so designed that the platen itself can be readily maintained in the specified 

surface condition, a bottom block is not required. 

The spherically seated bearing block shall conform to the following requirements: 

The maximum diameter of the bearing face of the suspended spherically seated block shall 

not exceed the values given below: 

Table 9.1: Details of requirements of bearing block. 

Diameter  of  Test  Specimens, 

in. (mm) 

Maximum Diameter of bearing Face, 

in. (mm) 

2 (51) 4 (102) 

3 (76) 5 (127) 

4 (102) 6.5 (165) 

6 (152) 10 (254) 

8 (203) 11 (279) 
Note: Square bearing faces are permissible, provided the diameter of the largest possible inscribed circle does 

not exceed the above diameter. 

The center of the sphere shall coincide with the surface of the bearing face within a tolerance 

of  5% of the radius of the sphere. The diameter of the sphere shall be at least 75% of the 

diameter of the specimen to be tested. 

The ball and the socket must be so designed by the manufacturer that the steel in the contact 

area does not permanently deform under repeated use, with loads up to 12000 psi (82.7M pa) 

on the test specimen. 
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Figure 9.2: Schematic Sketch of a Typical Spherical Bearing Block. 

Note: The preferred contact area is in the form of a ring (described as preferred ‘bearing” area) as shown on Fig. 

9.1. 

The curved surfaces of the socket and of the spherical portion shall be kept clean and shall be 

lubricated with a petroleum type oil such as conventional motor oil, not with a pressure type 

grease. After contacting the specimen and application of small initial load, further tilting of 

the spherically seated block is not intended and is undesirable. 

If the radius if the sphere is smaller than the radius of the largest specimen to be tested, the 

portion of the bearing face extending beyond the sphere shall have a thickness not less than 

the difference between the radius of the sphere and radius ot the specimen. The least 

dimension of the bearing face shall be at least as great as the diameter of the sphere (see Fig. 

9.1). 

The movable portion of the bearing block shall be held closely in the spherical seat, but the 

design shall be such that the bearing face can be rotated freely and tilted at least 40 in any 

direction. 

Load Indication: If the load of a compression machine used in concrete is registered on a 

dial, the dial shall be provided with a graduated scale that can be read to at least the nearest 

0.1% of the full scale load. The dial shall be readable within 1% of the indicated load at any 

given load level within the loading range. In no case shall the loading range of a dial be 

considered to include loads below the value that is 100 times the smallest change of load that 

can be read on the scale. The scale shall be provided with a graduation line equal to zero and 

so numbered. The dial pointer shall be of sufficient length to reach the graduation marks; the 

width of the end of the pointer shall not exceed the clear distance between the smallest 

graduations. Each dial shall be equipped with azero adjustment that is easily accessible from 

the outside of the dial case, and with a suitable device that at all times until reset, will indicate 

to within 1% accuracy the maximum load applied to the specimen. 
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Capping Equipment- 

Sulfur cap: Capping Plates-Sulfur mortar caps shall be formed against similar metal except 

that the recessed area that receives molten sulfur shall not be deeper than ½ in. In all cases, 

plates shall be at least 1 in. greater in diameter than the test specimen and the working 

surfaces shall not depart from aplane by more than 0.002 in. in 6 in. Metal plates that have 

been in use shall be free of gouges, grooves and indentations greater than 0.010 in. deep or 

greater than 0.05 in
2
.  

Alignment Devices-Suitable alignment devices, such as guide bars or bull's eye levels, shall 

be used in conjunction with capping plates to ensure that no single cap will depart from 

perpendicularity to the axis of cylindrical specimen by more than 0.5° (approximately 

equivalent to 1/8 in. in 12 in.). The same requirement is applicable to the relationship 

between the axis of the alignment device and the surface of a capping plate when guide bars 

are used. In addition, the location of each bar with respect to its plate must be such that no 

cap will be off-centered on a test specimen by more than 1/16 in.  

Melting Pots for Sulfur Mortars-Pots used for melting sulfur mortars shall be equipped with 

automatic temperature controls and shall be made of metal or lined with a material that is 

non-reactive with molten sulfur. 

Neoprene caps: Two steel extrusion controllers shall be used. (See Table 9.1.) An acceptable 

configuration forextrusioncontrollers is shown in Figure 9.2. Other modes of manufacture 

may be used such as steelcasting or machining in one piece from round stock provided the 

inside diameter, minimum wallthickness, and minimum bearing surface thickness comply 

with the dimensions shown in Figure 9.2.All bearing surfaces of the controller, both inside 

and outside, shall be machine planed to within0.05 mm (0.002 in.). During use, the outside 

bearing surface shall be maintained free of gouges, ordents larger than 0.25 mm (0.010 in.) in 

depth or 32 mm
2
 (0.05 in.

2
) in surface area. Protrusions ofany kind will not be allowed. 

 

Figure 9.3: Sample of an Acceptable Configuration for Extrusion Controllers 
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Table 9.2: Tolerances 

Controller ID 0 mm (0 in.) +0.8 mm(+1/32 in.) 

Controller wall –1.6 mm(–1/16 in.) +0 mm(+0 in.) 

Any tolerance notspecified –0.4 mm(–1/64 in.) +0.4 mm(+1/64 in.) 

 

The dimensions of the caps shall be 155 mm (6.12 in.) in diameter and12.7 mm (.5 in.) thick. 

C.9.7 Test Conditions: 

Temperature and Humidity: 

1. The temperature of the air in the vicinity of the mixing slab, the dry materials, molds, 

base plates, and mixing bowl, shall be maintained between 73.5  5.5 °F (23.0  3.0 

°C). 

2. The temperature of the mixing water, moist closet or moist room, and water in the 

storage tank shall be set at 73.5  3.5 °F (23  2 °C). 

3. The relative humidity of the laboratory shall be not less than 50 %. The moist closet 

or moist room shall be so constructed as to provide storage facilities for test 

specimens at a relative humidity of not less than 95%. 

C.9.8 Procedure: 

SpecimensSpecimens shall not be tested if any individual diameter of a cylinder differs from 

any other diameter of the same cylinder by more than 2%. 

Neither end of compressive test specimens when tested shall depart from perpendicularity to 

the axis by more than 0.50 (approximately equivalent to 1/8 in. in 12 in. (3 mm in 300 mm). 

The ends of compression test specimens that are not plane within 0.002 in. (0.050 mm) shall 

be capped to meet that tolerance. The diameter used for calculating the cross sectional area of 

the test specimen shall be determined to the nearest 0.01 in. (0.25 mm) by averaging two 

diameters measured at right angles to each other at about mid-height of the specimen. 

The number of individual cylinders measured for determination of average diameter may be 

reduced to one for each ten or three specimens per day, whichever is greater, if all cylinders 

are known to have been made from a single lot of reusable or single-use molds which 

consistently produce specimens with average diameters within a range of 0.02 in. (0.51 mm) 

when the average diameters do not fall within the range of 0.02 in. or when the cylinder 

tested must be measured and the value used in calculation to the unit compressive strength of 

that specimen. When the diameters are measured at the reduced frequency, the cross-sectional 

areas of all cylinders tested on that day shall be computed from the average of the diameters 

of the three or more cylinders representing the group tested that day. 

The length shall be measured to the nearest 0.05 D (D being the diameter for the cylinder and 

the diagonal for cube) when the length to diameter ratio is less than 1.8, or more than 2.2, or 

when the volume of the cylinder is determined from measured dimensions. 
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Materials 

For a mix ratio 1:2:4, the materials required for 6 cylinders at different water-cement are: 

Cement : 3/8 cft. 

Fine-Aggregate : 3/4 cft. 

Coarse-Aggregate : 1 ½cft. 

 

For the same mix ratio the specimen sizes are: 

Cylinder : 6 in. ×12 in. cylindrical specimen. 

Cube : 6 in. × 6 in. × 6 in. cubic specimen. 

 

Mix the materials in machine for 3 minutes followed by 3 minutes rest, and then followed by 

2 minutes final mixing. 

Cylindrical specimens 

 Fill each mold with concrete in three layers, tamping each layer 25 times with 5/8 in. 

steel tamping rod. If vibrator is used, its frequency should not be greater than 7000/ 

minutes if it is an internal electric vibrator. In case of an external vibrator, the 

frequency will be 3600/ mm. 

 While filling the molds, occasionally stir and scrape together the concrete remaining 

in the mixing pan to keep the materials from separating. Fill the molds completely, 

smooth off the tops evenly. 

 Cover the cylinders immediately and place in the moist storage for 24  8 hours at a 

temperature of 23  1.7°C, then remove the specimens from molds and immerse in 

saturated lime water until testing. 

Cubic specimens 

 Fill each mold in three layers tamping each layer 35 times with 25 sq. mm, 380 mm 

long and 1.8 kg compacting bar, or vibrator (if possible). 

 After filling the specimens shall be stored in moist condition (free from vibration) in 

at least 90% relative humidity and 20  2°C temperature for 16 to 24 hrs. Then 

remove the specimens and immerse in saturated lime water until testing. 

 



Page | 79 
 

   

Type 1 

Reasonably well-formed 

cones on both ends, less than 

1 in. (25 mm) of cracking 

through caps 

Type 2 

Well-formed cone on one 

end, vertical cracks running 

through caps, no well-

defined cone on other end 

Type 3 

Columnar vertical cracking 

through both ends, no well-

formed cones 

   

Type 4 

 Diagonal fracture with no 

cracking through ends; tap 

with hammer to distinguish 

from Type 1 

Type 5 

Side fractures at top or 

bottoms (occur commonly 

with unbounded caps) 

Type 6 

Similar to Type 5 but end of 

cylinder is pointed 

Figure 9.4: Sketches of Type of Fracture in Concrete Cylinder 
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Figure 9.5: Sketches of Type of Fracture in Cubic Cylinder 

 

Method of Testing 

 Prepare sulfur mortar for use by heating to about 265 to 295°F as periodically 

determined by an all-metal thermometer inserted near the center of the mass. 

Recharge the pot with fresh material at frequent enough intervals to ensure that the 

oldest material in the pot has not been used more than five times. Fresh sulfur mortar 

must be dry at the time it is placed in the pot as dampness may cause foaming. Keep 

water away from molten sulfur mortar for the same reason. The capping plate or 

device should be warmed before use to slow the rate of hardening and permit the 

production of thin caps. Oil the capping plate lightly and stir the molten sulfur 

immediately prior to pouring each cap. The ends of moist cured specimens shall be 

dry enough at the time of capping to preclude the formation of steam or foam pockets 

under or in the cap larger than ¼ in. in diameter. Replace caps with steam pockets or 

voids larger than ¼ in. To ensure that the cap is bonded to the surface of the 

specimen, the end of the specimen shall not be oiled prior to the application of the 

cap. When using a vertical device, pour the mortar onto the surface of the capping 

plate, lift the cylinder above the plate and contact the cylinder sides with the guides, 

slide the cylinder down the guides onto the capping plate while keeping constant 

contact with the alignment guides. The cylinder end should continue to rest on the 
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capping plate with cylinder sides in positive contact with the alignment guides until 

the mortar has hardened. Use sufficient material to cover the cylinder end after the 

sulfur mortar solidifies. 

 Compression tests of moist-cured specimens shall be made as soon as practicable after 

removal from moist storage. 

 Test specimens shall be kept moist by any convenient method during the period 

between removals from moist storage and testing. They shall be tested in the moist 

condition. 

 All test specimens for a given test age shall be broken within the permissible time 

tolerances prescribed as follows: 

Table 9.3: Permissible time tolerance with corresponding test age 

Test Age Permissible Tolerance 

24 h 0.5 h or 2.1 % 
3days 2 h or 2.8 % 

7days 6 h or 3.6 % 

28 days 20 h or 3.0 % 

90 days 2 days or 2.2 % 

 

 Placing the Specimen- Place the plain (lower) bearing block, with its hardened face 

up, on the table or platen of the testing machine directly under the spherically seated 

(upper) bearing block. Wipe clean the bearing faces of the upper and lower bearing 

block and of the test specimen and place the test specimen on the lower bearing block. 

Carefully align the axis of the specimen with the centre to thrust of the spherically 

seated block. As the spherically seated block is brought to bear on the specimen, 

rotate its movable portion gently by hand so that uniform seating is obtained. 

 Rate of Loading- Apply the load continuously and without shock. For hydraulically 

operated machines, the load shall be applied at a rate of movement (platen to 

crosshead measurement) corresponding to a loading rate on the specimen within the 

range of 20 to 50 psi / sec. (0.14 to 0.34 MPa / sec). The designated rate of movement 

shall be maintained at least during the latter half of the anticipated loading phase of 

the testing cycle. 

 During the application of the first half of the anticipated loading phase a higher rate of 

loading shall be permitted. 

 Make no adjustment in the rate of movement of the platen at any time while a 

specimen is yielding rapidly immediately before failure. 

 Apply the load until the specimen fails, and record the maximum load carried by the 

specimen during the test. Note the type of failure and the appearance of the concrete. 

Calculation 

Calculate the compressive strength of the specimen by dividing the maximum load carried by 

the specimen during the test by the average cross-sectional area and express the result to the 

nearest 10 psi (69 kPa). 

If the specimen length to diameter ratio is 1.75 or less, multiply the obtained result by the 
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appropriate correction factor shown in the following table: 

L/D 1.75 1.50 1.25 1.00 

Factor 0.98 0.96 0.93 0.87 
Note: These correction factors apply to lightweight concrete weighing between 100 and 120 Ib / ft

3
 (1600 and 

1920 kg /m
3
) and to normal weight concrete. They are applicable toconcrete dry or soaked at the time of 

loading. Values not given in the table shall be determined by interpolation. The correction factors are applicable 
for nominal concrete strengths from 2000 to 6000 psi (13.8 to 41.4 MPa). 

Use interpolation to determine correction factors for L/D values between those given in the 

table. 

Report 

The report shall include the following:  

i. Identification number 

ii. Diameter, cross-sectional area 

iii. Maximum load in pounds-force or Newton 

iv. Compressive strength to the nearest 10 psi or 0.1 Mpa 

v. Type of failure and fracture 

vi. Age of specimen 

Draw the followings in plain graph paper. 

i. Compressive strength (for cylinder) vs. water-cement ratio at different ages 

ii. Compressive strength vs. age for cylindrical specimen at different water-cement ratio 

iii. Compressive strength (for cube) vs. water-cement ratio at different ages 

iv. Compressive strength vs. age for cubic specimen at different water-cement ratios 

C.9.9 Instructions: 

The ages shall be calculated from the time of theaddition of water to the dry ingredients. 

The bearing surfaces of the testing machine shallbe wiped clean and any loose sand or other 

material removed from the surfaces of the specimenswhichare to be in contact with the 

compression platens. In the case of the cubes, the specimenshall be placed in the machine in 

such a manner that the load shall be applied to opposite sides ofthe cubes as cast, that is, not 

to the top and bottom. 

Records the maximum loads carried by the specimen during the test, and note the type of 

fracture pattern according to Figure 9.3 and 9.4. If the fracture pattern is not one of the typical 

patterns shown in Figure 9.3 and 9.4, sketch and describe briefly the fracture pattern. If the 

measured strength is lower than expected, examine the fractured concrete and note the 

presence of large air voids, evidence of segregation, whether fractures pass predominantly 

around or through the coarse aggregate particles. 

Concrete cylinders tested with neoprene caps rupture more intensely than comparable 

cylinderstested with sulphur-mortar caps. As a safety precaution, the cylinder testing machine 
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should beequipped with a protective cage. 

No loose particles shall be trapped between the concrete cylinder and the neoprene caps 

orbetween the bearing surfaces of the extrusion controllers and the bearing blocks of thetest 

machine. 

The same surface of the neoprene cap shall bear on the concrete cylinder for all tests 

performedwith that cap. Each neoprene cap shall not be used to test more than 100 cylinders. 

Use sulfur melting pots in a hood to exhaust the fumes to outdoors. Heating over an open 

flame is dangerous because the flash point of sulfur is approximately 440°F and the mixture 

can ignite due to overheating. Should the mixture start to bum, covering will snuff out the 

flame. The pot should be recharged with fresh material after the flame has been extinguished. 
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DATA SHEET 

Experiment Name : Compressive Strength of Cylindrical and Cube Concrete Specimens. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Date of casting=   Type of coarse aggregate= 

Slump value=    Cement: Fine aggregate: Coarse aggregate= 

Age 

in 

Days 

Specimen 

Designation 

W/C Specimen 

Area(in
2
 

or mm
2
) 

Crushing 

Load (lb 

or N) 

Compressive 

Strength (psi 

or MPa) 

Average 

Compressive 

Strength (psi 

or MPa) 

Type of 

fracture 

Type 

of 

failure 
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Sample Calculation: 

 

 

 

 

 

Results: 

 

 

Comments: 

 

 

 

 

 

Course Teacher : 

Designation  : 

         

________________________      

Signature of the Teacher       

   

 

Discussion: 

 

 

 

Assignment Questions: 

1. What is the effect of age of concrete and the water-cement ratio upon strength curve? 
2. Discuss the effect of rate of loading upon the compressive strength. 
3. Discuss the effect of capping upon the compressive strength. 
4. What is the effect upon the compressive strength if 1/d ratio is other than 2? 
5. Cube strength is greater than cylinder strength-justify your answer. 
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Experiment 10 
Determination of Splitting Tensile Strength of Cylindrical 

ConcreteSpecimens 
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10.1 Objective:  

The objective of this experiment is to determine the splitting tensile strength of cylindrical 

concrete specimens. 

 

10.2 Introduction: 

This test method consists of applying a diametral compressive force along the length of a 

cylindrical concrete specimen at a rate that is within a prescribed range until failure occurs. 

This loading induces tensile stresses on the plane containing the applied load and relatively 

high compressive stresses in the area immediately around the applied load. Tensile failure 

occurs rather than compressive failure because the areas of load application are in a state of 

triaxial compression, thereby allowing them to withstand much higher compressive stresses 

than would be indicated by a uniaxial compressive strength test result. Thin, plywood bearing 

strips are used to distribute the load applied along the length of the cylinder. The maximum 

load sustained by the specimen is divided by appropriate geometrical factors to obtain the 

splitting tensile strength. 

 

10.3 Referenced Standards: 

ASTM Standards:  

C 31/C 31M Practice for Making and Curing Concrete TestSpecimens in the Field 

C 39/C 39M Test Method for Compressive Strength of CylindricalConcrete Specimens 

C 42/C 42M Test Method for Obtaining and Testing DrilledCores and Sawed Beams of 

Concrete 

C 192/C 192M Practice for Making and Curing ConcreteTest Specimens in the Laboratory 

C 670 Practice for Preparing Precision and Bias Statementsfor Test Methods for Construction 

Materials 

 

10.4 Scope: 

This test method covers the determination of the splitting tensile strength of cylindrical 

concrete specimens, such as molded cylinders and drilled cores. 

 

The values stated in either inch-pound or SI units are to be regarded separately as standard. 

The SI units are shown in brackets. The values stated in each system may not be exact 

equivalents; therefore, each system shall be used independently of the other. Combining 

values from the two systems may result in nonconformance with the standard. 

 

This standard does not purport to address all of the safety concerns, if any, associated with its 

use. It is the responsibility of the user of this standard to establish appropriate safety and 

health practices and determine the applicability of regulatory limitations prior to use. 

 

The text of this standard references notes that provide explanatory material. These notes shall 

not be considered as requirements of the standard. 

 

10.5 Apparatus: 

Testing Machine: The testing machine shall conform to the requirements of Test Method C 

39/C 39M and be of a type with sufficient capacity that will provide the rate of loading. 
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Supplementary Bearing Bar or Plate: If the diameter or the largest dimension of the upper 

bearing face or the lower bearing block is less than the length of the cylinder to be tested, a 

supplementary bearing bar or plate of machined steel shall be used. The surfaces of the bar or 

plate shall be machined to within ±0.001 in. [0.025 mm] of planeness, as measured on any 

line of contact of the bearing area. It shall have a width of at least 2 in. [50 mm], and a 

thickness not less than the distance from the edge of the spherical or rectangular bearing 

block to the end of the cylinder. The bar or plate shall be used in such manner that the load 

will be applied over the entire length of the specimen. 

 

Bearing Strips—Two bearing strips of nominal 1⁄8 in. [3.2 mm] thick plywood, free of 

imperfections, approximately1 in. [25 mm] wide, and of a length equal to, or slightly longer 

than, that of the specimen shall be provided for each specimen. The bearing strips shall be 

placed between the specimen and both the upper and lower bearing blocks of the testing 

machine or between the specimen and supplemental bars or plates. Bearing strips shall not be 

reused. 

 

 

10.6 Procedure 

 

Marking: Draw diametral lines on each end of thespecimen using a suitable device that will 

ensure that they arein the same axial plane (see Fig. 1, Fig. 2 and Note 1), or as analternative, 

use the aligning jig shown in Fig. 3 (Note 2). 

 

 
FIG. 1   General Views of a Suitable Apparatus for Marking End Diameters Used for Alignment of 

Specimen in Testing Machine 
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FIG. 2   Detailed Plans for a Suitable Apparatus for Marking End Diameters Used for 

Aligning the Specimen 

 

 

►NOTE 1—Figs. 1 and 2 show a suitable device for drawing diametral lines on each end of 

a 6 in. by 12 in. [150 mm by 300 mm] cylinder in thesame axial plane. The device consists of 

three parts as follows: 

 

(1) A length of 4-in. [100-mm] steel channel, the flanges of which have been machined flat 

(2) A section, part a, that is grooved to fit smoothly over the flanges ofthe channel and that 

includes cap screws for positioning the verticalmember of the assembly, and 

(3) A vertical bar, part b, for guiding a pencil or marker,The assembly (part a and part b) is 

not fastened to the channel and ispositioned at either end of the cylinder without disturbing 

the position ofthe specimen when marking the diametral lines. 
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FIG. 3   Jig for Aligning Concrete Cylinder and Bearing Strips 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 4   Detailed Plans for a Suitable Aligning Jig for 6 by 12 in. [150 by 300 mm] 

Specimen 

►NOTE 2—Fig. 4 is a detailed drawing of the aligning jig shown in Fig.3 for achieving the 

same purpose as marking the diametral lines. Thedevice consists of: 

(1) A base for holding the lower bearing strip and cylinder, 
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(2) A supplementary bearing bar conforming to the requirements in Section 5 as to critical 

dimensions and planeness, and 

(3) Two uprights to serve for positioning the test cylinder, bearingstrips, and supplementary 

bearing bar. 

 

Measurements: Determine the diameter of the testspecimen to the nearest 0.01 in. [0.25 mm] 

by averaging threediameters measured near the ends and the middle of the specimen and 

lying in the plane containing the lines marked onthe two ends. Determine the length of the 

specimen to thenearest 0.1 in. [2 mm] by averaging at least two lengthmeasurements taken in 

the plane containing the lines markedon the two ends. 

 

Positioning Using Marked Diametral Lines: Centerone of the plywood strips along the center 

of the lower bearingblock. Place the specimen on the plywood strip and align so that the lines 

marked on the ends of the specimen are verticaland centered over the plywood strip. Place a 

second plywoodstrip lengthwise on the cylinder, centered on the lines markedon the ends of 

the cylinder. Position the assembly to ensure thefollowing conditions: 

 

 The projection of the plane of the two lines marked on the ends of the specimen 

intersects the center of the upper bearing plate, and 

 The supplementary bearing bar or plate, when used, and the center of the specimen are 

directly beneath the center of thrust of the spherical bearing block (see Fig. 5). 

 

 
 

FIG. 5 Specimen Positioned in a Testing Machine for Determination of Splitting Tensile 

Strength 

 

Positioning by Use of Aligning Jig: Position the bearingstrips, test cylinder, and 

supplementary bearing bar bymeans of the aligning jig as illustrated in Fig. 3 and center the 

jig so that the supplementary bearing bar and the center of thespecimen are directly beneath 

the center of thrust of thespherical bearing block. 

 

Rate of Loading: Apply the load continuously andwithout shock, at a constant rate within the 

range 100 to 200psi/min [0.7 to 1.4 MPa/min] splitting tensile stress until failureof the 
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specimen (Note 3). Record the maximum applied loadindicated by the testing machine at 

failure. Note the type offailure and the appearance of the concrete. 

 

NOTE 3—The relationship between splitting tensile stress and applied load is shown in 

Section 8. The required loading range in splitting tensilestress corresponds to applied total 

load in the range of 11300 to 22600lbf [50 to 100 kN]/min for 6 by 12-in. [150 by 300-mm] 

cylinders. 
 
10.7Calculation 

Calculate the splitting tensile strength of the specimen as follows: 

 

T = 2P/pi*ld 

 

Where, 

 

T = Splitting tensile strength, psi [MPa] 

P = Maximum applied load indicated by testing machine, lbf [N] 

l = length, in. [mm] 

d = diameter, in. [mm] 
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DATA SHEET 

Experiment Name : Splitting Tensile Strength of Cylindrical Concrete Specimens. 
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Sample Calculation: 

 

 

 

 

 

Results: 

 

 

Comments: 

 

 

 

 

 

Course Teacher : 

Designation  : 

         

________________________      

Signature of the Teacher       

   

 

Discussion: 
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Experiment 11 
Sampling and Testing of Brick for Efflorescence, 

Compressive Strength and Absorption 
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A Efflorescence test for bricks 

A.11.1 Objective: 

The objective of this test is to determine the efflorescence of bricks. 

A.11.2 Introduction: 

The deposition of salts on the surface of clay or ceramic materials is called efflorescence. It is 

resulted from the migration and evaporation of aqueous saline solutions. The efflorescence is 

basically an aesthetic problem, but due to be a complex phenomenon with economic 

consequences it worries manufactures and building constructors. Raw materials, building 

materials, subsoil water, can be the source of soluble salts, which generate the efflorescence. 

A.11.3 Reference Standard: 

This test method conforms to the BDS standard requirements of specification 208:2002. 

A.11.4 Test Method: 

Efflorescence test is done as following: 

Number of Specimens: Test specimens shall consist of 5 whole dry bricks which shall be 

tested for efflorescence as laid down in the following: 

Procedure: Each bricks shall be placed on end in a shallow flat bottom non-absorbent dish 

keeping minimum clearance of 5 cm (2 inches) between two consecutive bricks. Distilled 

water shall then be poured to depth of 2.54 cm (1 inch) so that it surrounds each bricks by one 

inch only. The whole arrangement shall be allowed to stand in a well-ventilated room at 

about 15 degree C to 20 degree C. After a few days when the water has been absorbed and 

the bricks appear to be dry, as similar quantity of water shall again be poured in the dish and 

further drying period allowed. The bricks shall then be examined for efflorescence. 

 

A.11.5 Result: 

The tendency to efflorescence shall be reported as “Nil”, “Slight”, “Moderate”, “Heavy”, or 

“Serious” in accordance with the following definitions. 

 

Nil: No perceptible deposit of salt. 

Slight: Not more than 10 percent of the area of the bricks covered with a thin deposit of salt. 

Moderated: A heavier deposit than under “Slight” and covering up to 50 percent of the area 

of the bricks surface but unaccompanied by powdering of flaking of the surface. 
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Heavy: A heavy deposit of salt covering 50 percent or more of the bricks surface but 

unaccompanied by powdering or flaking of the surface. 

Serious: A heavy deposit of salt accompanied by powdering and/or flaking of the surfaces 

 

B.11.1 Objective: 

Sampling and testing of brick for compressive strength and absorption. 

B.11.2 Introduction: 

According to the characteristics of good brick, they should be uniform in colour, size and 

shape and also should be sound, compact and free from crack or other flaws such as air 

bubbles, stone nodules, etc. The minimum compressive strength of 1st class bricks should not 

be less than 2500 psi they should not absorb more than 1/6
th

of their own weight of water 

when immersed in water for 24 hours (15 to 20% dry wt.). The strength of a brick decreases 

by about 25% when soaked in water. The wt. of each brick should be in the range of 6 to 7 

lbs. Some other important tests of brick includes Modulus of Rupture, Freezing and Thawing, 

Initial Rate of Absorption (Suction), Efflorescence, Measurement of Size, Measurement of 

Warpage, Measurement of Length Change, Measurement of Void Area, Measurement of Out 

of Square, Measurement of Shell and Web Thickness, Breaking Load. 

B.11.3 Reference Standard: 

This test method conforms to the ASTM standard requirements of specification C 67. 

B.11.4 Scope: 

Brick made from clay and shale, some of the most abundant, natural materials on earth, and 

then fired through a kiln at up to 2000 degrees.The use of brick also has a multitude of 

benefits, for example, 

 Clay Brick an Environmentally Sustainable Product 

 Long Life and Value Retention 

 Fire Protection 

 Comfort 

Some advantages of bricks: 

 A pure, natural product 

 Strong and durable 

 Low maintenance 

 Thermal performance 

 Acoustic performance 

 Fire resistance 

 Easily recyclable 

 Minimal waste 
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 Design flexibility 

Grades classify brick according to their resistance to damage by freezing when wet. Three 

grades are covered and the grade requirements are shown in Table 10.1.  

Grade SW (Severe Weathering)-Brick intended for use where high and uniform resistance to 

damage caused by cyclic freezing is desired and where the brick may be frozen when 

saturated with water. 

Grade MW (Moderate Weathering)-Brick intended for use where moderate resistance to 

cyclic freezing damage is permissible or where the brick may be damp but not saturated with 

water when freezing occurs. 

Grade NW (Negligible Weathering)-Brick with little resistance to cyclic freezing damage but 

which are acceptable for applications protected from water absorption and freezing. 

Table 11.1: Physical requirements 

Designation Minimum Compressive 

Strength gross area, psi 

(MPa) 

Maximum Water 

Absorption by 5-h 

Boiling, % 

Maximum Saturation 

Coefficient* 

Average of 

5 Brick 

Individual Average 

of 5 Brick 

Individual Average of 

5 Brick 

Individual 

Grade SW 3000 (20.7) 2500 (17.2) 17 20 0.78 0.80 

Grade MW 2500 (17.2) 2200 (15.2) 22 25 0.88 0.90 

Grade NW 1500 (10.3) 1250 (8.6) no limit no limit no limit no limit 

*Note: The saturation coefficient is the ratio of absorption by 24-h submersion in cold water to that after 5-h 

submersion in boiling water. 

B.11.5 Related Terms: 

Bed surface: the bed surface of the brick is the in situ non-vertical surface intended to be 

joined by mortar. 

Brick face: the face of brick is any surface intended for use to form the exposed surface of the 

masonry structure. 

Frog: an indentation in one bed surface of a brick manufactured by molding or pressing. The 

indentation may be shallow (not exceeding 3/8 in. (9.5 mm)) and is termed a panel. A deeper 

indentation is called a deep frog. 

Absorption:weight of water picked up by a clay masonry unit during immersion at prescribed 

conditions expressed in relation to the dry weight of the unit. Two conditions of immersion 

are designated in standards relating to brick: 24 h in room temperature (60-86°F (15.5-30°C)) 

water or 5 h in boiling water. The resulting absorptions are termed cold absorption and 

boiling absorption 

Initial rate of absorption: a distinct property that offers different information from 

absorption. It is a measure of the suction of water upward into a dry brick from a bed face 
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during one minute of exposure. It is expressed as grams of water picked up in one minute by 

a net area of 30 in
2
(194 cm

2
). Initial rate of absorption is one factor influencing the quality of 

bond between brick and mortar. 

 

B.11.6 Apparatus: 

 Balance 

 Measurement Devices 

 Compression Testing Machine 

 Capping Equipment 

B.11.7 Test Conditions: 

Temperature: 

Drying temperature of the test specimen in an oven is preferably be 230 ± 239°F (110 to 

115°C). Room temperature of 75°  15°F (24°  8°C) with a relative humidity between 30 

and 70% is preferable. 

B.11.8 Procedure: 

Sampling of Brick: 

Selection of test specimen- For the purpose of these tests, full-size bricks shall be selected 

which are representative of the whole lot of units from which they are selected and shall 

include specimens representative of the complete range of colours, textures and sizes in the 

shipment and shall be free of dirt, mud, mortar, or other foreign materials unassociated with 

the manufacturing process. 

Number of specimens- For the compressive strength and absorption determinations, at least 

ten bricks shall be selected from each lot of 1000,000 bricks or fraction thereof. For larger 

lots, five individual bricks shall be selected from each 500,000 bricks of fraction thereof 

contained in the lot. In no case shall less than ten bricks be taken. Additional specimens may 

be taken at the discretion of the purchaser. 

Identification- Each specimen shall be marked so that it may be identified at any time. 

Markings shall cover not more than 5% of the superficial area of the specimen. 

Weight determination- 

 Drying- Dry the test specimens in a ventilated oven at 230 to 239°F (110 to 115°C) 

for not less than 24 h and until two successive weighings at intervals of 2 h show an 

increment of loss not greater than 0.2% of the last previously determined weight of 

the specimen. 

 Cooling- After drying, cool the specimens in a drying room maintained at a 

temperature of 75°  15°F (24°  8°C) with a relative humidity between 30 and 70%. 
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Store the units free from drafts, unstacked, with separate placement, for a period of at 

least 4 h and until the surface temperature is within5°F (2.8°C) of the drying room 

temperature. Do not use specimens noticeably warm to the touch for any test requiring 

dry units. 

 Weigh dry full size specimens. Calculate the weight per unit area of a specimen by 

dividing the total weight in pounds by the average area in square feet of the two faces 

of the unit as normally laid in a wall. 

 Report results separately for each unit with the average for five units or more to the 

nearest 1 g. 

Compressive Strength Determination: 

Test specimens-The test specimens shall consist of dry half brick (as described above), the 

full height and width of the unit, with a length equal to one half of the full length of the unit 

1 in. (25.4 mm). Test specimens shall be obtained by any method that will produce without 

shattering or cracking a specimen with approximately plane and parallel ends. Five 

specimens shall be tested. 

Capping- All specimens shall be dry and cool (as described above during weight 

determination) before any portion of the capping procedure is carried out. If the surface 

which will become bearing surfaces during the compression test are recessed or paneled, fill 

the depressions with a motor composed of 1 part by weight of quick hardening cement and 2 

parts by weight of sand. Age the specimens at least 48 h before capping them. Where the 

recess exceeds ½ in. (12.7 mm), use a brick or tile slab section or metal plate as a core fill. 

Cap the test specimens using one of the two procedures described below. 

 Gypsum Capping- Coat the two opposite bearing surfaces of each specimen with 

shellac and allow to dry thoroughly. Bed one of the dry shellacked surfaces of the 

specimen in a thin coat of neat paste of calcined gypsum (plaster of paris) that has 

been spread on an oiled nonabsorbent plate, such as glass or machined metal. The 

casting surface plate shall be plane within 0.003 in. (0.0076 mm) in 16 in. (406.4 mm) 

and sufficiently rigid; and so supported that it will not be measurably deflected during 

the capping operation. Lightly coat in with oil or other suitable material. Repeat this 

procedure with the other shellacked surface. Take care that the opposite bearing 

surfaces so formed will be approximately parallel and perpendicular to the vertical 

axis of the specimen and the thickness of the gaps will be approximately the same and 

not exceeding 1/8 in. (3.18 mm). Age the caps at 24 h before testing the specimens.  

 Sulfur-Filler Capping- Use a mixture containing 40 to 60 weight % sulfur the 

remainder being ground fire clay or other suitable inert materials passing a No. 100 

(150 μm) sieve with or without plasticizer. The casting surface flat requirements shall 

be as described above. Place four 1 in. (25.4 mm) square steel bars on the surface 

plate to form a rectangular mold approximately ½ in. (12.7 mm) greater in either 

inside dimension than the specimen. Heat the sulfur mixture in a thermostatically 

controlled heating pot to a temperature sufficient to maintain fluidity for a reasonable 

period of time after contact with the surface being capped. Take care to prevent 
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overheating, and stir liquid in the pot just before used. Fill the mold to a depth of ¼ in. 

(6.35 mm) with molten sulfur material. Place the surface of the unit to be capped 

quickly in the liquid and hold the specimen so that its vertical axis is at right angles to 

the capping surface. The thickness of the caps shall be approximately the same. Allow 

the unit to remain undisturbed until solidification is complete. Allow the caps to cool 

for a minimum of 2 h before testing the specimens. 

Procedure- 

 Test brick specimens flatwise (that is the load shall be applied in the direction of the 

depth of the brick). Center the specimens under the spherical upper bearing within 

1/16 in. (1.59 mm).  

 The upper bearing shall be a spherically seated hardened metal block firmly attached 

at the center of the machine. The center of the sphere shall lie at the center of the 

surface of the block in contact with the specimen. The block shall be closely held in 

its spherical seat, but shall be free to turn in any direction, and its perimeter shall have 

at least ¼ in. (6.35 mm) clearance from the head to allow for specimens whose 

bearing surfaces are not exactly parallel. The diameter of the bearing surface shall be 

at least 5 in. (127 mm). Use a hardened metal bearing block surface intended for 

contact with the specimen, having hardness not less than HRC 60 (HB 620). These 

surfaces shall not depart from plane surfaces by more than 0.001 in. (0.03 mm). When 

the bearing area plate with surfaces machined to true planes within  0.001 in. (0.03 

mm) and with a thickness equal to at least one third of the distance from the edge of 

the spherical bearing to the most distant corner between the spherical bearing block 

and the capped specimen. 

 Apply the load up to one half of the expected maximum load, at any convenient rate, 

after which adjust the controls of the machine so that the remaining load is applied at 

a uniform rate in not less than 1 nor more than 2 min. 

 Calculation and Report- 

Calculation the compressive strength of each specimen as follows: 

Compressive strength, C = W/A 

Where,  

C = compressive strength of the specimen. 1b/in
2
 (or kg/cm

2
) (or Pa. 10

4
)  

W = maximum load, 1bf. (orkgf) (or N), indicate by the testing machine and 

A = average of the gross areas of the upper and lower bearing surfaces of the 

specimen in
2
 (or cm

2
). 

Report the result to the nearest 10 psi. 

Absorption: 

The scale or balance used shall have a capacity of not less than 2000 gm and shall be 

sensitive to 0.5 gm.  

Test specimens- The test specimens shall consist of half brick conforming to the requirements 

same as for compressive strength. Five specimens shall be tested. 
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Procedure- 

 Dry and cool the test specimens in accordance with weight determination in sampling 

and weigh each one. 

 Saturation- Submerge the dry, cooled specimen, without preliminary partial 

immersion, in clean water (soft, distilled or rain water at 60 to 860F (15.5 to 300C) 

for the specified timer. Remove the specimen, wipe off the surface water with a damp 

cloth and weight the specimen. Complete weighing of each specimen within 5 min 

after removing the specimen from the bath. 

 Calculations and Report- Calculate the absorption of each specimen as follows: 

Absorption, % = 
Ws - Wd

 Wd
  X 100% 

Where, 

Wd = dry weight of the specimen, and 

Ws = saturated weight of the specimen after submersion in cold water. 

Report the absorption of all the specimens tested as the absorption of the lotto the 

nearest 0.1 %. 
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DATA SHEET 

Experiment Name : Sampling and Testing of Bricks- Field Tests, Compressive Strength 

and Absorption Capacity. 

Experiment Date : 

 

Student’s Name : 

Student’s ID  : 

Year/ Semester : 

Section/ Group : 

 

Table: Field Tests 

Description Sample  1 Sample 2 Sample 3 

Color    

Shape    

Size    

Weight    

Soundness    

Fractured Surface    

Efflorescence    

T-test    

Surface Hardness    

 

Table: Compressive Strength of Bricks 

Sample No. Length (in.) Width (in.) Area (in
2
) Compressive 

Strength, psi 

(MPa) 

Avg. 

Compressive 

Strength, psi 

(MPa) 

      

     

     

     

 

Table: Absorption Capacity 

Sample No. SSD Weight 

(gm) 

OD Weight 

(gm) 

Absorption 

Capacity (%) 

Avg. Absorption 

Capacity (%) 
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Sample Calculation: 

 

 

 

 

 

 

Result: 

 

 

 

Comments: 

 

 

Course Teacher : 

Designation  : 

 

          

________________________      

Signature of the Teacher  

Discussion: 

 

 

 

 

 

Assignment Questions: 

1. How do you measure the absorption capacity of a brick? What will happen if a brick 
absorb more water 
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Reference Standard 

ASTM C29 Standard Test Method for Bulk Density (“Unit Weight”) and Voids in 

Aggregate 

ASTM C39 Standard Test Method for Compressive Strength of Cylindrical 

Concrete Specimens 

ASTM C67 Standard Test Method for Testing and Sampling Brick and Structural 

Clay 

ASTM C109 Standard Test Method for Compressive Strength of Hydraulic Cement 

Mortars (using 50 mm [2 in.] Cube ASTM Specimens) 

ASTM C127 Standard Test Method for Density, Relative Density (Specific 

Gravity) and Absorption of Coarse Aggregate 

ASTM C128 Standard Test Method for Density, Relative Density (Specific 

Gravity) and Absorption of Fine Aggregate 

ASTM C131 Standard Test Method for Resistance to Degradation of Small Size 

Coarse Aggregate by Abrasion and Impact in the Los Angeles 

Machine 

ASTM C136 Standard Test Method for Sieve Analysis of Fine and Coarse 

Aggregates 

ASTM C138 Standard Test Method for Density (Unit Weight), Yield and Air 

Content (Gravimetric) of Concrete 

ASTM C150 Standard Specification for Portland Cement 

ASTM C173 Standard Test Method for Air Content of Freshly Mixed Concrete by 

the Volumetric Method 

ASTM C187 Standard Test Method for Normal Consistency of Hydraulic Cement 

ASTM C191 Standard Test Method for Time of Setting of Hydraulic Cement by 

Vicat Needle 

ASTM C192 Standard Practice for Making and Curing Concrete Test Soecimens 

ASTM C231 Standard Test Method for Air Content of Freshly Mixed Concrete by 

the Pressure Method 

BDS 208:002 Standard for Efflorescence Test   

 

 


