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Quality Control 

Methodology
1 INTRODUCTION

This manual covers testing of highway materials I n six section, which are in the following order.

i. Tests on soils

ii. Tests on aggregate
iii. Tests on Cement
iv. Tests on bitumen
v. Tests on Concrete mix
vi. Tests on asphalt mix
All the test procedures are briefly out lined with necessary photographs and standard test formats. These test formats can be taken to use for testing of highways materials in the on going job.

Er.  Raj Mohammad Khan 
 (B.E. CIVIL, M.E. CIVIL)
2. TESTS ON SOILS

2.1 METHOD FOR PREPRATION OF DRY SOIL SAMPLE FOR VARIOUS TESTS

STANDARD

· IS :2720 (Part 1) 1983

OBJECTIVE

· To prepare dry soil sample from the field for various laboratory tests.

APPARATUS

· Wooden mallet 

· Non-corrodible trays.

· Pulverizing apparatus such as mortar and a rubber covered pestle or a mechanical device consisting of mortar and a rubber covered pestle.

· A suitable riffle sample or sample splitter for quartering the samples.

· Thermostatically controlled oven of capacity 250 oC.

· Balance capacity 500grams and sensitivity 0.01 grams.

· Balance of capacity 10Kgs and sensitivity 0.5 grams.

· Balance of capacity 15Kgs and sensitivity 1 grams.

PROCEDURE

· Dry the soil sample as received from the field in the air or under the sun.

· Remove the organic matter like tree roots and pieces of bark from the sample.

· Separate matter other than soil, like shell from the soil mass.

· Break the clods with a wooden mallet to hasten dry.

· In wet weather a drying apparatus may be used but the temperature of the sample during heating shall not exceed 60 oC.
· When an oven is used for drying, the temperature in the oven shall not exceed 110 oC.

· The amount of drying depends upon the proposed test to be conducted on the particular sample.

· The type, temperature and duration of drying of soil samples for different tests are given in Table: 2.1.1.

· After the specified period of drying, cool the material to the room temperature.

· Break the big clods with the help of wooden mallet.

· Pulverize the soil sample to pass through the specified sieves of the particular test to be conducted.

· Mix the entire soil thoroughly and spread on a flat surface.

· Divide the sample into four quadrants and mix the diagonally opposite quadrants.
· Repeat this process till the desired quantity of sample is obtained as shown in Fig; 2.1.1.

Fig: 2.1.1 Method for Quartering
The quartering method shall be used when splitters are not available. Quartering simply required a quartering cloth and a stick or rod and is done as follows.

i..  Pour content from sample bucket



ii.  Level sample on quartering cloth 

      on to the quartering cloth


     

      using a rod.

iii. Insert rod under the middle of the 


iv. Repeat step iii, dividing the sample

     quartering cloth and lift both 




     in to four quarters

     ends of rod to divide the sample 

      in to two equal parts.

v. Retain any two diagonally opposite parts for testing.

vi. If the sample is still not small enough, repeat the quartering procedure using either of the two 

     diagonally opposite halves.

PRECAUTIONS
· Care shall be taken not to break individual grains during pulverization of soil.

· Soils containing organic or calcareous matter should not be dried at a temperature above 60 oC.

· In the case of coarse gravels or gravelly soils quartering by forming a cone shall not be done.

Table: 2.1.2 Quantity of soil sample required for conducting various tests.
	Test
	Type of drying and temperature
	Duration of drying
	Amount of sample required for testing
	Passive IS sieve

	Water content
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	As per Table: 2.2.1
	-

	Compaction
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	5 Kgs (Not susceptible to rushing)

15 Kgs (susceptible to rushing)
	19mm

	Free swell index
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	20 Grams
	425 Microns

	Liquid Limit
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	120 grams
	425 Microns

	Plastic Limit
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	20 Grams
	425 Microns

	CBR
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	15 Kgs
	19mm

	Specific Gravity
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	50 Grams (Fine Grained Soils)

400 Grams (Medium & coarse Grained Soils)
	2mm

	Grain size Analysis
	Air dried / oven dried at 105 to 110 oC.
	24 Hours
	As per Table: 2.4.1
	-


2.2 DETERMINATION OF WATER CONTENT

STANDARD

· IS: 2720 (Part 2) 1973

OBJECTIVE

· To determination water content of soil.
APPARATUS

· Airtight containers.

· Balance of capacity 15Kg and sensitivity 1 grams.

· Thermostatically controlled oven of capacity 250 oC.

PROCEDURE

· Take a representative sample of soil from soil mass.

· The quantity of soil sample for the purpose shall be as given in Table:-2.2.1.

Table: 2.2.1 Minimum quantity of soil sample to be taken for the test.

	Size of particle more than 90% passing IS sieve
	Minimum quantity of soil sample to be taken in grams

	425 microns
2.00 mm

4.75 mm

9.50mm

19.00 mm

37.50mm
	25

50

200

300

500

1000


· Clean the container, dry and weigh with lid (W1).

Fig: 2.2.1 Sampling and weighing of soil
· Take required quantity of soil sample in to the container crumble and place loosely, and weigh (W2) with lid as shown in Fig: 2.2.1.

· Place the container in the oven with lid remove and maintain the temperature of oven at 105 to 110 oC for a period of 24 ± ½ hours as shown in Fig: 2.2.2.
· After the specified period, removed the container with the sample from the oven, replace the lid and cool it in a desiccator.

· Record the final mass (W3) of the specimen along with the lid.

CALCULATIONS

        W2 – W3
· Water Content, (%) =  ----------------------- x 100





          W3-W1
W1 = Weight of container with lid.

W2 = Weight of container with lid and wet soil.

W3 = Weight of container with lid a dry soil.

REPORT

· Report the individual and the results to the nearest second decimal.
2.3 DETERMINATION OF SPECIFIC GRAVITY
STANDARD
· IS: 2720 (Part 3 /Sec-1) 1980

DEFINATION

· Specific gravity is defined as the ratio of the mass of a given volume of the substance to the mass of an equal volume of water.

APPRATUS

· Pycnometer of approximately 50ml capacity with stopper.

· Thermostatically controlled water bath maintained with in 27 ± 0.2oC.

· Vacuum desiccator of size 200mm to 250mm in diameter.

· Desiccator of size 200mm.

· Thermostatically controlled oven of capacity 250oC.

· Analytical balance of sensitivity 0.001 grams.

· 2mm IS sieve.

· Vacuum pump.

· A wash bottle preferably made of plastics.

· Riffle box.

· A length of rubber tubing to fit the vacuum pump.

PROCEDURE

· Dry the pycnometer in the oven at a temperature of 105 to 110oC and cool it in the desiccator and weigh (m1).

· Take approximately 5 to 10 grams from 50 grams of oven dried soil sample obtained by riffling and well pulverized to pass 2mm IS sieve if necessary.

· Transfer the soil sample in to the pycnometer direct from the desiccator in which it has been cooled.

· Weigh the pycnometer and the soil sample together with the stopper (m2).

· Add sufficient air free distilled water in to the pycnometer so that the soil in the bottle is just covered.

· Place the pycnometer containing soil and liquid in the vacuum desiccator, which is gradually evacuated 

· Reduce the pressure to 20mm Hg and allow the pycnometer to remain in the desiccator for at least one hour until no further loss of air is apparent.

· Release the vacuum and remove the lid of the desiccator.
· Carefully stir the soil in the pycnometer with a stirrer.

· Wash out all the particles of soil that adhering to the stirrer with a few drops of air free liquid.

· Replace the lid of the desiccator and evacuate the desiccator.

· Replace the procedure above until no more air is evolved from the soil.

· Alternatively the entrapped air can also be removed by heating the pycnometer on a water bath or sand bath.

· Remove the pycnometer and the contents from the desiccator and add air free liquid to fill the pycnometer completely and replace the stopper.

· Transfer the pycnometer in to the constant temperature bath maintained within 27 ± 0.2oC and immersed up to the neck of the bottle.

· Allow the pycnometer to remain in the constant temperature bath for approximately about one hour or until it has attend the constant temperature of the bath.

· Remove the pycnometer from the bath wipe it dry and weight (m3) 

· Clean the pycnometer and filled it with air free liquid, replace the stopper and keep it in the constant temperature bath for approximately about one hour or until it attends the constant temperature of the bath and weigh (m4).

· Make at least two determinations for each test.

CALCULATIONS

· If distilled water is used as an air free liquid, calculate the specific gravity of the soil particles ‘G’ from the equation.

   m2 – m1
G = -------------------------------

    (m4 – m1) – (m3 – m2)

· If kerosene or white spirit is used as an air free liquid, calculate the specific gravity of the soil particles ‘G’ from the equation.

GL (m2 – m1)
G = -------------------------------

    (m4 – m1) – (m3 – m2)
GL = Specific gravity of the liquid used at the constant temperature.
m1 = mass of pycnometer.
m2 = mass of pycnometer + dry soil.
m3 = mass of pycnometer, soil and water.
m4 = mass of pycnometer and water.
REPORT

· Report the individual and the mean results to the nearest 0.01 at 270C.

· If the two results differ by more than 0.03 repeat the test.

PRECAUTIONS
· Soil should not be dried more than 800C if there is any doubt in change of specific gravity by oven drying due to loss of water during hydration.

· It has been observed that largest source of error in the test is due to the difficulty in ensuring the complete removal of air from the sample.

· To obtain reliable and quicker results the soil should be left under vacuum for several hours, preferably overnight shaking the bottle in hand once or twice interrupting the vacuum.

2.4 DETERMINATION OF GRAIN SIZE ANALYSIS
STANDARD
· IS: 2720 (Part 4 / Section 3 & 4) 1985.

OBJECTIVE

· To determine the Grain size analysis of soils.

APPARATUS
· Balance of capacity 15 Kg and sensitivity 1 gram.

· Sieves 100mm, 75mm, 19mm, 4.75mm, 2mm, 425microns and 75 microns conforming to IS: 460(Part 1) 1978.

· Non – corrodible trays

· Bucket 1no.

PROCEDURE
Sieve analysis of soil fraction retained on 4.75mm IS sieve

Dry analysis
· Prepare the soil sample received from the field in accordance with IS: 2720 (Part 1) 1983.

· Take the sample portion retained on 4.75mm sieve for the analysis.

· The quantity of sample to be taken shall depend upon the maximum particle size contained in the soil as shown in Table: 2.4.1.

Table: 2.4.1 Quantity of sample required for grain size analysis

	Maximum size of particle present
	Weight of sample to be taken

	75
	60

	40
	25

	25
	13

	19
	6.50

	12.50
	3.50

	10
	1.50

	6.5
	0.75

	4.75
	0.40


· Separate the sample in to various fractions by sieving through the 100mm, 75mm, 19mm and 4.75mm IS sieves.

· While sieving through each sieve agitate the sieve so that the sample rolls in irregular motion over the sieve.

· Any particle may be tested to see if they will fall through but they shall not be pushed through.

· Rub the material from the sieve, if necessary, with the rubber covered pestle in the mortar taking care to see that the individual particles are not broken.

· Re sieve to make sure that only individual particles are retained.

· The quantity taken each time for sieving on each sieve shall be such that the maximum weight of material retained on each sieve at the completion of sieving does not exceed the values shown in table 2.4.2.

Table: 2.4.2 Minimum quantity of material to be retained on each sieve
	IS sieve (mm)
	450mm dia. Sieves
	300mm dia. Sieves (kgs)

	80
	15
	6

	20
	4
	2

	4.75
	1
	0.5


· Record the mass of the material retained on each sieve.

· If the soil appears to contain over 5 % moisture, determine the water content of the material in accordance with IS: 2720 (Part 2) 1973 and correct the masses accordingly.

· When the sample contains less than 5% of moisture it is not necessary to determine the moisture content for dry weight computations and make all determinations on the basis of wet weight only.

· If the soil contains more than 20% of gravel particles and the fines are very cohesive with considerable amounts adhering to the gravel after separation, wash the gravel on 4.75mm sieve using Sodium Hexametaphosphate if necessary.

Sieve analysis of soil fraction passing 4.75mm and retained on 75 microns IS sieve

Wet Analysis
· Oven dry the portion of material passing4.75mm IS sieve at the temperature of 105 to 1100C.

· Riffle the oven dried material so that a fraction of convenient mass of about 200gms is obtained.

· Spread out the riffled and weighed fraction in a large tray or bucket and fill with water.

· Add 2gms of Sodium Hexametaphosphate or 1 gram of Sodium hydroxide and 1 gram of Sodium carbonate per liter of water.

· Thoroughly stir the sample and leave it for 24 hours soaking.

· After the specified period of soaking, wash the sample thoroughly over 2mm, 425 microns and 75 microns IS sieves.

· Continue washing until the water passing each sieve is substantially clear.

· Care shall be taken to see that the sieves are not over loaded in the process.

· Empty the fraction retained on each sieve carefully with out any loss into separate trays.

· Oven dry at 105 to 1100C and weigh each fraction separately.

Dry Analysis
· Conduct sieving as per the procedure described in the sieve analysis of soil fraction retained on 4.75mm sieve except the sieves and the size of the sample.

· The size of the sample shall be 200gms and the sieves are 2mm, 425microns and 75microns.

CALCULATIONS
· Calculate the percentage of soil retained on each sieve on the basis of total mass of the soil sample taken.

· From these results calculate the percentage passing through each of the sieves.

REPORT
· Report the percentage of passing to the nearest second decimal.

PRECAUTION
· Any particle may be tested to see if they will fall through but they shall not be pushed through.

2.5 DETERMINATION OF GRAIN SIZE ANALYSIS

(HYDROMETER METHOD)

STANDARD
· IS: 2720 (Part 4) 1985.

OBJECTIVE
· To determine the grain size analysis of soils.

APPARATUS
· Glass measuring cylinders 2nos of 1000ml capacity with ground glass or rubber stoppers about 7cms diameter and 33cms high marked at 1000ml volume.

· Thermometer capable of reading temperature up to 900C and sensitivity 0.50C.

· Water bath or constant temperature bath.

· 4.75mm and 75 micros IS sieves.

· Balance of accuracy 0.01 gram.

· Thermostatically controlled oven of capacity 2500C.

· Stopwatch.

· Centimeter scale.

· Porcelain evaporating dishes.

· Wide mouth conical flask of 1000ml capacity.

· Measuring cylinder of capacity 100ml.

· Wash bottle.

· Filter paper.

· Blue litmus paper.

· Glass rod of about 15 to 20cm long and 4 to 5mm in diameter.

Reagents

· Hydrogen Peroxide.

· Hydrochloric acid (In solution – 89ml of concentrated Hcl diluted with distilled water to make one liter of solution).

· Sodium Hexametaphosphate (In solution – Dissolve 33 grams of Sodium Hexametaphosphate and seven grams of Sodium Carbonate in distilled water to make one liter of solution).

PROCEDURE
Calibration of Hydrometer

i. Measure and record the distance from the lowest calibration mark on the stem of hydrometer to each of the major calibration marks (Rh).

ii. Measure and record the distance from the neck of the bulb to the nearest calibration mark.

iii. The distance H corresponding to a reading Rh is the sum of the distance measured in (i) and (ii).

iv. Measure and record the distance (h) from the neck to the bottom of the bulb as height of the bulb.
· Calculate the effective depth (HR) corresponding to each of the major calibration marks (Rh) from the equation

· Plot a smooth curve through the points corresponding to HR and Rh.
· Obtain the effective depth (HR) corresponding to hydrometer reading (Rh) from the curve.

Meniscus Correction
· Insert the hydrometer in a 1000ml measuring cylinder containing about 1000ml of water 

· Place the eye slightly below the plane of surface of the liquid and note the reading at which the meniscus intersects the hydrometer scale

· Again place the eye slightly above the plane of surface of the liquid and note the reading at which the meniscus intersects the hydrometer scale.

· Record the difference between the two readings as the meniscus correction Cm.

Pretreatment
· Take exactly 50 grams of sample for clayey soils and 100 grams for sandy soils 

· Pour the sample in to wide mouth conical flask.

· Add 150 ml of hydrogen peroxide to the sample in the flask.

· Stir the mixture gently with a glass rod and cover the flask with a glass cover and allow the mixture to stand for 24 hours.

· After 24 hours gently heat the flask containing mixture.

· Take care to avoid frothing over by periodically stirring the mixture

· Continue heating till the volume in the flask is reduced to 50ml.

· Allow the mixture to cool in case of soils containing calcium compounds.
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· Add 50ml of hydrochloric acid to the mixture and stir well with a glass rod for few minutes.

· Allow the mixture to stand one hour or for longer period if necessary 

· Add more acid if the soil contains large amount of calcium salts.

· Wash the mixture with warm water and filter it until the filtrate shows no acid reaction to litmus

· Transfer the damp soil on the paper and funnel to the evaporating dish with out any loss using a jet of distilled water.

· Dry it in the oven at a temperature of 105oC to 110oC.

· Weigh and record the mass of the soil after pretreatment.

Note
· In of the soils containing no calcium compounds or soluble salts and having a low organic content (less than 2%) omit the pretreatment and dispersing agent to the soil taken for analysis.

Dispersion of soil

· Add 100ml sodium Hexametaphosphate solution to the soil in the evaporating dish.

· Gently heat the mixture for about 10 minutes.

· Transfer the mixture in to the cup of mechanical mixture using a jet of water to wash all traces of the soil out of the evaporating dish.

· Use about 150ml of water during the operation.

· Stir the whole mixture for 15 minutes.

· Transfer the mixture to the 75 microns IS sieve placed on a receiver and wash it on the sieve using a jet of distilled water from the wash bottle.

· Use about 500ml of water during this operation.

· Collect the material retained on 758 microns IS sieve and dry it in the oven at a temperature of 105oC to 110oC.

· After the specified period remove the material from the oven and record the mass.

· Transfer the suspension that has passed 75 microns IS sieve in it to the 1000ml measuring cylinder.

· Make up exactly 1000ml by adding distilled water.

· Use the soil suspension for the sedimentation analysis.

· Prepare a control jar with distilled water and Sodium Hexametaphosphate solution same as that of solution in hydrometer jar.

Sedimentation
· Insert a rubber bung in to mouth of the cylinder containing soil suspension.

· Shake it vigorously and finally invert it end to end.

· Immediately keep the cylinder in the constant temperature bath.

· Insert the hydrometer in to the soil suspension.

· Start the stop watch and take readings at periods of intervals half, one, two and four minutes.

· Remove the hydrometer from the soil suspension cylinder and insert to the control jar.

· Reinsert the hydrometer in to the soil suspension and take readings after periods of 8, 15, and 30 minutes, one, two and four hour.

· After four hours take hydrometer readings once or twice with in 24 hours.

· Finally take reading at the end of 24 hours.

· It is usual to leave the hydrometer in soil water suspension for the first four readings and then removed and kept in the control jar and reinserted in to the soil water suspension for each and other readings.

· Allow ten seconds for each operation.

· Record the temperature in the suspension once during the first 15 minutes and then after every subsequent reading.

· Take also hydrometer readings in control jar at the corresponding temperatures.

· Calculate the temperature correction (M1) as the difference between this reading and the reading corresponding to the density of water.

· Take care, to see that temperature difference between the soil water suspension and solution in the control jar shall be with in 1oC.

CALCULATION
· Calculate the diameter of particle in soil suspension at any time (t) of taking reading from the following formula

D=
D= Diameter of particle in suspension in mm.

Table
	Temperature (oC)
	Unit weight of water (g/ cm3)
	Viscosity of water (poises)

	26
	0.9968
	0.00875

	27
	0.9965
	0.00855

	28
	0.9963
	0.00836

	29
	0.9960
	0.00818

	30
	0.9957
	0.00800

	31
	0.9954
	0.00783

	32
	0.9951
	0.00751

	33
	0.9947
	0.300736

	34
	0.9944
	0.00721


Correct the hydrometer reading for meniscus (Rh) using the following formula

Rh = R1h+Cm

R1h =Actual hydrometer reading.

Cm=Meniscus correction.

Calculate the percentage of particles finer than D (Wb) from the following formula 

W =     100Gs      * (Rh +M1)


Wb (Gs-1)
Gs=Specific gravity of soil particles.

Wb=Weight of soil taken from sedimentation.

Rh=Hydrometer reading corrected for meniscus.

M1=Temperature correction

· Calculate the values of W for all values of D obtained and express as percentage of particles finer than the corresponding values values of D.

· Express these percentages as combined percentage of total soil sample taken for analysis.

PRECAUTIONS

· The temperature of the suspension over the period of the test shall not differ from the mean temperature by more than ± 2oC.

· Take care, during insertion and with drawl of hydrometer before and after taking reading to avoid disturbing in the suspension.

2.6 DETERMINATION OF LIQUID LIMIT 

BY CASAGRANDE APPARATUS

STANDARD

IS:2720 (Part 5) 1985

DEFINITION

Liquid limit is defined as the water content at which the soil changes from liquid state to plastic state.

APPARATUS

· Casagrande apparatus confirming to IS: 9259-1979.

· Grooving tool.
· Balance of capacity 500 grams and sensitivity 0.01 gram.
· Thermostatically controlled oven with capacity up to 250oC.
· Porcelain evaporation dish about 12 to15cm in diameter.
· Spatula flexible with blade about 8cm long and 2cm wide.
· Palette knives with the blade about 20cm long 3cm wide.
· Wash bottle or beaker containing distilled water.
· Container airtight and non –corrodible for determination of moisture content.
PROCEDURE

· Take representative soil sample of approximately 120gms through 425 micron IS sieve and mix thoroughly with distilled water in the evaporating dish to a uniform paste.

· The paste shall have a consistency that will be require 30 to 35 drops of the cup to cause the required closure of the standard groove

· Leave the soil paste to stand for 24 hours to ensure uniform distribution of moisture through out the soil mass.
· Remix the soil thoroughly before the test.

· Place a portion of the paste in the cup above the spot where the cup rest on the base, squeeze down and spread in to the position with a few strokes of the spatula as possible and at the same time trim to a depth of 1cm at the point of maximum thickness.

· Make a clean, sharp groove by a grooving tool along the diameter through the centerline of the cam follower.

· Drop the cup from the height of 10 ± 0.25mm by turning the crank at the rate of two revolutions /sec, until the two halves of the soil cake come in contact with the bottom of the groove along the distance of about 12mm.

· Record the number of drops required to cause the groove close for the length of 12mm.

· Collect the representative slice of sample of soil approximately the width of spatula, extending from about edge to edge of the soil cake at the right angle to the groove in to the airtight container and keep in the oven fro 24hrs, maintained at the temperature of 105o to 110oC and express its moisture content as the percentage of the oven dried weight.

· Transfer the remaining soil in the cup to the evaporating dish and clean the cup and the grooving tool thoroughly.

· Repeat the operation specified above for at least three more additional trails (minimum of for in all)with soil collected in evaporating dish to which sufficient water has been added to bring the soil to more fluid condition.

· In each case record the number of blows and determine the moisture content as before.

· The specimens shall be of such consistency that the number of drops required to close the groove shall not be less than 35.

REPORT
· Plot a flow curve with the points obtained from each determination on a semi logarithmic graph representing water content on the arithmetical scale and the no of drops on the logarithmic scale.

· The flow curve is a straight line drawn as nearly as possible through the four and more plotted points.

· The moisture content corresponding to 25 drops as read from the curve shall be rounded off to the nearest second decimal and it reported as liquid limit of the soil.

PRECAUTION

· This test should proceed from the drier (more drops) to the wetter (less drops) condition of the soil.

· This test may also be conducted from wetter to drier condition provided drying is achieved by kneading the wet soil and not by adding dry soil.
2.7 DETERMINATION OF PLASTIC LIMIT 
AND PLASTICITY INDEX

STANDARD

· IS:2720 (Part 5) 1985

OBJECTIVE

· Plastic limit is defined as minimum water content at which soil remains in plastic state.

APPARATUS
· Porcelain evaporating dish about 12cm in diameter.

· Flat glass plate 10mm thick and about 45cm square or longer.

· Spatula flexible with the blade about 8cm long and 2cm in wide.

· Ground glass plate 20*15 cm.

· Airtight containers.

· Balance of capacity 500grams and sensitivity 0.01 grams.

· Thermostatically controlled oven with capacity upto 250oC.

· Rod 3mm in diameter and about 10cm long.

PROCEDURE

· Take representative soil sample of approximately 20g from the position of the material passing 425 micron IS sieve and mix thoroughly with distilled water in an evaporation dish till the soil mass becomes plastic enough to be easily molded with fingers.

· In the case of clayey soils, leave the soil mass to stand for 24 hours to ensure uniform distribution of moisture through out the soil.

· Form a ball with about 8 grams of this soil mass and roll between the fingers and the glass plate as shown in Fig: 2.7.1 with just sufficient pressure to roll the mass into a thread of uniform diameter throughout its length.

· The rate of rolling shall be between 80 and 90 strokes /minute counting the stroke as one complete motion of the hand forward and back to the starting position again.

· Continue the rolling till the thread crumble exactly at 3mm diameter as shown in Fig: 2.7.1.

· If the soil thread doesn’t crumble exactly at3mm knead the soil together to a uniform mass and roll it again.

· Continue this process of alternate rolling and kneading until the thread crumbles under the pressure exactly at 3mm diameter.

· Collect the piece of crumbled soil thread in an airtight container and determine its moisture content.

· Determine the plastic limit for at least two points of the soil passing 425 micron IS sieve.

REPORT

· Report the individual and the mean of the result as the plastic limit of the soil to the nearest second decimal.

PRECAUTION

· At no time shall an attempt be made to produce failure at exactly 3mm diameter by allowing the thread to reach 3mm then reducing the rate of rolling or pressure or both and continuing the rolling without further deformation until the thread falls the part.

PLASTICITY INDEX
· The plasticity index is defined as the numerical difference between its liquid limit and plastic limit.

REPORT

· Plasticity Index=Liquid limit-Plastic limit

PRECAUTION

· In the case of sandy soil plastic limit should be determined first
· When the plastic limit can not be determined the plasticity index should be reported as NP (Non-Plastic).

· When the plastic limit equal to or greater than liquid limit, the plasticity index shall be reported as zero.

2.8 DETERMINATION OF WATER CONTENT –DRY

 DENSITY RELATION (HEAVY COMPACTION)

STANDARD

IS: 2720 (Part 8) 1983

OBJECTIVE

To determine of required amount of water to be used when compacting the soil in the field and resulting degree of denseness, which can be expected from compaction at optimum moisture content.

APPARATUS

Cylindrical metal mould shall be either of 100mm diameter and 1000
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· Place the mould on a solid base such as a concrete floor or plinth and compact the moist soil into the mould, with the extension attached in 5 later of approximately equal mass, each layer being given 25 blows with the 4.90 kg hammer dropped from a height of 450mm above the soil.

· Distribute the blows uniformly on each layer as shown in Fig: 2.8.1.

· The amount of soil used shall be sufficient to fill the mould leaving not more than about 6mm to be struck of off when the extension is removed.

· Remove the extension and carefully level the compacted soil to the top of mould by means of straight edge.

· Weigh the mould and the soil to the nearest gram (m2) as shown in Fig: 2.8.2.

· Remove the compacted soil from the mould and place on the mixing tray.

· Collect the representative sample from the soil in the tray and keep in the oven for 24 hours maintained at a temperature of 105o to 110oC to determine the moisture content (W).

COMPACTING SOIL CONTAINING COARSE MATERIAL UP TO 37.50 MM
· Take representative sample of material passing though 37.50 mm IS soil.

· Compact the material in 2250 cm3 volume of mould in five layer each layer being given 55 blows with 4.90 kg rammer dropped from a height of 450mm above the soil.

· The remaining procedure is same as described above for 1000cc mould.

· In all the above cases make at least five determinations and the range of moisture content shall be such that the optimum moisture content at which the maximum dry density occurs is within that range.

CALCULATION

Calculate the bulk density γw in g /cm3 of each compacted specimen from the equation,

γw = (m2 m1) /Vm

m1=Weight of the mould with base plate.

M2=Weight of the mould with compacted soil.
Vm=Volume of mould in cm3.

Calculate the dry density γd in g/cm3 from the equation.

γd =γw /(1+w/100)

γw = Bulk density

W=% moisture content.

REPORT

Plot the values obtained for each determination on a graph representing moisture content on x-axis and dry density on y-axis.

Draw a smooth curve through the resulting points and determine the position of the maximum in the curve.

Report the dry density corresponding to the maximum point to the nearest 0.01.

Report the percentage corresponding to the maximum dry density i.e. optimum moisture content to the nearest 0.2% for values below 5% and to the nearest 0.5% for values from 5 to 10% and to nearest whole number for values exceeding 10%.

PRECAUTION

With clays of high plasticity or where hand mixing is employed, it may be difficult to distribute the moisture uniformly thoroughly out the air dried soil by mixing alone, So it may be necessary to preserve the mixed sample in a sealed container for a minimum period of about 16 hours before conducting the test.

2.9 LABORATORY DETERMINATION OF 
CALIFORNIA BEARING RATIO

STANDARD

· IS: 2720 (Part 16 )1979

DEFINITION

· California bearing ratio is the ratio of force per unit area required to penetrate in to a soil mass with a circular plunger of 50mm diameter at the rate of 1.25mm / min.

APPARTUS

· Mould 2250cc capacity with base plate, stay rod and wing nut confirming to 4.1, 4.3, 4.4 of IS: 9669-1980.

· Collar confirming to 4.2 of IS: 9669-1980.

· Spacer disc confirming to 4.4 of IS: 9669-1980.

· Metal rammer confirming to IS: 9189-1979.

· Expansion measuring apparatus with the adjustable stem , perforated plates, tripod confirming and to weights confirming to 4.4 of IS; 9669-1980.

· Loading machine having a capacity of at least 5000kg and equipped with a movable head or base that travels at a uniform rate of 1.25 mm/min for use in forcing the penetration plunger to the specimen.

· Penetration plunger confirming to 4.4 of IS: 9669-1980.

· Dial gauge two numbers reading to0.01mm.

· IS sieves 37.50 or 22.50 or 19mm and 4.75mm.

· Miscellaneous apparatus such as mixing bowl, straight edge, scales, soaking tank, drying oven, filter paper, dishes and calibrated measuring jar.

PROCEDURE

· There are two types of methods in compacting soil specimen in the CBR moulds.

i. Static compaction method.

ii. Dynamic compaction method.

· The material used in the above two method shall pass19mm sieve for fined grained soils and 37.50mm sieve for coarse materials up to 37.50mm.

· Replace the material retained on 19mm sieve by an equal amount of material passing 19mm sieve and retained on 4.75mm sieve.

· Replace the material retained on 37.50mm sieve by an equal amount of material passing 37.50mm sieve and retained on 4.75mm sieve.
Static Compaction

· In this method calculate the mass of wet soil at required moisture content to give a desired density when compacted in a standard test mould as given below

· Volume of mould =2250cc.

· Weight of dry soil (W) =2250xMDD.

· Weight of wet soil =1+      m___*W

100

Weight of water = weight of wet soil-Weight of dry soil.

m=Optimum moisture content obtained from the laboratory compaction soil.

· Take oven dried soil sample of calculated weight and thoroughly mix with water (OMC) as obtained from the above equation.

· Record the empty weight of the mould of base plate, with extension collar removed (m1).

· Place the correct mass of the wet soil in the mould of five layers.

· Gently compact each layer with the spacer disc.

· Place a filter paper on top of the soil followed by a 5cms displacer disc.

· Compact the mould by pressing it in between the platens of the compression testing machine until the top of the spacer disc comes flush with the top of the mould.

· Held the load for about 30 seconds and then release.

· In some soil types where a certain amount of rebound occurs, it may be necessary to reapply load to force the displacer disc slightly below the top of the mould so that on rebound the right volume is obtained.

· Remove the mould from the compression testing machine.

· Remove the spacer disc and weigh the mould with compacted soil (m2).

· Replace the extension collar of the mould.

· Prepare two more specimens in the same procedure as described above.

Dynamic Compaction
· Take representative sample of soil weighing approximately 6kg and mix thoroughly at OMC.

· Record the empty weight of the mould with base plate, with extension collar removed (m1).

· Replace the extension collar of the mould.
· Insert a spacer disc over the base plate and place a coarse filter on the top of the spacer disc.

· Placer the mould on a solid base as a concrete floor or plinth and compact the wet soil in to the mould in five layers of approximately equal mass each layer being given 56 blows with 4.90kg hammer equally distributed and dropped from a height of 450 mm above the soil.

· The amount of soil used shall be sufficient to fill the mould, leaving not more than about 6mm to be struck off when the extension collar is removed.

· Remove the extension collar and carefully level the compacted soil to the top of the mould by means of straight edge.

· Remove the spacer disc by inverting the mould with compacted soil (m2).

· Place a filter between the base plate and the inverted mould.

· Replace the extension collar of the mould.

· Prepare two more specimens in the in the same procedure as described above.

· In both the cases of compaction, if the sample is to be soaked, take representative sample of the material at the beginning of compaction and another sample of remaining material after compaction for the determination of moisture content.

· Each sample shall weigh not less than 100g for fined grained soils and not less than 500 for granular soils.

· Place the adjustable stem and perforated plate on the compacted soil specimen in the mould.

· Place the weights to produces a surcharge equal to the weight of base material and pavement to the nearest 2.5kg on the perforated plate.

· Immerse the whole mould and weight in a tank of water allowing free access of water to the top and bottom of specimen for 96 hours.

Test for Swelling

· This test is optional and may be omitted if not necessary.

· Determination the initial height of specimen (h) in mm.

· Mount the expansion-measuring device along with the tripod on the edge of the mould and record the initial dial gauge reading (ds).

· Keep this set up as such undisturbed for 96 hours noting down the reading every day against the time of reading.

· Maintain a constant water level through out the period of soaking.

· Note the final reading of the dial gauge at the end of soaking period (dh).

Calculations for Swelling
Expansion Ratio =    df-ds*100




h

ds=Initial dial gauge reading in mm.

df=final dial gauge reading in mm.

h=initial height of specimen in mm.

Penetration Test

After 96 hours of soaking taken out the specimen from the water and remove the extension collar, perforated disc, surcharge weights and filter paper.

Drain off the excess water by placing the mould inclined for about 15 minutes and weigh the mould.

· Place the mould on the lower plate of the testing machine with top face exposed.

· To prevent upheaval of soil in to the whole of surcharge weights, place 2.5kg annular weights on the soil surface prior to seating the penetration plunger after which place the reminder of the surcharge weight.

· Set the plunger under a load of 4kg so that full contact is established between the surface of the specimen and the plunger.

· Set the stress and strain gauges to zero.

· Consider the initial load applied to the plunger as the zero load.

· Apply the load at the rate of 1.25 mm/ min as shown in Fig: 2.9.1.

· Take the readings of the load at penetration of0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4, 5, 7.5, 10 and 12.5.

· Raise the plunger and detach the mould from the loading equipment.

· Collect the sample of about 20 to 50gms of soil from the top 30mm layer of specimen and determine the water content in accordance with IS:2720 (Part 4) 1973.

Examine the specimen carefully after the test is completed for the presence of any over size soil particles which are likely to affect the result s if they happen to be located directly below the penetration plunger.

CALCULATION OF CBR FROM LOAD PENETRATION CURVE

Plot the load penetration curve in natural scale, load on Y-axis and penetration on X-axis as shown in Fig: 2.9.2.

If the curve is uniformly convex upwards although the initial portion of the curve may be concave upwards due to surface irregularities make correction by drawing a tangent to the upper curve at the point of contra flexure as shown in Fig: 2.9.2.

Fig: 2.9.2 Load vs. Penetration curve

Take the intersection point of the tangent and the X-axis as the origin.

Calculate the CBR values for penetration of 2.50mm and 5.00mm.

Corresponding to the value at which CBR is to be desired, take the corrected load values from the load penetration curve and calculate the CBR from the equation.

California bearing Ratio = PT*CF*100





PS

PT = Corrected unit test load corresponding to the chosen penetration from load penetration curve.

PS = Total standard load for the same depth of penetration, which can be taken from the Table :2.9.1.

CF = Proving ring correction factor.

Table: 2.9.1 Standard loads at specified penetrations

	Penetration depth (mm)
	Unit Standard load kgf/cm2
	Total Standard load (Kgf)

	2.50
	70
	1370

	5.00
	105
	2055

	7.50
	134
	2630

	10.00
	162
	3180

	12.50
	183
	3600


REPORT

Report the CBR value to the nearest second decimal.

Take the average of three test specimen as the CBR value of the test.

Generally, the CBR value at 2.50 mm penetration will be greater than that at 5.00mm penetration and in such case take the value at 2.50mm as the CBR value.

IF the CBR value corresponding to a penetration of 5.00mm exceeds that of 2.50mm, repeat the test.

If the identical results follow, take the value corresponding to 5.00mm as the CBR value.

PRECAUTIONS

Clean the holes of the base plate and that of perforated disc thoroughly.

Align the surcharge weight with the plunger so that the plunger penetrates freely in to the s.

2.10 DETERMINATION OF TOTAL SOLUBLE SULPHATES 

IN SOILS (VOLUMETRIC METHOD)

STANDARD

· IS: 2720 (Part 27)1977.

OBJECTIVE

· To determine the total soluble sulphates in soils.

APPARTUS

· Analysis balance of sensitivity 0.001 gram.

· Glass beakers 2nos of 150ml capacity.

· Glass funnel of 6cm diameter.

· Measuring flasks one of 100ml and two of500ml capacity.

· Burette 2 nos of 25ml with 1/20ml graduation.

· Conical flasks 6nos of 150ml capacity.

· Pipette 10ml.

· Filter paper.

· Heating equipment.

· Thermostatically controlled oven of capacity up to 250oC.
Reagents

· Barium Chloride solution (N/4) –dissolve 30.54gms of barium chloride in one liter of distilled water.

· Potassium Chromate (N/4) Dissolve 24.275 of potassium chromate in a small amount of distilled water and add a few drops of silver Nitrate solution to remove any chloride, filter and dilute to 250ml.

· Silver Nitrate Indicator solution (0.5%) –Dissolve 500mg of silver nitrate in100ml of distilled water.

· Dilute solution of Hydrochloric acid (Specific Gravity 0.888).

· Mix Ammonium Hydroxide and distilled water in the ratio of 1:2 (One part of Ammonia and two parts of distilled water).

· Concentrated Hydrochloric acid (Specific Gravity 1.11).

PROCEDURE

· Take exactly 10grams of oven dried soil sample well pulverized in a mortar with rubber-covered pestle or in a mechanical device.
· Transfer the soil sample in to the beaker and add 50ml of water.

· Stir well, allow to decant, filter, wash on a filter paper with small quantity of water and make the filtrate to100ml.

· Pipette out 10ml of water extract in to a conical flask.

· Make it slightly acidic by adding concentrated Hydrochloric acid and heat to boiling.

· While boiling add Barium Chloride solution (N/4) from the burette till the precipitation is complete and Barium Chloride solution is in light excess.

· Neutralize the solution with ammonium hydroxide and titrate the excess of Barium Chloride against Potassium Chromate solution (N/4).

· If considered necessary the end point can be further conformed by using silver Nitrate solution as an external indicator.

· A brick red colour is obtained when a drop of Silver Nitrate is added to a drop of the chromate solution.

CALCULATION

· Sulphates as Sodium Sulphates in soil, percent by mass = 0.0177*100 (X-Y).

· X = Volume of N/4 barium chloride added.

· Y = Volume of N/4 Potassium Chromate solution used in back titration.

· X-Y = N/4 barium chloride actually used for perceptibly Sulphates.

REPORT

· Report the result obtained as the percentage of total soluble sulphates in the soil.

PRECAUTIONS

· Pure chemicals and distilled water shall only be used in the test.

· Pure chemicals shall mean chemicals that do not contain impurities 
2.11 DETERMINATION OF DRY DENSITY OF SOILS

IN PLACE (SAND REPLACEMENT METHOD)

STANDARD

· IS: 2720 (Part 28) 1974

OBJECTIVE

· To determine the in place dry density of natural or compacted fine and medium grained soils by sand replacement method.

APPARTUS

· Small sand pouring cylinder for depth up to 150mm.

· Large and pouring cylinder for depth more than 150mm and not exceeding 250mm.

· Tools for excavating holes such as scraper tool for leveling the surface, bent spoon or dibber for digging holes.

· Cylindrical calibrating container with material diameter of 100mm and an internal depth of 150mm.

· Balance of capacity 15kg and sensitivity 1gram.

· A glass plate or other plane surface about 600mm square and 10mm thick or larger.

· Metal containers.

· Metal tray 300mm square and 40mm deep with a 100mm hole in the center.

· 1mm and 600microns IS sieve.

· Clean, uniformly graded natural sand passing 1mm sieve and retained on 600microns sieve.

PROCEDURE

Calibration of sand Pouring Cylinder.

· Clean and dry, sand passing 1mm sieve and retained on 600microns sieve approximately 5 to 6 kg for small pouring cylinder.

· Remove the cap of the pouring cylinder.

· Weigh the empty pouring cylinder (W).

· Close the shutter of the cone.

· Fill the sand in to the pouring cylinder about 10mm below from the top.

· Determine the net weight of sand in the cylinder (W1).

· Now place the pouring cylinder on a clean plane surface, open the shutter and allow the sand to flow into the cone.

· Close the shutter when the flow stops.
· Carefully collect and weigh (W2) the sand discharged from the pouring cylinder.

· Refill the pouring cylinder with sand such that the initial weight is W1.

· Place the cylinder on the top of the calibration cylinder concentrically.

· Open the shutter and allow the sand to flow in to the calibrating cylinder.

· Close the shutter when the flow stops or no further movement of sand takes place in the cylinder.

· Determine the weight (W3) of the pouring cylinder.

· Repeat the above procedure fro at least three times and determine the mean value of W2 and W3.

· Determine the volume (V) of the calibrating cylinder either by measuring the dimensions (Diameter and height) or by filling with water until the brim.

CALCULATION

· Weight of sand (Ws) in the calibration container up to level top.

Ws=W1 - W3 - W2 grams

Volume of calibrating container = V cc

 Ws gm / cc

Bulk density of sand (γs) = -------------------




            V
2.12 DETERMINATION OF FREE SWELL INDEX OF SOILS

STANDARD

· IS2720 (Part 40) 1977

DEFINATION

· Free Swell Index is the increase in volume of a soil, without any external constraints, on submergence in water.

APPARATUS

· 425 micron IS sieve.

· Graduated glass cylinders 100ml capacity 2Nos (IS: 878 – 1956).

· Glass rod for stirring.

· Balance of capacity 500 grams and sensitivity 0.01 gram.

PROCEDURE

· Take two representative oven dried soil samples each of 10 grams passing through 425 micron sieve.

· Pour each soil sample in to each of the two glass graduated cylinders of 100ml capacity

· Fill one cylinder with kerosene and the other with the distilled water up to the 100ml mark.

· Remove the entrapped air in the cylinder by gentle shaking and stirring with a glass rod.

Fig: 2.12.1 Sample kept for free swell index
· Allow the samples to settle in both the cylinders.

· Sufficient time, not less than 24 hours shall be allowed for soil sample to attain equilibrium state of volume without any further change in the volume of the soils.

· Record the final volume of the soils in each of the cylinders.

CALCULATIONS


        


                     Vd – Vk 

Free Swell Index, (%) 
 = ----------------   x   100





                         Vk
Vd = Volume of the soil specimen read from the graduated cylinder containing distilled water.

Vk = Volume of the soil specimen read from the graduated cylinder containing kerosene.

REPORT
· Read the level of the soil in the kerosene graduated cylinder as the original volume of the soil samples, kerosene being non polar liquid does not cause swelling of the soil.

· Read the level of the soil in the distilled water cylinders as free swell level.

· Record the individual and the mean results to the nearest second decimal.

PRECAUTION

· In the case of highly expansive soils such as Sodium Betonies. The sample size may be 5 grams or alternatively a cylinder of 250ml capacity for 10 grams of sample may be used.

3. TESTS ON AGGREGATES

3.1 DETRMINATION OF INDICES 

(FLAKINESS AND ELONGATION)

STANDARD
· IS: 2386 (Part 1) 1963.

DEFINATION

· The Flakiness Index of aggregates is the percentage by weight of particles whose least dimension (thickness) is less than 0.6 times their mean dimension.
· The Elongation Index of aggregates is the percentage by weight of particles whose greatest dimension (length) is greater than 1.8 times their mean dimension.
APPARTUS

· Standard thickness gauge.

· Standard length gauge.

· IS sieves 63mm, 50mm, 40mm, 25mm, 16mm, 12.50mm, 10mm and 6.30mm.

· Balance of capacity 15kg and sensitivity 1gram.

· Thermostatically oven controlled with capacity up to 250 0C

PROCEDURE

· Take representative sample of aggregates from the stockpile.

· Dry the whole sample in the oven to a constant weight at a temperature of 105 to 110 0C and cool in room temperature.

· Sieve the whole sample through the sieves mentioned in the columns (1) and (2) of the Table: 3.1.1.

Fig: 3.1.1 Testing of aggregates for FI & EI

FLAKINESS INDEX
· Take minimum of 200 pieces from each fraction and weigh (A).

· Separate flaky material from each fraction by gauging through the standard thickness gauge.

· Weigh the flaky material passing through the specified gauge from each fraction c1+ c2+ c3+ c4+ c5+……………. = C.
CALCULATIONS

· Flakiness index, % = (C / A) X 100.
ELONGATION INDEX

· Take minimum of 200 pieces from each fraction and weigh (F).

· Separate the elongated material from each fraction by gauging through the standard length gauge.

· Weigh the elongated material passing through the specified gauge from each fraction e1+ e2+ e3+ e4+ e5+………………. = E.

CALCULATIONS

· Elongation Index, (%) = (E/F) x 100.

	Passing through              IS sieve, mm
	Retained on                 IS sieve, mm
	Thickness gauge              (0.6 times mean sieve) mm
	Length gauge                        (1.8 times mean sieve)                               mm

	1
	2
	3
	4

	63.00

50.00

40.00

25.00

20.00

16.00

12.50

10.00
	50.00

40.00

25.00

20.00

16.00

12.50

10.00

6.30
	33.90

27.00

19.50

13.50

10.80

8.55

6.75

4.89
	-

81.50

58.50

40.50

32.40

25.60

20.20

14.70




     Table: 3.1.1
REPORT

· Report the result obtained to the nearest second decimal.
COMBINED FLAKINESS AND ELONGATION INDEX (Required as per MOST)

· Take minimum of 200 pieces from each fraction and weigh (A).

· Separate flaky material from each fraction by gauging through the standard thickness gauge.

· Weigh the material retained and passed through the specified gauge from each fraction b1+ b2+ b3+ b4+ b5+………… = B and c1+ c2+ c3+ c4+ c5+……………. = C respectively.
· Take the material retained on the thickness gauge (Non flaky material) and separate the elongated material from each fraction by gauging through the standard length gauge.

· Weigh the material retained on the length gauge from each fraction d1+ d1+ d1+ d1+ d1+…. = D.

CALCULATIONS

· Flakiness index (FI), %       = (C / A) x 100

· Elongation index (EI), %     = (D / B) x 100
· Combined flakiness and Elongation Index = FI + EI.

REPORT

· Report the result obtained to the nearest second decimal.

PRECAUTIONS

· Take care while taking sample.

· Do not collect selected pieces.

· Collect pieces by only random sampling.

3.2
DETERMINATION OF BULK DENSITY AND VOIDS

STANDARD

· IS : 2386 (PART 3) 1963

OBJECTIVE
· To determine the unit weight or bulk density and voids of aggregate.
APPARATUS
· Balance sensitivity to 0.05 grams.

· Cylindrical container should be water tight, non- corrosive, provided with handles as shown in Fig: 3.2.1 and shall comply to the following requirements given in Table:3.2.1.

Fig: 3.2.1 Bulk density containers

· Steel tamping rod of 16mm diameter and 600mm long rounded at one end.

Table: 3.2.1 Size of containers for bulk density

	Size of largest particle in mm
	Nominal capacity (liters)
	Inside diameter cms
	Inside height cms
	Thickness of metal in mm

	Under 4.75
	3
	15
	17
	3.15

	Over 4.75 to 40
	15
	25
	30
	4.00

	Over 40
	30
	35
	31
	5.00


PROCEDURE
· Take representative sample of aggregate as required for the test according to maximum size of aggregate and the container required from Table: 3.2.1.

· Determine the empty weight (M1) and the volume (V) of the cylinder at 270C.
Compacted Weight

· Fill the container in three equal layers, each layer being subjected to 25 strokes with the rounded end of the tamping rod.

· Struck off the surplus aggregate using the tamping rod as a straight edge and weight (M2).

Loose Weight

· Over flow the container by pouring the material from a height of not exceeding 5cms above the top of the cylinder.

· Struck off the surplus aggregate using the tamping rod as a straight edge and weight (M3).

CALCULATIONS

         M2 – M1      

· Bulk density (Compacted), γ c = -----------------------------        Kg / lit or grams / cc.

                                                                     V

M3 – M1  

· Bulk density (Loose), γ c   = --------------------- Kg / Lit or grams / cc

                                                              V 

Gs – y

Voids = ---------------- x 100

                       Gs

Gs = Specified Gravity of aggregate.

Y = Bulk density of aggregate.

REPORT

· Report the bulk density in Kg / lit or grams / cc to the nearest second decimal.

· Report the voids as a percentage to the nearest second decimal.

3.3      DETERMINATION OF PERCENTAGE BULKING OF SAND

STANDARD

· IS:2386 (Part 3) 1963

OBJECTIVE

· To determine the percentage bulking of sand.

APPARTUS

· Containers 2 nos.

· Steel scale.

PROCEDURE

· Place sufficient quantity of sand loosely in to a container until it is about two third full.

· Level the top of the sand and measure the height (h) of sand in the center with a steel scale.

· Empty the sand out of the container in to another container with out any loss.

· Fill the empty container half with the water.

· Put back about half of the sand in to the water and prod it with a steel rod about 6mm in diameter so that its volume is reduced to a minimum.

· Add the reminder of the sand prod it in the same way as described above.

· Smooth and level the top surface of inundated sand and measure its depth (h1) at the center.

CALCULATION

· Calculate the percentage bulking of sand from the equitation given below

                                                 h         

 Percentage of bulking =      ------ -1       X   100

                                                 h1

REPORT
· Report the percentage bulking of sand to the nearest second decimal.

3.3.1 DETERMINATION OF SPECIFIC GRAVITY 

OF AGGREGATES (LESS THAN 10MM)

STANDARD 

· IS 2386 (Part 3)1963

· Definition 

· Specific gravity s the ratio of the mass of a given volume of the substance to the mass of an equal volume of water.

APPARTUS

· Standard Pycnometer of on e liter capacity 

· Balance of capacity 5kg and sensitivity 0.5gram.

· Thermostatically controlled oven with capacity up to 250 0C.

PROCEDUCE

· Take representative sample of aggregates approximately about 1000 grams passing 10mm IS Sieve and retained on 4.75mm or 500 grams if finer than 4.75mm place in tray and immerse in distilled water at a temperature of 22 to 32 0 C.

· Soon after immersion, remove entrapped air in bubbles on the surface of the aggregate by gentle agitation with a rod.

· Allow the sample to remain immersed in water for 24 ± ½ hour.

· After the specified period of soaking drain off water from the sample by decantation through  filter paper, any material retained being retuned to the sample.

· Expose the aggregate including any matter retained on the filter paper to a gentle current of warm air to avoid surface moisture and stir at frequent intervals to ensure uniform drying until no free surface moisture can be seen and the material just attains a free running condition.

Fig: 3.4.1 Pycnometer filled with aggregates and distilled water

· Weigh (A) the saturated surface dry sample.

· Place the aggregates in the Pycnometer and fill with distilled water as shown in Fig: 3.4.1.

· Remove any entrapped air by rotating the Pycnometer on its side by covering the hole in the apex of the cone with the finger.

· Remove any foam from the surface by tipping up with distilled water so that the surface of the water in the hole is flat.

· Dry the Pycnometer out side and weigh (B).

· Empty the contents of the Pycnometer in to a tray care being taken to ensure that all the aggregate is transferred.

· Refill the Pycnometer with distilled water to the same level as before, dry on the out side and weigh (C) as shown Fig: 3.4.2.

Fig: 3.4.2 Pycnometer filled with distilled water.

· Carefully drain off the water from the sample by decantation through a filter paper.

· Surface dry the sample by exposing to the atmosphere away from direct sunlight or any other source of heat for not less than 10 minutes or until it appears to be completely surface dry.

· Keep the sample in the oven in a tray maintained at a temperature of 105 0 to 110 0C for 24 ± ½ hour.

· After the specified period remove the material from the oven cool in the airtight container and weigh (D).

· Make at least two determinations for each test.

CALCULATIONS







        D

· Specific gravity on oven dry basis   =     -----------------







 A – (B – C)

        A

· Specific gravity on SSD basis          =     -----------------






             A – (B – C)

        D

· Apparent Specific gravity                =      -----------------






              D – (B – C)

     (A – D)

· Water absorption                            =        ----------------- x 100






              
D 

A = Weight of saturated surface dry sample.

B = Weight of Pycnometer filled sample and filled with distilled water.

C = Weight of Pycnometer filled with distilled water.

D = Weight of oven dried sample.

PRECAUTION 
· The difference in temperature of the water in the Pycnometer during the first and second weighing shall not exceed 2 0C.

3.4 DETERMINATION OF SPECIFIC GRAVITY 

OF AGGREGATES (ABOVE 10MM)
STANDARD
· IS 2386 (Part 3) 1963.

DEFINITION
· Specific gravity is defined as the ratio of the mass of a given volume of the substance to the mass of an equal volume of water.

APPARATUS

· Balance of capacity 10 kg’s, sensitivity to 0.5gram and of such a type and shape as to permit the basket containing the sample to be suspended from the beam and weighed in water.

· Oven thermostatically controlled with capacity up to 2500C.

· Wire basket of not more than 6.3mm mesh or a perforated container of convenient size preferably chromium plated and polished, with wire hangers thickness not less tan 1mm.

· A stout watertight container in which the basket may be freely suspended.

· Two dry soft absorbent clothes each not less than 650 cm2.

PROCEDURE

· Take representative sample of aggregates not less than 2 kilograms.

· Wash the sample thoroughly to remove finer particles and dust.

· Remove the water and place the aggregates in the wire basket and immersed in distilled water at a temperature of 220 to 320C with a cover of at least 5cms of water above the top of the basket.

· Immediately after immersion, remove the entrapped air from the sample by lifting the wire basket 25mm above the base of the tank and allowing to drop 25 times at a rate of about one drop per second.

· Allow the basket and aggregates completely immersed during the operation and for a period of 24 ± ½ hours.

· After the completion of the specified period of time remove the basket with the sample jolt 25 times and weigh (A1) in water at temperature of 22 to 320C as shown in Fig: 3.5.1.

· Remove the basket and the aggregates from the water and allow to drain for a few minutes, after which gently empty the aggregate from the basket.

· Retain the empty basket to the water, jolt 25 times and weigh (A2) in water.

· Surfaces dry the aggregates with the cloth, transferring it to the second dry cloth.

· Spread the sample not more than one stone deep on the cloth, and least exposed to the atmosphere away from direct sunlight or any other source of heat for not less than 10 minutes or until it appears to be completely surface dry.

· Weigh the aggregates (B) and keep in the oven maintained at a temperature of 1050 to 1100C for a period of 24 ± ½ hours.

· After the specified period of time remove the aggregates from the oven cool in an airtight container and weigh ( C ).

· Make at least two determinations for each test.

Fig: Specific gravity of aggregates by wire basket method

CALCULATIONS

             C

· Specific Gravity on oven dry basis = ----------------

         (B - A)

   C

· Specific Gravity on oven dry basis = ----------------

          (C - A)

  C

· Specific Gravity on SSD basis        = ----------------

           (B - A)

 (B – C)

· Water Absorption                            = ----------------      x   100

                ( C )

A = Weight of surface saturated aggregate in water (A1 – A2).

B = Weight of surface saturated aggregate in air.

C = Weight of oven dried aggregate.
REPORT

· Report the individual and the mean results to the nearest second decimal.

3.6
DETERMINATION OF AGGREGATE IMPACT VALUE

STANDARD

· IS: 2386 (Part 4) 1963.

DEFINITION

· Aggregate Impact value is the ration between the weights of the fines passing 2.36mm IS sieve and the total sample.

APPARATUS

· Standard Impact Testing machine.

· Cylindrical steel cup 6.3mm thick and having internal diameter of 102mm and depth of 50mm.

· A straight metal tamping rod of circular cross section 10mm diameter and 230mm long, rounded at one end.

· 12.5mm, 10mm and 2.36mm IS sieves.

· Balance of capacity 500gms and sensitivity 0.1 gram.

· Thermostatically controlled oven with capacity up to 250 0C.

PROCEDURE

· Take representative sample of aggregates passing 12.5mm IS sieve and retained on 10mm IS sieve.

· Keep the sample in the oven for a period of four hours till the time the weight becomes constant at a temperature of 1050 to 1100C and cool to room temperature.

· Fill the cup in three equal layers, each layer being subjected to 25 strokes with the rounded end of the tamping rod.

· Struck off the surplus aggregates using tamping rod as a straight edge.

· Determine the net weight (A) of the aggregate in the cup.

· Now transfer the material in to the cup of Impact machine, which is fixed firmly in position.

· Compact the material in the cup by a single tamping of 25 strokes with the tamping rod.

· Subject the test sample to a total of 15 blows by the hammer (weighing 13.50 Kg to 14 Kg) of the Impact machine each being delivered at an interval of not less than one second and from a height of 380 ± 5 mm above the upper face of the aggregate as shown in Fig: 3.6.1.

· Remove the crushed aggregates from the cup and sieve the whole sample on the 2.36mm IS sieve till no further significant amount passes through the sieve in one minute and weigh (B) as 

· Weigh the material that has passed through the sieve (C).

· If the total weight (B+C) is less than the original weight (A) by more than one gram, discard the result and conduct a fresh test.

CALCULATIONS






     C

· Aggregate Impact Value, (%) = ------------- x 100

       A

A = Original weight of the oven dried sample.

C = Weight of the material passing through IS sieve 2.36mm.

REPORT

· Report the individual and the mean results to te nearest second decimal.

PRECAUTION

· Care shall be taken that the Impact machine shall rest out wedging or packing upon the level plate, block or floor, so that it is rigid and the hammer guide collars are vertical.

3.7
DETERMINATION OF SOUNDNESS OF AGGREGATES

STANDARD

· IS: 2386 (Part 5) 1963.

OBJECTIVE

· To determine the soundness of aggregates.

APPARATUS
· Sieves of size 80mm, 63mm, 50mm, 40mm, 31.50mm, 25mm, 20mm, 16mm, 12.50mm, 10mm, 8mm, 4.75mm, 4mm, 2.36mm, 1.18mm, 600microns, 300microns and 150microns with square openings conforming to IS: 460 – 1962.

· Containers for immersing the samples shall be perforated so as to permit free access of the solution from the sample and drainage of the solution from the sample with out loss of aggregate.

· Arrangements shall also be available to ensure that the volume of the solution in which samples are to be immersed shall be at least five times the volume of the sample immersed at any one time.

· Balance of capacity 500gm sensitivity to 0.01gm

· Balance of capacity 10kg sensitivity to 1gm.

· Thermostatically controlled oven capable of being maintained at 1050  to 1100C.

· The rate of evaporation, at this range of temperature shall be at least 25gm/hour for four hours during which period the doors of the oven kept closed.

Reagents

Sodium Sulphate Solution
· Prepare saturated solution of sodium sulphate technical grade, confirming to IS: 255 – 1950 or an equivalent grade of the salt of either the anhydrous (Na2 SO4) or the crystalline (Na2 SO4 10 H2O) from in water at temperature of 25 to 30 0C.

· For making of the solution, 420gms of anhydrous salt or 1300gms of decahydrate salt per liter of water are sufficient for saturation at 280C.

· The mixer shall be thoroughly stirred during the addition of salt and the solution shall be stirred at frequent intervals until used.

· The solution shall be cooled to a temperature of 27 ± 20C and maintained at that temperature for at least 48 hours before use.

· Salt cakes if any shall be broken and specific gravity of the solution shall be determined.

· When used, the solution shall have specific gravity of 1.151 to 1.174.

· Discoloured solution shall be discarded, or filtered and checked again for specific gravity.

Magnesium Sulphate Solution

· Prepare saturated solution of magnesium sulphate technical grade, conforming to IS: 257 – 1950 or an equivalent grade of the salt of either the anhydrous (Mg SO4) or the crystalline (Mg SO4 7 H2O) (Epsom salt) form in water at a temperature of 25 to 30 0C.

· For making of the solution, 400gms of anhydrous salt or 1400gms of heptahydrate salt per liter of water are sufficient for saturation at 280C.

· The mixer shall be thoroughly stirred during the addition of salt and the solution shall be stirred at frequent intervals until used.

· The solution shall be cooled to a temperature of 27 ± 10C and maintained at that temperature for at least 48 hours before use.

· Salt cakes if any shall be broken and specific gravity of the solution shall be determined.

· When used, the solution shall have specific gravity of 1.295 to 1.308.

· Discoloured solution shall be discarded, or filtered and checked again for specific gravity.

Fine Aggregates
· Aggregates passing 4.75mm IS Sieve shall be considered as fine aggregates.

· Sample shall be of such size that it will yield not less than 100gms of each of the sizes shown in Table: 3.7.1.

Table: 3.7.1

	Passing IS sieve
	Retained on IS sieve

	600microns
	300microns

	1.18mm
	600microns

	2.36mm
	1.18mm

	4.75mm
	2.36mm


Coarse Aggregates
· Aggregates of size more than 4.75mm shall be considered as coarse aggregates.

· Sample shall be of such size that it will yield not less than following amounts of different sizes, mentioned in Table: 3.7.2 which shall be available in amounts of 5%or more.

All in Aggregates

· Separate all in aggregates in to two major fractions such as smaller than 4.75 and coarser than 4.75.

· The former shall be dealt as fine aggregates and te latter as coarse aggregates.

Preparation of Test Sample

Fine Aggregates
· Thoroughly, wash fine aggregates on 300micron IS sieve and dry to constant weight at 105 to 1100C and separate in to different sizes through the sieves mention in Table: 3.7.1.

Coarse Aggregates
· Thoroughly, wash and dry aggregates to a constant weight in an oven at a temperature of 105 to 110 0C.

· Separate in to desired fraction by sieving through the sieves mention in Table: 3.7.2.

· Weigh the required size of fraction and place in to separate containers.

·  In the case of fraction coarser than 20mm the number of particles shall also be counted.

Table: 3.7.2
	10mm to 4.75mm
	300gms

	20mm to 10mm

12.5 to 10mm

20 to 12.5mm
	1000gms

33%

67%

	40mm to 20mm

25mm to 20mm

40 to 25mm
	1500gms

33%

67%

	63mm to 40mm

50mm to 40mm

63 to 50
	3000gms 

50%

50%

	80mm and larger sizes by 20mm spread in sieve size, each fraction
	3000gms


PROCEDURE
Storage of Sample in Solution
· Immerse the samples in the prepared solution of sodium sulphate for not less than 16 hours nor more than 18 hours in such a manner that the solution covers the sample to a depth of at least 15mm.

· Cover the containers to reduce the evaporation and to prevent accidental condition of extraneous substances.

· The temperature in the solution shall be maintained with in 27 ± 10C through out the immersion period.

· After the immersion period remove the aggregates from the solution and permit to drain for 15 ± 5 minutes and place in the oven at a temperature of 105 to 110 0C until it attains a constant weight.

· During this period remove the aggregates from the oven cool to room temperature and weigh at interval not less than 4 hours or more than 18 hours.

· Constant weight may considered to have been achieved when two successive weights for any one sample shall not differ by more than 0.1gram for fine aggregate and one gram for coarse aggregates.

· After the constant weight has been achieved remove the aggregate from the oven and cool to the room temperature.

· Again immerse the aggregates in solution for next cycle and repeat the same procedure as described above.

· The number of cycles to be conducted shall be as per specifications.

· After the completion of the final cycle cool the sample and wash the sample free from sulphate.

· This may be determined when there is no more reaction of the washed water with barium chloride. (When there is no white precipitation when barium chloride is added to wash water, it can be said that there is no sulphate with washed water).

· Dry each faction of sample in an oven at a temperature of 105 to 110 0C to constant weight and weigh.

· Sieve the fine aggregates over the same sieve on which it was retained before the test.

· Sieve the coarse aggregates over the sieves of sizes shown in Table: 3.7.3 for appropriate size of particle.

Table: 3.7.3
	Size of aggregates
	Sieve Size used to determine loss

	63 to 40mm
	31.50mm

	40 to 20mm
	16mm

	20 to 10mm
	8mm

	10 to 4.75mm
	4mm


· Examine visually each size of aggregates to see if there is any evidence of excessive splitting, crumbling or disintegration of the grains.

· Conduct a combined sieve analysis of all the material subject to the above test to note the variation from the original grain size analysis of the sample.

REPORT
· Report the following particulars in the test result

i. 
Type of solution used.

ii. 
Weight of each fraction of sample before test.

iii 
Material from each fraction of the sample finer than the sieve on which the fraction was 

retained before test, expressed as percentage by weight of fraction.

3.8 DETERMINATION OF AGGREGATE IMPACT VALUE 

OF SOFT COARSE AGGREGATES

STANDARD

· IS: 5640 – 1970.

DEFINITION
· Aggregate Impact Value is the ratio between the weights of the fines passing 2.36mm IS sieve and the total sample.

APPARATUS
· Standard Impact Testing Machine

· Cylindrical steel cup 6.3mm thick and having internal diameter of 102mm and depth of 50mm.

· A straight metal tamping rod of circular cross section 10mm diameter and 230mm long, rounded at one end.

· IS sieves of sizes 12.5mm, 10mm and 2.36mm.

· Balance of capacity 500grams and sensitivity 0.1grams.

· Thermostatically controlled oven with capacity up to 2500C.

PROCEDURE
· Take representative sample of aggregates passing 12.5mm IS sieve and retained on 10mm IS sieve.

· Dry the whole sample in the oven for the period for four hours or till the time the weight of aggregates become constant at at temperature of 105 to 1100C and cool to room temperature.

· Fill the cup in three equal layers, each layer been subjected to 25 strokes of the rounded end of the tamping rod.

· Struck off the surplus aggregates using tamping rod as a straight edge.

· Determine the net weight of the aggregates in the cup (A).

· Soak the oven-dried sample in water for three days.

· After the specified period remove the material from the water and surface dry with a suitable cloth.

· Immediately transfer the material in to the cup of Impact machine, which is fixed firmly in a position.

· Compact the material in the cup by a single tamping of 25 strokes with the rounded end of the tamping rod.

· Subject the test sample to a total of blows by the hammer of the Impact machine each being delivered at an interval of not less than one second and from a height of 380 ± 5mm above the upper face of the aggregates.

· Remove the crushed aggregates from the cup and sieve the whole material on the 2.36mm IS sieve and wash with water till no further significant amount passes through the sieve in one minute.

· Dry the fraction retained on the sieve in the oven to the constant weight at 105 to 110 0C, cool in the airtight container and weigh (B).

· Weigh the material that has passed through the sieve ( C ).

· If the total weight (B+C) is less than the original weight (A) by more than one gram, discard the result and conduct a fresh test.

CALCULATIONS
C

Aggregate impact value, (%) = --------------- x 100

A

A = Original weight of the oven dried sample

C = Weight of the material passing through 2.36mm IS sieve 

REPORT
· Report the individual and the mean results to the nearest second decimal

PRECAUTIONS
· Care shall be taken that the Impact machine shall rest without wedging or packing upon the level plate or floor, so that it is rigid and the hammer guide collars are vertical.
3.9 DETERMINATION OF TEN PERCENT FINES VALUE
STANDARD
· BS: 812 (Part 3) 1990.

DEFINITION

· Ten percent fines value is defined as the load taken by the soaked sample at ten percent of fines.

APPARATUS
· Standard Compression Testing Machine.

· A cylindrical metal measure having an internal diameter of 57 ± 1 mm and an internal depth of 90 ± 1 mm as shown in Fig: 3.9.1.

· Steel cylinder open ended with plunger and base plate with a nominal internal diameter of 75mm as shown in Fig: 3.9.1.

Fig: Apparatus for determining ten percent fines value

· Straight steel rod of circular cross section 8mm diameter and 300mm long, one end shall be rounded.

· Balance of capacity 15 Kg and sensitivity 1 gram.

· 14mm, 10mm and 2.36mm IS test sieves.

· Thermostatically controlled oven the capacity up to 2500C.

PROCEDURE
· Take approximately 15kg of sample passing through 14mm and retained on 10mm sieves.

· Place the test specimen in the wire basket and immerse it in the water with a cover of at least 50mm of water above the top of basket.

· Immediately after immersion remove the entrapped air from the sample by lifting the basket 25mm above the base of container and allowing it to drop 25 times at the rate of one drop per second.

· Keep the basket and aggregates completely immersed in water for a subsequent period of 24 ± 2 hours and the temperature of water maintained at 20 ± 50C.

· Remove the specimen of aggregates from the basket after the specified period of soaking and blot the free water from the surface of the material with the absorbent cloths

· Immediately place the test specimen in to the cylinder in three layers each layer being subjected to 25 blows from the tamping rod distributed evenly over the surface of the layer and dropped from a height of 50mm above the surface of aggregates.

· Carefully level the surface of aggregates and insert the plunger so that it rests horizontally on the surface.

· Place the apparatus with the test specimen and plunger in position between the platens of the testing machine.

· Apply load at uniform rate to cause a total penetration of the plunger in 10min ± 30seconds and record the maximum load applied to produce the required penetration.

· Replace the load and remove the crushed material by holding the cylinder over a clean tray.

· Dry it in the oven at a temperature of 105 ± 50C either to constant mass or for period of 24 ± ½ hours.

· After specified period of time remove the aggregates from the oven and allow the material to cool, weigh and record the mass of the aggregates (m1).

· Sieve the whole of the specimen in the tray on the 2.36mm sieve until no further significant amount passes during a further period of 1min.

· Weigh and record the masses of the fraction passing (m2) and retained (m3) on the sieve to the nearest gram.

· The total mass (m2 + m3) should not differ from the initial mass (m1) by more than 10 grams other wise discard the test and start a fresh test.

· Repeat the complete test procedure for another three or more sample with the same of the aggregates at different loads that gives a percentage fines value within the range of 7.50% to 12.50%.

CALCULATION

 




        m2

· Percentage of material passing, P = ----------  x 100

        m1
REPORT

· Plot the graph representing load on Y – axis and percentage of fines on X- axis.

· Draw an average line through the plotted points.

· Record the load at ten percent fines from the graph.
PRECAUTION

· Care shall be taken to ensure that the plunger does not jam in cylinder while applying load.

3.10 DETERMINATION OF STRIPPING VALUE

OF AGGREGATES
STANDARD

· IS: 6241 – 1971.
DEFINITION

· The stripping value of aggregates is determined as the ratio of the uncovered area observed visually to the total area of aggregates, expressed as a percentage.
APPAATUS

· Heat resistant glass beaker of 500ml capacity.

· 20mm and 12.5mm IS sieves.

· Mixer

· Balance of capacity10Kg and sensitivity 1 gram.

· Water bath preferably with a thermostat.

PROCEDURE

· Take 200 grams of dry and clean aggregates passing 20mm and retained on 12.5mm sieves and heat up to 1500C.

· Take five percent by weight of bitumen binder and heat up to 1600C.

· Mix the aggregates and the binder till they are completely coated and transfer the mixture in to a 500ml beaker and allow to cool at room temperature for about 2 hours.

· Add distilled water to immerse the coated aggregates.

· Cover the beaker and keep in a water bath maintained at 40 0C taking care that the level of water in the water bath is at least half the height of the beaker.

Fig: 3.10.1 Bitumen coated aggregates


Fig: 3.10.2 Aggregates kept out side for 

· After 24 hours take the beaker out, cool at room temperature and estimate the extent of stripping visually while the specimen is still under the water.

REPORT
· Express the stripping value as the ratio of the uncovered area observed visually to the total area of aggregates in each test.

· Report the mean of three results as stripping value of the tested aggregates to the nearest whole number.

PRECAUTION
· Care shall be taken while mixing aggregates with bitumen.

4. TEST ON CEMENT
4.1 DETERMINATION OF SPECIFIC GRAVITY
STANDARD

· IS 4031 – 1988.
DEFINITION

· Specific Gravity is defined as the ratio of the mass of the cement to the mass of an equal volume of kerosene.
APPARATUS

· Standard Lee Chatlier flask 250ml capacity as shown in Figure: 4.1.

Fig: 4.1 Standard Lee Chatlier flask

· Balance of capacity 500gm and sensitivity to 0.01grams.
PROCEDURE

· Clean and dry the Lee Chatlier flask.

· Fill the flask with kerosene exactly up to the zero graduation.

· Take approximately about 70 grams of cement and pour it in to the flask.

· Shake well until no air bubbles are visible in the flask.

· Allow the cement in the flask to settle down completely, preferably 24 hours.

· Note the volume of kerosene read from the flask.

· Make at least two determinations for each test.

CALCULATIONS

Weight of cement
· Specific Gravity = -----------------------------------------------------------

          Volume of kerosene read from the flask

REPORT
· Report the individual and the mean results to the nearest second decimal.
PRECAUTION

· Care shall be taken to avoid loss while pouring the cement in to the flask.

4.2
DETERMINATION OF FINENESS BY DRY SIEVING
STANDARD
· IS: 4031 (Part 1) 1996.

OBJECTIVE
· To determine the Fineness of cement by dry sieving.

APPARATUS
· 90 microns IS sieve.

· Balance of capacity 500grams and sensitivity 0.01 gram.

· Nylon brush or pure bristle, preferably with 25 to 40mm bristle, for cleaning the sieve.

PROCEDURE
· Take representative sample of 10 grams (R1) of cement from the specified lot.

· Agitate the sample of cement to be tested by shaking for 2 minutes in a stoppered jar to disperse agglomerates wait 2 minutes and stir the resulting powder gently using a clean dry rod in order to distribute the fines throughout the cement.

· Fit the lid over the sieve, agitate the sieve by swirling, planetary and linear movement until no more fine material passes through it.

· Remove and weigh the residue (R2).

· Express its mass as a percentage of the total quantity.

· Gently brush all the fine material of the base of sieve in to the tray.

· Make at least two determinations for each test.

Fig: 4.2.1 90microns IS sieve with lid and receiver

4.3
DETERMINATION OF SOUNDNESS 

(LE – CHATLIER METHOD)

STANDARD
· IS 4031 (Part 3) 1988.

OBJECTIVE
· To determine the soundness of cement.

APPARATUS
· The apparatus for conducting Le – Chatter test shall confirm to IS: 5514 – 1969.

· Balance of capacity 500 grams and sensitivity 0.01gms.

· Water bath capable of raising the temperature from 27 ± 20C to boiling point in 27 ± 3 minutes.

PROCEDURE
· Take representative sample of cement and mix with 0.78 times the water required to give a paste of standard consistency as per IS: 4031 (Part 4) 1988.

· Place a lightly oiled mould on a lightly oiled glass and fill it with this cement paste.

· Prepare the paste in a manner and under the conditions all as per IS: 4031 (Part 4) 1988.

· Keep the edges of the mould gently together during this operation.

· Cover the mould with another piece of lightly oiled glass sheet and place a small weight.

· Immediately submerge the whole assembly in water bath maintained at a temperature of 27 ± 20C and keep there for 24hours.

· After 24 hours remove the mould from the water bath and measure the distance separating the indicator points (E1).

· Again submerge the whole assembly in water bath at a temperature of 27 ± 20C and bring the water to boiling in 27 ± 3 minutes and keep it for 3 hours.

· Remove the mould from the water bath, allow it to cool and measure the distance between the indicator points (E2).

· The distance between the two measurements indicates the expansion of the cement.

· Make at least two determinations for each test.

CALCULATIONS

· Calculate the Soundness of cement from the equation given below

Soundness = E2 – E1
E1 = Initial distance between the indicator points.

E2 = Final distance between the indicator points.

REPORT

· Report the individual and the mean results to the nearest 0.5mm.

PRECAUTION
· Take care to maintain the temperature of the moulding room, dry material and water within 27 ± 20C and the humidity of the laboratory within 65 ± 5%.
4.4 DETERMINATIONS OF CONSISTENCY 
OF STANDARD CEMENT PASTE
STANDARD

· IS 4.31 (Part 4) 988.
DEFINITION

· The standard consistency of a cement of a cement paste is defined as that consistency which will permit the vicat plunger to penetrate to a point 5 to 7mm from the bottom of the vicat mould.
APPARATUS

· Vicat Apparatus Conforming to IS: 5513 – 1976.

· Balance of capacity 1Kg and sensitivity to 1 gram.

· Gauging trowel conforming to IS: 10086 – 1982.
PROCEDURE

· Unless otherwise specified this test shall be conducted at a temperature 27 ± 20C and the relative humidity of laboratory should be 65 ± 5%.

· Prepare a paste of weighed quantity of cement (300gms) with weighed quantity of potable or distilled water, taking care that the time of gauging is not less than 3minutes nor more than 5 minutes and the gauging is completed before any sign of setting occurs.

· The gauging is counted from the time of adding water to the dry cement until commencing to fill the mould.

· Fill the vicat mould with this paste resting upon a non-porous plate.

· Smoothen the surface of the paste, making it level with the top of the mould.

· Slightly shake the mould to expel the air.

· In filling the mould operators hands and the blade of the gauging trowel shall only be used.

Fig: 4.4.1 Testing consistency of cement
· Immediately place the test block with the non-porous resting plate, under the rod bearing the plunger.

· Lower the plunger gently to touch the surface of the test block and quickly release, allowing it sink into the paste.

· Record the depth of penetration.

· Prepare trial pastes with varying percentages of water and test as described above until the plunger is 5mm to 7mm from the bottom of the vicat mould.

CALCULATIONS
      Weight of water added

· Standard consistency (%) = --------------------------------- x 100

          Weight of cement
REPORT

· Express the amount of water as a percentage by mass of dry cement to the first place of decimal.
PRECAUTION

· Care shall be taken to maintain the specified temperature, humidity and the time of mixing so as to avoid setting of cement paste.
4.5 DETERMINATION OF INITIAL & 
FINAL SETTING TIMES

STANDARD

· IS: 4031 (Part 5) 1988.
OBJECTIVE

· To determine the initial and final setting times of cement.
APPARATUS

· Vicat apparatus conforming to IS: 5513-1976.
· Balance of capacity 1kg and sensitivity 1 gram.
· Gauging trowel conforming to IS: 10086-1982.
PROCEDURE

· Unless otherwise specified this test shall be conducted at a temperature of 27 ± 20C and 65 ± 5% of relative humidity of the Laboratory.
· Prepare a paste of 300 grams of cement with 0.85 times the water required to give a paste of standard consistency IS: 4031 (Part 4) 1988.
· The time of gauging in any case shall not be less than 3minutes not more than 5minutes and the gauging shall be completed before any sign of setting occurs.
· Count the time of gauging from the time of adding water to the dry cement until commencing to fill the mould.
· Fill the vicat mould with this paste making it level with the top of the mould.
· Slightly shake the mould to expel the air.
· In filling the mould the operator hands and the blade the gauging trowel shall only be used.
Initial Setting Time

· Immediately place the test block with non-porous resting plate, under the rod bearing the initial setting needle.

· Lower the needle and quickly release allowing it to penetrate in to the mould.

· In the beginning the needle will completely pierce the mould.

· Repeat this procedure until the needle fails to pierce the mould for 5 ± 0.5mm.

· Record the period elapsed between the time of adding water to the cement to the time when needle fails to pierce the mould by 5 ± 0.5mm as the initial setting time.

Final Setting Time

· Report the needle of the vicat apparatus by the needle with an annular ring

· Lower the needle and quickly release.

· Repeat the process until annular ring makes an immersion on the mould.

· Record the period elapsed between the time of adding water to the cement to the time when the annular ring fails to make the impression on the mould as the final setting time.

REPORT
· Report the initial setting time and final setting time in minutes.

PRECAUTION

· The time of gauging in any case shall not be less than 3 minutes not more than 5 minutes.

4.6 DETERMINATION OF COMPRESSIVE STRENGTH
STANDARD

· IS 4031 (Part 6) 1988.

DEFINITION
· Compressive strength is defined as the ratio of the load per unit area.

APPARATUS
· Vibrating machine conforming to IS: 10080 – 182.

· Poking rod conforming to IS: 10080-1982.

· Cube moulds shall be of 70.60mm size conforming to IS: 10080-1982.

· Gauging trowel having steel blade 100 to 150mm in length with straight edge weighing 210 ± 10gms.

· Balance of capacity 10 Kg and sensitivity 1 gram.

PROCEDURE
· Unless otherwise specified this test shall be conducted at a temperature 270 ± 20C.

· Weigh the material required for each cube separately.

· The quantity of cement, standard sand and water required for each are as follows. 

Cement = 200gms

         2mm
to 1mm     -     200gms

Standard Sand = 600gms          1mm
to 500mic     -     200gms      Conforming to IS: 650-1991

        500mic
to 90mic     -     200gms

Water = (P/4+3) Percentage of combined mass of cement and sand.

P is the consistency of cement as per IS: 4031 (Part 4) 1988.

· Place on a nonporous plate, a mixture cement and standard sand.

· Mix it dry with a trowel for one minute and then with water until the mixture is of uniform colour.

· The time of mixing shall in any event be not less than 3 minutes and should be the time taken to obtain uniform colour exceeds 4 minutes.

· In assembling the moulds ready for use, cover the joints between the halves of the mould with a thin film of petroleum jelly and apply a similar coating of petroleum jelly between the contact surface of the bottom of the mould and base plate in order to ensure that no water escapes during vibration.

· Place the assembled mould on the table of the vibration machine and hold it firmly in position by means of suitable clamp, attach a hopper of suitable size and shape securely at the top of the mould to facilitate filling and hopper shall not be removed until the completion of vibration period

· When it may be necessary to obtain the early strength, tests may be conducted at the age of 72 ± 2 hours.

· Calculate the ages from the addition of water to the dry ingredients.

· Test at least three specimens preferably from different batches at each selected age.

CALCULATIONS
           Load 

· Compressive strength = ------------------------------------------------ N / mm2
            Cross sectional area of the specimen

REPORT
· Report the individual and the mean results to the second decimal and express in N / mm2.
PRECAUTION

· The time of mixing is very important and in no case shall not be less than 3 minutes and not to exceed 4 minutes.

5. TESTS ON BITUMEN
5.1
DETERMINATION OF SPECIFIC GRAVITY
STANDARD

· IS: 1202 – 1978.

DEFINITION
· Specific gravity is the ratio of the mass of a given volume of the substance to the mass of an equal volume of water.

APPARATUS
· Specific gravity bottle of 50ml capacity (Ordinary specific gravity bottle for material which remains absolutely fluid at 27 0C).

· Constant temperature bath having a depth greater than of Pycnometer capable of being maintained within 0.2 0C of the specified temperature.

· Balance of capacity 500grams and sensitivity 0.01 gm.

PROCEDURE
· Clean dry and weigh the specific gravity bottle together with the stopper (A).

· Fill it with freshly boiled and cooled distilled water and insert the stopper firmly.

· Wipe all surplus moisture from the surface with a clean, dry cloth and weigh it (B) as shown in Fig: 5.1.1.

· Bring the bituminous material to the fluid condition by gentle application of heat, care being taken to prevent loss by evaporation.

Fig: Weighing of Pycnometer filled with distilled water

· When the material is sufficiently fluid, pour the bituminous material in to the clean, dry specific gravity bottle to fill at least half.

· Slightly warm the bottle before filling the material.

· Keep the material away from touching the sides above the final level of bottle and avoid the inclusion of air bubbles.

· The use of small funnel will prevent contamination of the neck of the bottle.

· Do not allow any air bubbles to remain in the specific gravity bottle.

· Place the specific gravity bottle in the water bath and press the stopper firmly in place.

Fig: 5.1.1 Weighing of Pycnometer filled with bitumen and distilled water

· Remove the specific gravity bottle from the water bath, wipe all surplus moisture from the surface with a clean dry cloth and weigh it along with the stopper (D) Fig: 5.1.2.

CALCULATIONS

        C - A
· Specific gravity = ----------------------

  (B-A) – (D-C)

A = Weight of specific gravity bottle

B = Weight of specific gravity bottle filled with distilled water.

C = Weight of specific gravity bottle about half filled with the bituminous material.

D = Weight of specific gravity bottle about half filled with the material and rest with distilled water.

REPORT

· Express the ratio of mass of a given volume of the bituminous material to the mass of an equal volume of water.

PRECAUTIONS

· Only freshly boiled and cooled distilled water shall be used.

· At no time of weighing shall the temperature of the apparatus be allowed to exceed the specified temperature.

5.2 
DETERMINATION OF PENETRATION 
STANDARD
· IS: 1203 - 1978

DEFINITION
· Penetration of a bituminous material is the distance in tenths of millimeter that standard needle will penetrate vertically in to a sample under standard conditions of temperature load and time.

APPARATUS

· Standard Penetration apparatus

· A metal or glass cylindrical flat – bottomed container essentially with the following dimensions For penetration below 225.

Diameter 

55mm

Internal depth
35mm

For penetration between 225 and 350.

Diameter 

70mm

Internal depth
45mm

· Needle shall be made up of straight, highly polished, cylindrical, hard steel rod.

· Thermometer capable of reading temperature up to 250 0C.
PROCEDURE

· Soften the material to a pouring consistency at a temperature not more than 60 0C for tars pitches and not more than 90 0C for bitumen above the approximately respective softening points.

· Stir it thoroughly until it is homogeneous and free from air bubbles and water.

· Pour the melt in to the container to a depth of at least 10 mm.

· Protect the sample from dust and allow it to cool in atmosphere at a temperature between 15 to 30 0C for 11/2 to 2 hours for 45mm deep container and 1 to 11/2 hours for 35mm deep container.

· Unless otherwise specified carry out testing at a temperature of 25 ± 0.1 0C.

· Fill the transfer dish with water from the water bath to a depth sufficient to cover the mould completely.

· Remove the transfer dish along with the mould from water bath after specified period of time and put it upon the stand of penetration apparatus.

· Bring the pointer to zero.

Fig: 5.2.1 Penetration test for bitumen

· Release the needle for five seconds and measure the distance penetrated.

· After each test return the sample and transfer dish to the water bath and wash the needle with benzene and dry.

· In case of material of penetration greater than 225 make three determinations on each of two identical test specimens using a separate needle for each determination, leaving the needle in the sample on completion of each determination to avoid disturbance of the specimen.

REPORT
· Express the depth of penetration of the needle in tenths of mm.

· The value of penetration reported shall be the mean of not less than three determinations whose values do not differ by more than difference given below

Penetration 


Maximum difference

0 to 49




2

50 to 149




4

150 to 249




6

250 and above



8

PRECISION
· The duplicate results should not differ by more than the following

Penetration 

Repeatability

Reproducibility

Below 50 


1 Unit


4 Units

Above 50 


3%of their mean 
8% of their mean

PRECAUTIONS
· If the sample contains extraneous matter, it should be sieved through I S Sieve 30 (IS: 460 – 1962).

· To avoid over heating at the bottom of the container, use of an air oven or sand bath is recommended.

· While the needle is penetrating into the sample, if there is any movement of the container, that determination shall be discarded.

5.3 
DETERMINATION OF SOFTENING POINT
STANDARD
· IS: 1205 – 1978.

DEFINITION

· Softening point is the temperature at which the substance attains a particular degree of softening under specified conditions of test.
APPARATUS

· Standard Ring and Ball Apparatus.

· Steel balls 2 No, each 9.5mm in diameter and weighing 3.5 ± 0.05 grams.

· Brass rings 2 No, the rings shall be tampered and shall confirm to the following

Depth 



: 6.4
± 0.1mm

Inside diameter at bottom

: 15.9
± 0.1mm

Inside diameter at top

: 17.5
± 0.1mm

Outside diameter


: 20.6
± 0.1mm

· Thermometer capable of reading temperature up to 0 to 250 0C.

· Water bath should be a heat resistant glass vessel not less than 85 mm in diameter and 120 mm in depth.

· Stirrer shall be manual or mechanical to ensure uniform heat distribution at all times through out the water bath.
PROCEDURE

· Heat the material to a temperature between 75 to 100 0C above its softening point.

· Stir until it is completely fluid and free from air bubbles and water and filter if necessary, through IS sieve 30.

· Place the rings, previously heated to a temperature approximately to that of molten material on a metal plate which has been coated with the mixture of equal parts of glycerin and dextrin.

· Fill the mould with sufficient melt to give excess above the level of the ring.

· Remove the access material with a warmed sharp knife after cooling air for 30 minutes.

· The water bath liquid shall be freshly boiled distilled water when testing materials having softening points below 80 0C and pure glycerin for material having softening points above 800C.

· There shall be exactly 25 mm difference between the bottom of the rings and the top surface of the bottom plate of the support, if any, or the bottom of the bath.

· Maintain the bath at a temperature of 50C for 15 minutes after which place the balls previously cooled to a temperature of 50Cby forceps in each ball guide.

· Apply heat to the bath and stir the liquid so that the temperature rises at a uniform rate of 5 ± 0.5 0C per minute until the material softens and allow the balls to pass through the ring.

· Record the temperature shown by the thermometer for each ring and ball at the instant the sample surrounding the ball touches the bottom plate of the support, if any or the bottom of the bath..

Fig: 5.3.1 Softening point test for bitumen.

REPORT
· Report to the nearest 0.5 0C the mean of the temperature recorded in duplicate ass the softening point.

PRECISION
· Test results shall not differ from the mean by the following

Softening Point

Repeatability

Reproducibility

40 to 60


1.00



5.50

61 to 80


1.50



5.50

81 to 100


2.00



5.50

101 to 120


2.50



5.50

121 to 140


3.00



5.50

PRECAUTIONS
· The stirrer shall be so placed that the moulds are not disturbed when the stirrer is in operation.

· The prescribed rate of heating shall be rigidly adhered to ensuring accuracy of results.

· The rate of temperature rise shall not be averaged over the period of the test.

5.4 
DETERMINATION OF VISCOSITY

(KINEMATIC VISCOSITY)

STANDARD

· IS: 1206 (Part 3) 1978.
DEFINITION

· Kinematic viscosity is defined as the quotient of the absolute or dynamic viscosity divided by the density of the liquid both at the same temperature.
APPARATUS

· B S U – Tube Modified Reverse Flow Viscometer

· The viscometer shall be made of clear borosilicate or other heat resistant glass free from visible defects.

· A suitable bath for immersion of viscometer so that the liquid reservoir or top of the capillary which ever is uppermost is at least 2 cm below the upper bath level.

· Provision shall be made for visibility of the viscometer and the thermometer.

· Stop watch capable of being read up to 0.5 seconds.
Calibration of Viscometer

· Any liquid of known viscosity may be used for calibration of viscometer.

· Charge the clean dry viscometer by pouring the known viscosity material.

· Place the charged viscometer in the bath maintained at temperature within 0.10C.

· Measure to within 0.5 seconds the time required for the leading edge of the meniscus to pass from the first timing mark to the second.

V

C = -----------

 
       t

· If the viscometer is used at a location other than the calibrating laboratory the constant ‘C’ should be corrected for the difference in the acceleration of gravity ‘g’ at the two locations as follows

g2
C2 = ----------- x C1
 
      g1
C2 = Calibration constant in the testing laboratory

C2 = Calibration constant in the calibration laboratory
g2 = acceleration of gravity at the testing laboratory

g1 = acceleration of gravity at the calibration laboratory

Fig: 5.4.1 B S U – Tube Modified Reverse Flow Viscometer

PROCEDURE

· Mount the BSU – Tube viscometer in the constant temperature bath keeping tube L vertical.
· Pour sample through tube N to a point just above filling mark G.
· Allow the sample to flow freely through capillary R, taking care that the liquid column remains unbroken until the lower mark H and then arrest its flow by closing the timing tube with a cork or rubber stopper in tube L.
· Add more liquid, if necessary to bring the upper meniscus slightly above mark G.
· Remove the excess sample above filling mark G by inserting the special pipette until its cork rests on top of the tube N and apply gentle suction until air is drawn through.
· The upper meniscus shall coincide with mark G.
· Allow the viscometer to remain in the constant temperature bath for a sufficient time to ensure that the sample reaches temperature equilibrium.
· Remove the stopper in the tube N and L respectively and allow the sample to flow by gravity.
· Measure to the nearest 0.1 seconds the time required for the leading edge of the meniscus to pass from timing mark E to the timing mark F.
· If this efflux time is less than 60s, select a viscometer of smaller capillary diameter and repeat the operation.
CALCULATIONS
· Kinematic viscosity cSt = C x t
C = Calibration constant of the viscometer in centistokes per second

T = Efflux time in seconds.

REPORT

· Report always the test temperature along with the results.
PRECISION

· The duplicate test results should not differ by more than the values given below

Material 



Repeatability 



Reproducibility

Asphaltic bitumen at 1350C
1.80% of mean


8.80% of mean

Cutback bitumen at 600C

Below 3000
cSt

1.50% of mean


3.00% of mean

3000 to 6000
cSt

2.00% of mean


9.90% of mean

Above 6000
cSt

8.90% of mean


10% of mean
PRECAUTIONS

· After completion of the test clean the viscometer thoroughly by mixing with an appropriate solvent completely miscible with the sample followed by a completely volatile solvent.

· Dry the tube by passing slow stream of filtered dry air through the capillary until the last trace of solvent is removed.

5.5
DETERMINATION OF DUCTILITY
STANDARD
· IS: 208 – 1978.

DEFINIION
· The ductility of bituminous material is the distance in centimeters to which it will elongate before breaking when a briquette specimen of the materials is pulled at a specified speed and at specified temperature.

APPARATUS
· Testing machine

· Mould made up of brass.

· Water bath preferably with a thermostat, 10 liter capacity and maintained with in 0.1 0C of the specified temperature.

· Thermometer 250 0C capable of reading up to 0.010C.

PROCEDURE

· Unless otherwise specified this test shall be conducted at a temperature of 27 ± 0.50C and at a rate of pull of 50 ± 2.5mm / min.

· Melt the bitumen to be tested to a temperature of 75 to 100 0C above its approximate softening point till it becomes fluid.

· Assemble the mould on a brass plate and coated on all the sides with a mixture glycerin and dextrin of equal parts to avoid sticking of the material.

· Fill the mould until it is more than level full.

· In filling the mould pour the material I a thin stream back and forth from end to end of the mould.

· Cut off excess bitumen by means of hot straight edged putty knife level full.

· Place the brass plate and mould with briquette specimen, in the water-bath and keep at the specified temperature for about 85 to 95 minutes.

· Remove the briquette from the plate, detach sidepieces and test the briquette immediately.

· While the test is being conducted make sure that the water in the tank of the testing machine covers the specimen above by at least 25mm and is maintained continuously with in ± 0.5 0C of specified temperature.

· Attach rings at each end of the clips to the hooks in the testing machine and pull the two clips a part horizontally at a uniform speed as specified until the briquette ruptures.

· Measures the distance in centimeters through which the clips have been pulled to produce rupture.

· At least three determinations shall be made for each test.

Fig: 5.5.1 Ductility Test

REPORT
· Report the average of three normal tests ductility of the sample, provided that the three determinations be with in ± 5% of their mean value.

PRECISION
· The duplicate test results should not differ by more than the values given below

Repeatability 



Reproducibility

10% of mean



20% of mean

PRECAUTION
· In filling the mould care shall be taken to se that no air bubbles shall be formed and not to disarrange the parts and thus distorting the briquette

5.6 
DETERMINATION OF FLASH POINT FOR BITUMEN
STANDARD
· IS: 1209 – 1978 (3)

DEFINITION

Flash point

· The flash point of a material is the lowest temperature at which the application of test flame cause the vapors from the material momentarily catch fire in the form of a flash under specified conditions of test.

APPARTUS

· Pensky martens closed tester consisting of cup ,lid, stirring device ,cover shutter and flame Exposure device etc shown in fig

Fig: 5.6.1 Pensky Martens Closed Tester

· Low range thermometer -7 to + 110 0C and capable of reading up to 0.5 0C.
· High range thermometer 90 to 370 0C and capable of reading up to 2 0C.
PROCEDURE

· Clean and dry all parts of the cup and its accessories thoroughly before the test.

· Take particular care to  avoid the presence of an y solvent used to clean the apparatus

· Fill the cup with the material to be tested up to the level indicated by the filing mark.

· Place the lid on the cup and set the later in the stoves. 

· Take care that the locating devices arte properly engaged.

· Insert the thermometer ,high or low range as required 

· Light and adjust the test flame so that it is of the size of a bead of 4min in diameter.

· Apply  the test at such a rate that the temperature recorded by the thermometer increases between 5 to 6  per minute

· Start stirring at a rate 60 revolutions per minute.

· Apply the test flame at each temperature reading, which is a multiple of 1 0C up to 104 0C.

· For the temperature range above 104 0C, apply the test flame at each temperature3 reading ,which is a multiple of 2 0C

· Apply initial test at least 17 0C below the expected flash point.

· Apply the test flame by operating the device controlling the shutter and test flame burner so that the flame is lowered in 0.50 seconds ,left in its lowered position for one second and quickly raised to its high position 

· Discontinue stirring during the application of test flame

· Carefully observe the surfaces of the material during heating.

REPORT

Flash Point
· The flash point shall be taken as the temperature read on the thermometer at the time of the flame application that causes a distinct flash in the interior of the cup.

PRECISION
· The duplicate test results should not differ b more than the values given below

Flash point



     Repeatability


     Reproducibility

104 0C and below



80C




110C

Above 104 0C



80C




140C
PRECAUTIONS

· Do not confuse with the bluish halo flame that some times surrounds the test flame as the true flash.

· Take care to shield the apparatus from the draughts.

5.7 DETERMINATION OF FLASH POINT 
FOR CUT BACK BITUMEN
STANDARD
· IS: 1209 1978 (4)

DEFINITION

Flash Point
· The flash point of a material is the lowest temperature at which the application of the test flame causes the vapors from the material momentarily catch fire in the for of a flash under specified conditions of test.

APPARATUS

· Pensky Martens Closed Tester consisting of cup, lid, stirring device, cover shutter and flame exposure device etc.

· Low range Thermometer – 7 to + 110 0C and capable of reading up to 0.50C.
PROCEDURE
· Clean and dry all parts of the cup and its accessories thoroughly before the test.

· Take particular care to avoid the presence of any solvent used to clean the apparatus.

· Fill the cup with the material to be tested up to the level indicated by the filling mark.

· Place the lid on the cup and set the latter in the stove.

· Take care that the locating devices are properly engaged.

· Insert the thermometer.

· Completely fill the air space between the cup and the interior of the air bath with water at the temperature of the tester and a material.

· Light and adjust the flame so that it is of the size of a bead of 4mm in diameter.

· Start stirring at a rate of a70 to 80 revolutions per minute.

· Apply the test flame by operating the device controlling the shutter and test flame burner so that the flame is lowered in 0.50 seconds, left in its lowered position for one second, and quickly raised to its high position.

· Discontinue stirring during the application of test flame.

· Carefully observe the surface of the material during heating.

REPORT

Flash Point
· The flash point shall be taken as the temperature read on the thermometer at the time of the flame application that causes a distinct flash in the interior of the cup.

PRECISION
· The duplicate test results should not differ by more than the values given below

Flash point



     Repeatability


     Reproducibility

104 0C and below



80C




110C

Above 104 0C



80C




140C
PRECAUTIONS

· Do not confuse with the bluish halo flame that some times surrounds the test flame as the true flash.

· Take care to shield the apparatus from the draughts.

5.8 DETERMINATION OF WATER CONTENT 
(DEAN AND STARK MEHOD)
STANDARD

· IS: 1211 - 1978
OBJECTIVE

· To determine the water content of asphalt bitumen and fluxed nature asphalt, Crude coal tar, Road tar, Cut back bitumen, Digboi type cutback bitumen and creosote and anthracene oil.

APPARATUS

· Flask of 500 ml capacity made of heat resistant glass well annealed and as free as possible from striac and similar defects. The top of the neck shall be ground to form the socket of ground glass joint.
· Condenser made of heat resistant glass well annealed and as free as possible from striac and similar defects.

· Receiver made of heat resistant glass well annealed and as free as possible from striac and similar defects.

· Heat resistant glasses well annealed and as free as possible from striac and similar defects.

· 100ml; graduated cylinder

· suitable Gas burner or Electric heater
Solvent 

· Solvent may be any one of the following
· Petroleum or coal tar naphtha free from water yielding not more than 5% distillate at 1250C and not less than 20% at 1600C.
· Petroleum spirit with a boiling range of 100 to 120 0C.
PROCEDURE

· Take approximately about 100gms of the sample and pour it in to the flask.
· Add 100ml ml of solvent.
· Attach the flask to the Dean and Stark condensing and collecting system.
· Heat the flask at such rate the condensate falls from the end of the condenser at a rate of two to five drops per second.

· Continue the distillation until the condensed water is no longer visible in any part of the apparatus except the bottom of the graduated tube and until the volume of water collected remains constant for a period not less than five minutes.
· Remove the precipitant ring of the condensed water in the condenser tube, if any, by increasing the rate of distillation by a few drops per second.
· Wash droplets of water which adhere to the lower end of the condenser tube in to the receiver with solvent or carrier liquid using the spray tube.

· Insert a loose plug of cotton wool in the top of the conditioner tube to prevent the condensation of atmospheric condenser tube moisture in the tube.

REPORT
· Report the results as water content to the nearest 0.05% weight if 2ml receiver has been used and to 0.1 % if the 10ml receiver has been used with 100 grams of sample.

PRECISION
· Duplicate determinations shall not differ by more than the following

Water collected 


Repeatability



Reproducibility

0 to 1.0 ml



0.1 ml




0.2 ml

1.1 to 25 ml


0.1 to 2% of their mean

0.2 ml or 10 % of mean 











which ever is greater.

6. TESTS ON CONCRETE MIX

6.1 
SLUMP TEST
STANDARD
· IS: 1199 – 1959.

OBJECTIVE
· To determine the workability of concrete

APPARATUS
· Mould for the test shall be in the frustum of a cone having the following internal dimensions bottom diameter-20 cms, top diameter-10cms, heigt-30cms.

· The mould shall be made of metal (Brass or Aluminum shall not be used) of at least 1.6 mm thickness and the top and bottom shall be open and at right angles to the axis of the cone.

· The mould shall have a smooth surface.

· Tamping rod shall be of steel or other suitable material, 16mm diameter, 0.6m long rounded at one end with graduations of least count 1mm.

Sampling in the field
· If the test is to be conducted in the field collects the true representative sample of the batch not less than 0.02m3 in volume.

· Mix the sample on a non-absorbent base either with a trowel or by other suitable implements to ensure uniformity.

· Use the sample immediately for the purpose of carrying out the test.

· In the case of concrete containing aggregate of maximum size more than 38mm wet sieve the concrete through 1 ½ inch screen to exclude aggregate particles bigger than 38mm.

Sampling from Laboratory Mix
· If the slump is to be checked in the laboratory mix the sample homogeneously and take the representative sample.

Preparation of the Mould

· Thoroughly clean the internal surface of the mould free from superfluous moisture and any set concrete.

· Place the mould on a smooth, horizontal rigid and non-absorbent surface such as a carefully leveled metal plate and held the mould firmly in the place while it is being filled.

PROCEDURE
· Fill the mould in four layers each approximately one quarter of the height of the mould.

· Prod each layer with twenty five strokes of the rounded end of the tamping rod.

· Distribute the strokes uniformly over the cross section of the mould such that the second and subsequent layers shall penetrate into underlying layer.

· Prod the bottom layer through out its depth.

· After the top layer has been prodded, struck off the concrete in level with the slump cone with a trowel or with the tamping rod, so that the mould is exactly filled.

· Clean the mortar if any, which has been leaked out between the mould and base plate.

· Remove the mould from concrete immediately by raising it slowly and carefully in a vertical direction.

Fig: 6.1.1 True slump


Fig: 6.1.2 Shear

Fig:6.1.3 Collapse

· Measure the slump immediately by determining the difference between the height of the mould and that of the highest point of the specimen.

· Complete the whole process within a period of 2 minutes after sampling.

REPORT
· Record the slump measured in terms of millimeters of subsidence of the specimen during the test.

· Any slump specimen, which collapses or shears off laterally gives incorrect result and if this occurs repeat the test with another sample.

· If in the repeated test also the specimen collapses or shears off laterally measure the slump and record the fact.

PRECAUTION
· Carry out the slump test at a place free from vibration or shock and within a period of 2minutes after sampling.

6.2 
DETERMINATION OF COMPACTION FACTOR
STANDARD
· IS: 1199 – 1959 (5.2)

DEFINITION
· Compaction factor is defined as the ratio of the weight of partially compacted concrete to the weight of fully compacted concrete.

APPARATUS
· Compaction factor apparatus

· Platform scale 100kg capacity and sensitivity 10 grams.

· Hand Scoop

· Vibrating Table 

PROCEDURE
· Determine the initial weight (W1) of the cylinder.

· Place the sample of concrete gently in the upper hopper, using the hand scoop

· Fill the hopper in level with its brim.

· Open the trap door so that the concrete falls in to the lower hopper.

· Certain mixes have a tendency to stick in one or both the hoppers.

· If this occurs, help the concrete through by passing the rod gently in to the concrete from the top.

Fig: 6.2.1 Checking of mould for C.F.

Fig: 6.2.2 Compacting mix in to cylinder.

· During the process cover the cylinder by the trowels.

· Uncover the cylinder immediately after the concrete has come to rest.

· Open the trap door of the lower hopper allow the concrete to fall in to the cylinder

· Remove the excess concrete above the level of the cylinder by holding a trowel in each hand with the plane of blades horizontal, and moving them simultaneously one from each side across the top of the cylinder at the same time keeping them pressed on the edge of the cylinder.

· Wipe out side of the cylinder and weigh (W2).

· Determine the net weight of the concrete in the cylinder (W2 – W1).

· This weight is known as the weight of partially compacted concrete.

· Carefully level the top surface.

· Wipe the out side of the cylinder and weigh to the nearest 10gms (W3).

· Determine the net weight of the concrete in the cylinder (W3 – W1).

· This weight is known as the weight of fully compacted concrete.

CALCULATIONS
        (W3 – W1)

· Compaction Factor = ------------------

        (W3 – W1)

REPORT
· Report the result obtained to the nearest second decimal.

PRECAUTIONS
· This test is sufficiently sensitive to enable differences in workability from the initial process in the hydration of the cement to be measured.

· Therefore each test shall be carried out at a constant time interval after mixing is completed.

· A convenient time for releasing the concrete from the upper hopper has been found two minutes after the completion of mixing.

6.3 
DETERMINATION OF COMPRESSIVE STRENGTH
STANDARD
· IS: 516 - 1959

OBJECTIVE
· To determine the compressive strength of cement concrete cubes

APPARATUS
· Batch mixer

· Vibrating table

· Cube moulds

· Tamping road 16mm diameter, 6m long and with bullet point at lower end

· Standard compression testing machine

· Steel scale with an accuracy of 1mm

· Balance of capacity 10kgs and sensitivity 1 gram

PROCEDURE
· Test specimens shall be either from Laboratory mix or from mix produced by Batching plant.

Preparation of Mix in the Laboratory
· Collect representative samples of the materials for use in the particular concrete design by careful sampling.

· Bring all the materials to room temperature, preferably in airtight metal containers.

· Samples of aggregates for each batch of concrete shall be of the desired grading and in air dried condition.

· Each batch of concrete shall be of such a quantity as to give about 10% excess after casting the descried no of test specimens.

· When mixing is done by machine introduce all the mixing water in to the drum before the solid materials.

· Load the drum with one half of coarse aggregate, then with the fine aggregate, then with the cement and finally with the remaining coarse aggregates.

· The period of mixing shall not be less than 2 minutes after all the materials are placed in the drum and shall continue till the resulting concreting is uniform in appearance.

· After thoroughly mixing pour the concrete on a watertight non-absorbent plat form and fill in to the moulds before segregation occurs.

Casting of Specimens
· Fill the concrete in to the mould in layers approximately 5cm deep.

· When compacting by hand use standard tamping rod and each layer is subjected to 35 strokes uniformly distributed.

· When compacting by means of table vibrator each layer shall be vibrated until the specified vibration is obtained.

· Store the test specimens in a place free from vibration, in moist air of at least 90 percent relative humidity and at a temperature of 27 ± 2 0C for 24 ± 1/2 hours from the addition of water to the dry ingredients.

· After this period, mark the specimens and remove from the moulds and unless required for test within 24 hours.

Curing

· Immediately submerge the cubes in a clean, fresh water or saturated lime solution and keep there until taken out just prior to test.

· Renew the water or solution in which the specimens are submerged for every seven days, and the temperature of water is maintained with the specified limits.

· Conduct testing at recognized ages of the specimens, the most usual being 7 and 28 days.

· When it may be necessary to obtain the early strength, conduct tests at the edges of 24 ± 1/2 hours and for 72 ± 2 hours.

· Calculate the ages from the addition of water to the dry ingredients.

· Test at least three specimens preferably from different batches at each selected age.

Testing 
· Test the specimens stored in water immediately on removal from water and while they are still in wet condition.

· Wipe off surface water, grit and any projecting fins removed.

· Record the weight and dimensions of the specimens to the nearest 0.20mm.

· Wipe the bearing surface of the testing machine clean and dry.

· Place the cube specimens in the machine in such manner that the load is applied to opposite sides of the cubes as cast, that is, not to the top and bottom.

· Carefully align the axis of specimen carefully with the center of the thrust of the spherically seated platen.

· Do not use any packing between the faces of the test specimen and the platens of the testing machine.

· Apply the load with out shock and increase continuously at a rate of approximately 140kg/cm2/min or 340 KN/min until the resistance of the specimen of the increasing load breaks down and no further load can be sustained.

· The maximum load applied to the specimen shall then be recorded and the appearance of the concrete and any unusual features shall be noted.

CALCULATIONS
Load

· Compressive strength = ------------------------------- N/mm2
Cross sectional area

REPORT
· Report the individual and average of three values to the nearest second decimal.

· The individual variation of the specimens shall not be more than ± 15 percent of the average.

7. TESTS ON ASPHALT MIX

7.1.
DETERMINATIONS OF RATE OF SPREAD OF BINDER

(CUTBACK BITUMEN)
OBJECTIVE
· To determine the rate of spread of binder (cutback bitumen).
APPARATUS

· Balance of capacity 2kg and sensitivity 0.1gm.

· G.I trays of size 30 x 30 x 2.5cm 2 Nos.
PROCEDURE

· Record the base area (A) and the initial weight (W) of each tray.

· Place the trays on the spraying / tacking zones in such away that they are clear from the tyre zone during run.

· As soon as the sprayer passes over the tray remove and record the final weight of the tray (W1).

· Determine the net weight of the binder in each tray (W1 – W).

· Make at least two determinations for each test.
CACULATIONS

    W1 – W
· Rate of spread of binder = ----------------

          A

REPORT

· Report the individual and the mean results in kg/m2 to the nearest second decimal.

7.2 DETERMINATION OF BINDER CONTENT FOR 

ASPHALT MIX
STANDARD
· IRC: SP 11 – 1988 (Appendix – 5), ASTM D 2172.

OBJECTIVE
· To determine the binder content in the asphalt mix by cold solvent extraction

APPARATUS
· Centrifuge

· Balance of capacity 500gram and sensitivity 0.01 grams.

· Thermostatically controlled oven with capacity up to 250 0C.

· Beaker for collecting extracted material.

PROCEDURE
· Take exactly 500 grams of representative sample and place in the bowl of extraction apparatus (W1).

· Add benzene to the sample until it is completely submerged.

· Dry and weigh the filter paper and place it over the bowl of the extraction apparatus containing the sample (F1).

· Clamp the cover of the bowl tightly.

· Place a beaker under the drainpipe to collect the extract.

· Sufficient time (not more than an hour) is allowed for the solvent to disintegrate the sample before running the centrifuge.

Fig: 7.2.1 Bitumen Extractor.

· Run the centrifuge slowly and then gradually increase the speed to maximum of 3600 rpm.

· Maintain the same speed till the solvent cases to flow from the drainpipe.

· Run the centrifuge until the bitumen and benzene are drained out completely.

· Stop the machine, remove the cover and add 200ml of benzene to the material in the extraction bowl and the extraction is done in the same process as described above.

· Repeat the same process not less than three times till the extraction is clear and not darker than a light straw colour.

· Collect the material from the bowl of the extraction machine along with the filter paper and dry it to constant weight in the oven at a temperature of 1050C to 1100C and cool to room temperature.

· Weigh the material (W2) and the filter paper (F2) separately to an accuracy of 0.01 grams.

CALCULATIONS

  W1 – (W2 + W3)
· Percentage of binder in the total mix = ---------------------------- x 100

W1
W1 = Weight of sample taken

W2 = Weight of sample after extraction

W3 = Increased weight of filter paper (F2 – F1)

REPORT
· The result obtained shall be reported as the percentage of binder content in the mix to the nearest second decimal.

7.3.
DETERMINATION OF ASPHALT MIX PROPERTIES
STANDARD
· MS -4 1989, ASTM D 1559 and AASHTO Designation: T 166 – 78.

OBJECTIVE
· To determinate the properties of asphalt mix such as density, voids, stability and flow.

APPARATUS
· Marshall Testing Machine 

· Compaction pedestal consisting of a 200x460x460mm wooden post capped with a 305x305x25mm steel plate

· Compaction mould consisting of a base plate, forming mould and color extension. The internal diameter of forming mould consisting of flat circular tamping face 98.40mm diameter and equipped with 4.50 Kilogram weight constructed to obtain a specified 457mm height of drop.

· Mould holder consisting of a spring tension device designed to hold compaction mould in place on compaction pedestal.

· Pans, metal, round, approximately 4 liters capacity for mixing of asphalt and aggregates.

· Thermostatically controlled oven and electrical hot plate.

· Scoop, mixing spoon, trowel and spatula.

· Thermostatically controlled water bath

· Gloves and welders for handling hot equipment.

· Marking crayons

· Extrusion jack for extruding compacted specimens from mould.

· Wire basket of not more than 6.3mm mesh or a perforated container of convenient size preferably chromium plated and polished, with wire hangers thickness not less than 1mm.

· A stout watertight container in which the basket may be freely suspended.

· Two dry soft absorbent clothes each not less than 650 cm2.

PROCEDURE
· Prepare test specimens either from Laboratory mix or from plant mix or from paved surface.

Preparation of Mix Laboratory
· Take representative sample of aggregates and dry to constant weight at 1050 to 110 0C.

· Separate the aggregates by dry sieving in to desired size of fraction.

· Weigh in to separate pans for each test specimen the amount of each size of fraction required to produce a batch that will result in a compacted specimen of height 63.5 ± 1.3mm which is generally of 1.20kg including asphalt percentage.

· It is generally desirable to prepare a trial specimen prior to preparing aggregate batches.

· If the trial specimen height falls out side the limits, the amount of aggregate used for the specimen may be adjusted as follows

  63.50 (Mass of aggregate used)

Adjusted mass of aggregate = 
-----------------------------------------






  Specimen height (mm) obtained

· Place the pans in the oven or on the hot plate ant heat the aggregate to a temperature of approximately 280C above the mixing temperature

· Heat the asphalt cement to a temperature not more than 1600C.

· Charge the mixing bowl with heated aggregates and dry mix thoroughly.

· From a carter in the dry blended aggregates and weigh the required amount of asphalt cement into the mixture accordance with the accumulative batch weights.

· Care shall be taken to maintain temperature of aggregates and asphalt cement be with in limits of mixing temperature.

· Mix aggregates and asphalt cement, preferably with a mechanical mixer or by hand with a trowel as quickly and thoroughly as possible to yield a mixture having a uniform distribution of asphalt through out.

Determination of Compacting Temperature
· The temperature to which the asphalt must be heated to produce viscosity of 280 ± 30 centistokes shall be taken as the compacting temperature.

Preparation of Mould and Hammer
· Thoroughly clean the mould assembly and heat the face of the compaction hammer in a boiling water bath or on the hot plate to temperature between 930C and 1490C.

Compaction of Specimens
· Place a piece of waxed paper cut to size in the bottom of the mould before the mix is placed in the mould.

· Place the entire batch in the mould.

· Spade the mix vigorously with a heated spatula or trowel 5 times round the perimeter and 10 times over the interior.

· Remove the collar and smoothen the surface to a slightly rounded shape.

· The temperature of the mix immediately prior to compaction shall be with in the limits of the compaction temperature.

· Replace the collar, place the mould assembly on the compaction pedestal in the mould holder

· Apply either 35, 50 or 75 blows as specified according to the design traffic category with the compaction hammer using a free fall of 457mm. Hold the axis of the compaction as shown in Fig: 7.3.1.

· Remove the base plate and collar reverse and reassemble the mould.

· Apply compaction, remove the base plate and allow the specimen to cool in air until no deformation will result while removing it from the mould.

· Remove the specimen from the mould by means of extrusion jack and then place on a smooth level surface until ready for testing.

Fig: Casting of Marshall Specimens

· Marking shall be done on the specimens for identification.

· Leave the specimens to cool over night

· In the Marshall Method each compacted specimen is tested to determine the following properties

i. Density and Voids Analysis.

ii. Stability and Flow

Density and Void Analysis
· The bulk density test be may be performed as soon as the freshly compacted specimens are cooled to room temperature (AASHTO Designation: T 166 – 78)

· There are two methods for the determinations of bulk density

· Bulk density of compacted specimens with Paraffin coating

· Bulk density of compacted specimens on saturated surface dry basis

Bulk density of Paraffin coated Specimen
· Record the mass of the uncoated specimen to an accuracy of 0.5 grams (A).

· Coat the test specimen on all surfaces with melted paraffin sufficiently thick to seal all surface voids.

· It may be necessary to brush the surface of the paraffin with added hot paraffin in order to fill any pinpoint holes.

· Allow the coating to cool in air at room temperature for 30 min and than weigh (D) the specimen.

· Weigh the paraffin coated specimen (E) in water bath at 25 ± 10C.

· Determine the Specific Gravity of Paraffin at 25 ± 10C if unknown and designate this as F.

  A

· Bulk Density = ----------------------------------

D - A

D – E
  -   --------------

   F


A = Mass of dry specimen in air 


D = Mass of paraffin coated specimen in air


E = Mass of paraffin coated specimen in water.


F = Specific gravity of paraffin

Bulk Density of Compacted Specimens on Saturated Surface Dry Basis
· Record the mass of the specimen (A) to an accuracy of 0.5 grams

· Record the mass of the specimen ( C ) in water at 25 ± 10C 

· Remove the specimen from the water surface dry by blotting with damp towel and determine the surface dry mass (B).

   A

· Bulk Density = ------------

C –B

A = Mass of specimen in air

B = Mass of specimen in water

C = Mass of surface dry specimen in air

Voids Analysis

· For the calculation of voids initially calculate the theoretical specific gravity of the aggregates (Gt1) and the theoretical specific gravity of the mix (Gt).
       100

       ------------------------

Theoretical specific gravity of the aggregates (Gt1) = W1+W2+W3+W4







        G1   G2   G3    G4

W1, W2, W3 and W4 = Percentages of the aggregate.

G1, G2, G3 and G4 = Specific gravity of the aggregate.

100

Theoretical specific gravity of the mix (Gt) = ----------------------------------------------------------

100 - % of bitumen
 - 
% of bitumen
Gt1

          spgr of bitumen

· Calculate the voids from the equations given below
% of bitumen

Volume of bitumen (Vb) = Gb x -----------------------------------

Specific gravity of bitumen

   Gt - Gb

Air voids (Vv) = ------------------ x 100

      Gt

Voids in mineral aggregate (VMA) = Vv + Vb

             100 Vb

Voids filled with bitumen (VFB) = -----------------

               VMA

Gb = Bulk density of the specimen.

Stability and Flow
· Immerse the test specimens in a water bath maintained at 600C ± 10C for 30 to 40 minutes before commencing the test.

· Thoroughly clean the inside surface of the testing head.

· Temperature of the testing head shall be maintained within 210C to 37.800C using a water bath whenever required.

· Lubricate guide rods with a thin film of oil so that upper test head will slide freely without binding.

· Check the dial indicator of the dial gauge to be firmly fixed and set to zero load position.

· Place the specimen in the lower testing head and center, and then fit the upper testing head into position and center complete loading device.

· Place flow meter over marked guide rod and set the needle to zero.

· The point of failure is defined by the maximum load reading obtained.

· Maximum load taken by the specimen at 600C shall be recorded as its Stability value.

Fig: 7.3.2 Testing of Marshall specimen.

· Note the flow meter reading immediately when the load begins to decrease in load meter.

· This reading is the flow value of the specimen, expressed in units of 0.25mm.

· The entire procedure, both Stability and Flow tests, starting with removal of specimen from the water bath and testing shall be completed within a period of 30 seconds.

· Measured Stability values for specimens that depart from the standard 63.50mm thickness shall be converted to an equivalent 63.50mm value by means of conversion factor from the Table: 7.3.1.

· Average the flows values and the converted Stability values for all specimens.

Table: 7.3.1 Stability Correlation Ratios

	Thickness of specimen, in mm
	Correlation Ratio

	58.70
	1.14

	60.30
	1.09

	61.90
	1.04

	63.50
	1.00

	64.00
	0.96

	65.10
	0.93

	66.70
	0.89

	68.30
	0.86


Note*
The measured stability of a specimen multiplied by the correlation ratio for the specimen thickness equals the corrected stability for a 63.50 mm specimen.

REPORT
· Report all the test results density, voids stability and flow in a typical format.

PRECAUTIONS
· In no case shall the mix be reheated If the temperature falls down the specified limits of compacting temperature.

· When more rapid cooling of moulds is desired table fans might be used but not water unless the specimen is in water bags.

· Asphalt should not be at mixing temperature for more than one hour before using.

7.4 
SWELL TEST
STANDARD
· MS -4 1989

OBJECTIVE
· To determine the swelling of the compacted specimen under specified conditions of the test.

APPARATUS
· Mould of height 127mm and inside diameter 101.6mm tripod of height 170mm suitable to fix for the mould of 101.6mm diameter

· Dial gauge sensitivity to 0.025mm.

· Deep aluminum pan of size 194mm x 64mm

· Perforated bronze plate with adjustable stem.

· Graduated scale capable of reading up to 1mm.

PROCEDURE
· Compact the asphalt mix in to the mould as specified in MS -4 1989

· Allow the mould to cool at room temperature for at least one hour (This is done to permit rebound after compaction).

· Place the mould and the specimen in the aluminum pan

· Place a perforated bronze disc on the top of the specimen

Fig: 7.4.1 Swell Test

· Position tripod on the mould with dial gauge reading 2.54mm.

· Introduce 500ml of water in to the mould and measure distance (H) from the top of the mould to the top of the water with a graduated scale and keep the set up undisturbed for 24 hours.

· After 24 hours again read dial gauge (R1) and record the change.

· Also measure the distance (H1) from the top of the mould to the top of the water with graduated scale and record the change as permeability or the amount of the water in millimeters that percolates in to and / or through the test specimen.

CLACULATIONS

R1 - R
· Swelling, (%) = ----------------

   R

R = Initial dial gauge reading

R1 = Final dial gauge reading
· Permeability = H – H1
H = Initial height of water from the top of the mould

H1 = Final height of water from the top of the mould

REPORT
· Report the amount of swelling to the nearest second decimal and permeability to the nearest 1mm.

PRECAUTION
· Do not disturb the specimen during the period of swelling.

7.5 DETERMINATION OF DEGREE OF COMPACTION 

OF BITUMINOUS PAVEMENTS
STANDARD
· AASHTO Designation: T 230 – 68 (1974).

OBJECTIVE
· To determine the degree of pavement compaction of bituminous aggregate mixtures by coring with diamond bit core drill as related to standard specimens compacted of the same materials.

APPARATUS
· Diamond bit core drill machine

· Rigid plate or suitable container larger enough to hold the sample without distortion after it is removed from the pavement.

· Wire basket of not more than 6.3mm mesh or a perforated container of convenient size preferably chromium plated and polished, with wire hangers thickness not less than 1mm.

· A stout watertight container in which the basket may be freely suspended

· Two dry soft absorbent clothes each not less than 650cm2
PROCEDURE

Preparation of Standard Specimens
· Prepare standard specimens from the representative sample of mix to be tested for compaction in accordance with MS -4 1989.

Determination of Bulk Density
· Determine the bulk density of the standard specimen in accordance with AASTHO Designation: T 166 – 78.

Core Cutting
· Use 100mm diameter core bit if the maximum nominal size of aggregate is 25mm or less and 150mm diameter core bit if the maximum nominal size of aggregate is over 25mm.

· Core a sample from the pavement and remove it carefully without distoring, bending, cracking or in away changing its physical condition as it was before removal from the pavement.

· Forward the sample to the laboratory where it is to be tested.

· If there is any delay in forwarding the sample to the laboratory place the sample in a safe and cool place 

· Submit complete identification information with the sample.

· Record the dimensions of the core in the laboratory.

Determination of Bulk Density
· Determine the bulk density of the core in accordance with AASTHO Designation: T166 – 74.

Degree of Pavement Compaction
· Determine the degree of pavement compaction by dividing the bulk density of pavement specimen by the bulk density of standard specimen.

Fig: 7.5.1 Coring of pavement layer.

CALCULATIONS

Bulk density of pavement specimen
· Degree of compaction = ----------------------------------------------- x 100

Bulk density of standard specimen

REPORT
· Report all the values as the percentage of compaction to the nearest second decimal.

PRECAUTION
· Remove the core carefully without distorting bending or in anyway changing its physical condition as it was before removal from the pavement.

8.
LIST OF EQUIPMENTS REQUIRED FOR LABORATORY
	Description
	Quantity

	Electronic balance 10kg capacity semi – self indicating type – Accuracy 1gm
	1No

	Mechanical balance 10kg capacity semi – self indicating type – Accuracy 1gm
	1No

	Electronic balance 500gm capacity – Accuracy 0.01gm
	1No

	Mechanical (semi-self indicating) balance 500gm capacity – Accuracy 0.01gm
	1No

	Chemical balance 5kg capacity-Accuracy 0.001gm
	1No

	Pan balance 5kg capacity-Accuracy 0.5gram
	3No

	Plat form scale 300kg capacity
	1No

	Triple beam balance 25kg capacity Accuracy 1gm
	2No

	Oven – Electrically operated, thermostatically controlled (including thermometer) stainless steel interior, Temperature range ambient to 3000C, Sensitivity 10C, capacity 120 Liter.
	1No

	Oven – Electrically operated, thermostatically controlled (including thermometer) stainless steel interior, Temperature range ambient to 1500C, Sensitivity 10C, capacity 250 Liter.
	1No

	Test sieve set 450mm internal diameter as per IS complete with lid and pan of hole size 75mm, 65mm, 53mm, 45mm, 40mm, 37.5mm, 26.5mm, 22.40mm, 19mm, 13.2mm, 2.50mm, 11.20mm, 10mm, 9.5mm, 5.6mm, 6.7mm, and 4.75mm.
	2 Sets

	Test sieve set 200mm internal diameter (brass frame and steel / or brass wire cloth mesh) as per IS complete with lid and pan of aperture brass wire cloth mesh as per IS complete with lid and pan of aperture sizes 2.80mm, 2.36mm, 2mm 1.18mm, 850micron, 90micron and 75micron.
	2 Sets

	Sieve shaker capable of taking 200mm and 450mm diameter sieves-electrically operated with time switch assembly
	1No

	200 Tones compression testing machine electric cum manually operated fitted with three gauges 0-2000KN – 10KN, 0-1000KN – 5KN and 0-500KN – 2KN
	1No

	Stop watches 1/5see Accuracy
	2No

	Glassware compressing beakers pipette, dishes, measuring cylinders (100 to 1000cc capacity) glass rods, funnels and glass thermometers range 00C to 1000C and metallic thermometers range up to 3000C.
	1Dozen Each

	Hot plates 200mm diameter (1500watt)
	6No

	Enamel trays 600mm x 450mm x 50mm
	6No

	Enamel trays 450mm x 300mm x 40mm
	6No

	Enamel trays 300mm x 250mm x 40mm
	6No

	Enamel trays Circular plates of 250 mm diameter
	6No

	Riffle box of slot size 50mm as per ASTM C-136
	1No

	Spatula set of 100 and 200 long
	3Set

	Water testing kit
	1Set

	First aid box
	1Set

	Liquid limit device with Casagrande and grooving tools per IS-2720
	2No

	Single point Liquid Limit device
	1No

	Moisture content cans
	50No

	Ground glass plated with rounded edges 600mm x 600mm x10mm for plastic limit
	2No

	High speed stirrer
	1No

	Soil hydrometer set including jar to ASTM E100 and C422
	1Set

	Sampling pipettes fitted with pressure and suction inlets 10ml Capacity
	1Set

	Compaction apparatus (light) to the requirements of IS-T99 complete with collar base plate & 2.5kg rammer (Automatic with counter)
	1No

	Compaction apparatus (heavy) to the requirements of IS-T180 complete with collar base plate & 4.5kg rammer (Automatic with counter)
	3Nos

	Sand pouring cylinder (150mm). With conical funnel and top and base plate (with 152mm diameter of sand cone0 to the requirements of ASTM D 1556
	4 Sets

	Sampling tins with lids 100mm diameter of sand cone to the requirements of ASTM D 1556 x 75mm ht. 1/2kg capacity.
	30Nos

	Floor mounted electro-mechanical load frame 5 tone capacity with automatic strain control
	1No

	CBR moulds complete with collar, base plate etc.
	18Nos

	Swell stands for holding dial gauge
	9Nos

	CBR Plunger with penetration dial gauge holder
	1No

	Surcharge weight with central hole of 2kg. weight
	40Nos

	Spacer disc with handle
	2Nos

	Perforated brass swell plate with adjustable cap on handle
	18Nos

	Soaking tank for accommodating 9 CBR moulds
	1No

	High tensile steel calibrated proving rings of 1000kg, 2500kg and 5000kg capacity
	1Set

	Dial gauge 25mm travel -0.01mm/division
	12Nos

	Standard penetration test equipment (AASHTOT 206) including solid cone attachment to fit drive
	1No

	Dynamic Cone penetrometer equipment
	2Nos

	Nuclear gauge for density and moisture content determination to the requirements of AASHTO 238 and 239
	1Set

	Balloon testing apparatus for moisture testing
	1Set

	Speedy Moisture tester complete with carrying case and supply of reagent 
	2Nos

	Sand equivalent apparatus complete along with chemicals to the requirements of IS 
	1Set

	Reagent grade sodium sulphate for soundness test of aggregate chemical sodium sulphate to the requirements of AASHTOT-104
	30kgs-

	Flakiness test gauge (to BS 812)
	1No

	Post –hole Auger with extension
	1Set

	Core cutter apparatus 10cm diameter of sand cone to the requirement ofASTMD1556,10/15cum length height complete with 20kg hammer 
	1set

	Constant temperature bath for accommodating bitumen test specimen electrically operated and thermostatically, controlled stainless steel interior ,10Lit,capacity ,temperature range ambient 800
	1No

	Bitumen penetrometer automatic type ,including adjustable weight arrangement and needless to the requirement of AASHT OT49
	1Set

	Centrifuge type motorized bitumen extraction apparatus to the requirement of AASHTOT 164 with stock of solvent &filter paper
	1No

	Bitumen laboratory mixer planetary action,2litre capacity including required accessories electrically operated and fitted with heating jacket
	1No

	Marshall compaction apparatus to the requirement of AASTHO245as per ASTM1559-62T and complete with electrically operated automatic loading unit compaction pedestal heating unit head breaking assembly ,flow meter load transfer bar specimen moulds 100 mm ,diameter of sand cone to the requirement of ASTMD1556 with base plant collars specimen, extractor compaction hammer 4.53kg*457mmfall,Excluding constant temperature bath.
	1Set

	Dial type thermometer reading 0-2000 C range, accuracy 20C
	2No

	Thin film oven test to the requirements of AASHOT 179,INCLUDING accessories
	1N0

	Ring and bell apparatus as per IS 1205-1978
	1Set

	BSU-Tube modified Reverse flow viscometer Is 1206(part3}-1978
	1Set

	Apparatus for determination of ductility test as per 1208-1978
	1Set

	Pen SKY-Martens closed testers for testing flash and fire point as IS 1209  1978
	1Set

	Apparatus for Float Test IS—1978
	1Set

	Apparatus for determinations of loss on heating IS-1212 1978
	1Set

	Apparatus for determinations of water content (Dean and shark Method) IS1211-1978
	1Set

	Apparatus for determination of specific gravity !S-1202 1978
	1Set

	String line arrangement when paving with sensor pavers
	4set

	ROMDAS –Longitudinal profile calibrations device
	1No

	Towed fifth wheel bump integrator 
	1No

	Camber templates 3-lane straight run cross-section
	4Set

	Vicat needle apparatus for setting time with plungers, as per IS-269-1968
	1Set

	Gauging trowel having steel blade 100 to 150mm in length with straight edge weighing 210+10grm.
	4No

	Cube moulds 150mmx150mm
	90No

	Poking rod confirming to IS:10080-1982
	1No

	Cube moulds shall be of 70.60mm size confirming to IS:10080-1982
	9No

	High frequency mortar cube vibrator for cement testing 
	1No

	Concrete mixer power driven 1cu,ft.capacity
	1No

	Variable frequency and amplitude vibrating table size 1m,as per the relevant British standard
	1No

	Flakiness index test apparatus as per B.S.812
	1No

	Elongation index test apparatus as per B.S.812
	1No

	Los-angles abrasion apparatus as per IS2386(part 4)1963
	1No

	Flow table as per IS712-1973
	4No

	Equipment for slump test(c—143)/compacting factor apparatus complete
	1No

	Equipment for determinations of specific gravity for fine and coarse aggregate as per IS2386(part 3) 1963
	4No

	Flexural attachment to compression testing machine
	1No

	Core cutting machine with 10cmdia diamond cutting
	1No

	Needle vibrator
	1No

	Air entertainment meter ASTMC-231
	1No

	Cylinders for checking bulk density of aggregates with tamping rod
	1Set

	Soundness testing apparatus for cement
	1Set

	Chemicals solutions and consumable
	As reqd.

	Chloride testing kit for chemical analysis of chloride content 
	1No

	ION Exchange kit for rapid determinations of sulphate content
	1No

	Concrete permeability apparatus 
	1Set

	Complete set up for determinations of ten percent fines value
	1Set


9. 
LIST OF CODES REQUIRED FOR LABORATORY
	Description
	Designation

	IS CODES

	Paving bitumen 
	IS:73-1992

	Ready mixed paints , brushing ,for road marking to Indian standard colour No.356 golden yellow ,white &Black
	IS:164-1981

	Road tar 
	IS:215-1961

	Cutback Bitumen
	IS:217-1988

	33 Grade ordinary Portland cement
	IS:269-1968

	Coarse aggregate and fine aggregate from natural; sources for concrete
	IS:383-1970

	Mild steel and medium tensile steel bars and hard drawn steel wires for concrete reinforcement part 1&2
	IS:432-1982

	Code of practice for plain and reinforcement concrete
	IS:456-1978

	Specification of precast concrete pipe (with or without reinforcement)
	IS:458-1988

	Test sieves
	IS:460-1985

	Methods of test for strength of concrete
	IS:516-1959

	Industrial Bitumen
	IS:702-1988

	procedure for testing hardness number of bitumen mastic
	IS:1195-1968

	Methods of sampling and analysis for concrete
	IS:;1199-1959

	Indian standard methods for testing tar and bitumen materials
	IS:1201to1220-1978

	Classifications and Identification soils for general engineering purposes
	IS:1498-1970

	Dimensions for round and square steel bars for structural and general engineering purposes 
	IS-1732-1971

	High strength deformed steel bars and wires for concrete reinforcement
	IS:1786-1988

	Preformed filler for expansion joint in concrete pavement and structures
	IS:1838-1983

	Method of load tests on soils
	IS:1888-1982

	Code of practice for structural safety of building (Shallow foundations)
	IS:1904-1978

	Method of standard penetrations for soils
	Is2131-1963

	Method of test for aggregates for concrete (part 1to part 8)
	IS2386-1963

	General requirements for concrete vibrations ,screed board type
	Is:2506i

	Determinations of Dry Density of soils ,in place by sand replacement method
	Is:2720(part28)1974

	Code of practice for design and construction o pile foundations
	IS:2911(part I/sec 2)

	Methods of tests for concrete pipes
	IS:3597

	Code of practice for determinations of SBC of wells 
	Is3955

	Tests on water
	IS:3025-1964

	Code of safety for excavation work
	IS:3764-1992

	Standard specifications for bitumen emulsion for roads (cationic type)
	IS:3117-1965

	Determinations of specific Gravity cement 
	IS4031-1988

	Determinations of soundness(Le-Chatlier Method)
	IS4031(part-I)1996

	Determinations of fineness by dry sieving
	IS:4031(part-3)1988

	Determinations of consistency of standard cement paste
	IS:4031(part-4) 1988

	Determinations initial &final setting times 
	IS:4031(PART-5)1988

	Determinations of compressive strength 
	IS:4031(part6)1988

	Determinations of cement content of cement stabilized soils
	IS:4031(part-7)1988

	Specifications for bitumen mastic for bridge decking and roads 
	IS:5317-1969

	Methods of test for determinations of water soluble chlorides in concrete admixtures 
	IS6925-1973

	Methods of test for determinations of stripping value of road aggregates
	IS:6241-1971

	Determinations of Bearing capacity of shallow foundations 
	IS:6403-1981

	Road traffic signals
	IS:7537-1974

	Code of practice for calibrations of SBC(part I-Shallow foundations)
	IS:8009(part5)1976

	43 Grade ordinary Portland cement
	IS:8112-1989

	Specification for Bitumen emulsion for road(cationic type )
	IS:8887-1978

	Admixtures of concrete 
	IS:9103-1979

	Guidelines for concrete mix designs 
	IS:10262-1982

	Specifications for 53 grade ordinary Portland cement
	IS:12269-1987

	Hand book on concrete Mixes (Based on Indian standards)
	IS:SP:23-1982

	Methods of testing for soils (compendium)
	IS:SP:36(part I)-1987

	
	

	
	

	
	

	
	

	IRC CODES

	Route market signs for National Highways (first Revision)
	IRC:2-1968

	Dimension and  weights of road Design Vehicles 
	IRC:3-1983

	Standard specifications &code of practice for Road bridges sections –I general features of Design 
	IRC:5-1998

	Standards specifications &code of practice for Road Bridges
	IRC:6-2000

	Section-II Loads and stresses
	

	Type designs for Highway Kilometer stones
	IRC8-1980:

	Recommended practice for borrow pits for road embankments constructed by manual operations
	:IRC:10-1961

	Specification for priming of Base course with Bitumen primers
	IRC:16-1989

	Design criteria for Prestressed Concrete Road Bridges(post tensioned concrete )third Revision
	IRC:18-2000

	Standard specifications and code of practice for water Bound Macadam
	IRC:19-1977

	Recommended practice for bitumen penetrations macadam (full grout)
	IRC:20-1966

	Standard specifications and code of practice for road bridges sections -3cement concrete plains and reinforced
	IRC:21-1987

	Type designs for boundary stones
	IRC:25-1967

	Type designs for highway 200 meter stones
	IRC:26-1967

	Specification for Bituminous concrete (Asphaltic concrete )for Road pavements
	IRC:29-1988

	Standard letters and numbers of different Heights for use on highway signs
	IRC-30-1968

	Code of practice for Road markings (with points)
	IRC:35-1997

	Recommendations practices for the constructions of earth embankments for  road works
	IRC:36-1970

	Guidelines for the deigns of flexible pavements
	IRC:37-2001

	Standard specifications and code practices for Road Bridges section-IV-Brick ,stone and block Masonary (first revision) 
	IRC:40-1995
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	IRC:44-1976
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	IRC:56-1974

	Guidelines for control of Access on Highways 
	IRC:62-1976

	Code of practices for Road signs 
	IRC:67-2001

	Guidelines for the design of high embankments 
	IRC:75-1979

	Recommended practice for road signs
	IRC:79-1981

	Type designs for pick –up bus stops on rural (ie.non-urban) highways
	IRC:80-1981
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	IRC:86-1983

	Guidelines for the design and erection of false work for Road Bridges
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	IRC: 89-1997

	Guidelines of selections operations and maintenance of Bituminous Hot mix plant
	IRC: 90 1985

	Guidelines on Design and installation of Road Traffic signals
	IRC:93 – 1985

	Specifications for the dense bituminous macadam
	IRC:94- 1986

	Tentative specifications for two –coat surface dressing using cationic Bitumen Emulsion 
	IRC:96-1987 

	Tentative specification for 20mm thick premix carpet using cationic Bitumen Emulsion  
	IRC:97-1987

	Guidelines for wet Mix macadam
	IRC:SP:109-1997

	Hand book of quality control for constructions of roads runways
	IRC:SP:11-1998

	A manual for the applications of the critical path method to Highway projects in India:
	IRC:SP:14-1973

	Manual for survey ,investigations and preparation of road  projects 
	IRC:SP:19-2001

	Vertical curves for Highways
	IRC:SP:23-1983

	New Traffic signs
	IRC:SP:31-1992

	Highway safety code 
	IRC:SP:44- 1994

	Guidelines for the use of Geotextiles in Road pavements and associated  works
	IRC:SP:59-2002

	Guidelines for safety in constructions Zones
	IRC::SP:55-2001

	
	

	
	

	
	

	
	

	FOREIGN STANDARDS
	

	Test for resistances to plastic flow of bitumen mixtures using Marshall apparatus  
	ASTMD1559

	Extraction ,Quantitative of bitumen form bituminous paving mixtures 
	ASTM-2172

	Method of test for Bulk specific gravity of compacted Bituminous Mixtures
	AASHTOD:T 166-78

	Determinations of Degree of compaction o f Bituminous Pavements 
	AASHTOD:T230-68 (1974)

	Methods for determinations of ten percents fines valve (TFV)
	BS:812 (part 3) 1975

	Methods for determinations of stone polishing value
	BS:812 (part 114)
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1. INTRODUCTION


This manual aims at giving general guidelines for the construction of Highways & Bridges with checklists, reporting formats etc.

This book has been covered in three sections such as construction of Roads, Bridges and Culverts. Under each chapter, the following things are illustrated.

Material Requirement:
This will explain the type of material required for that activity and its properties required as per the specification.

Machinery Requirement:
This will explain different type of machinery required to carry out the work.

Construction Procedure:
This will describe the methodology of that particular activity. This will help the reader about different steps involved in the sequence of work.

Typical Checklist:
General checks those are needed to look into before, during and after the completion of activity are listed briefly in a tabular form. This can be checked and filed for record by the engineer both from contractor and client.



In a nutshell, this book has covered almost all types of activities generally come across in the project “4-Laning from Km 9.00 to Km 480.0 of Lucknow – Muzaffarpur National Highway Project in Uttar Pradesh & Bihar.

Objectives of Guide Lines: 
The basic objective of guide lines is to provide an initial set of working principles, criteria and procedures to assist Managers/Engineers engaged in construction/supervision of construction contract package PKG-1 of NHAI project. It is the intention that these guide lines will be tested, refined and improved upon the construction phase.


Other objective of the guide lines are ensure uniformity, consistency and thoroughness on the part of construction/supervision engineers while at the time providing standard methods for carrying out the regulatory, mandatory and routine construction/supervision activities.

2. ROAD CONSTRUCTION
2.1 TRAVERSING

SCOPE
This work shall consist of fixing of control station points, horizontal and vertical alignment as per designed coordinates and levels.

INSTRUMENTS
i. Global positioning system (GPS)

ii. Electronic densitometer (Total station-with 2 sec accuracy)

iii. Prism Stand 

iv. Auto level (1mm accuracy)

v. Leveling staff

vi. Tapes

vii. Nails

viii. Hammers

ix. Marking paint, etc.

METHODOLOGY
i. Minimum two base station points shall be fixed by GPS for every 5Km to control the manual and instrumental errors.

ii. The control station points shall be fixed for every 200m by traversing.

iii. The station points shall be located at appropriate places and these should be painted properly for easy identification.

iv. Proposed centerline shall be fixed along the existing road or any firm ground by fixing the nails with help of designed coordinates.

v. Proper marking shall be done around the nails by specifying the offset distance

vi. Pre-caste concrete pillars having centered nail shall be fixed on the firm ground along the roadside for temporary benchmarks (TBM’s) and these should be painted properly to identify easily.

vii. Numbering and Chainage shall be given to the benchmark pillars

viii. Levels shall be shifted to the TBM pillars with th3 help of auto levels

PRECAUTIONS
i. Care shall be taken against control station points and temporary benchmark pillars to not to disturb or damage by any lateral loads.

ii. Maximum allowable error between any adjacent benchmark pillars shall not be more than 2mm when it is closed

ENCLOSURES
i. Typical co-ordinates sheet.

NATIONAL HIGHWAYS AUTHORITY OF INDIA

Consultant
:





Package
:

Contractor
:





Site Office
:

CO-ORDINATE SHEET
	Sl. No.
	Chainage
	Easting
	Northing
	Remarks

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



For the Contractor





For the Engineer
2.2 SITE CLEARANCES AND EXCAVATION

SCOPE

This work shall consist of cutting, removing disposing and excavating of all materials such as trees, bushes, shrubs, stumps, roots grass, weeds, and topsoil to the required thickness in accordance with clauses 200 and 300 of MOST.

MACHINERY
i. Excavator

ii. Dozer

iii. End dumpers

iv. Rollers

v. Survey kit, etc.

METHODOLOGY
i. The material which is unsuitable for construction of road such as trees, bushes, stumps, roots, grass, weeds, top organic soil shall be disposed off by using excavator and end dumpers

ii. Highway property / Amenities such as trees, shrubs any other plants, pole lines and sewers shall be protected from injury or damage during clearance

iii. Boulders stones stumps and other materials usable in road constructions shall be neatly stacked at specified locations.

iv. The pits resulting from uprooting of trees and stumps shall filled with suitable material with proper compaction

v. Original ground levels shall be taken in both longitudinal and transerverse direction at specified intervals

vi. Marking shall be done for excavation shall carry out the excavation true to lines, curves, slopes, grades and sections as per marking.

vii. Excavated material shall be disposed from excavated by using end dumpers

viii. Rolling shall be carried out on excavated portion till it reaches 95% compaction or as specified by the project specification.

QUALITY CONTROL
Dressed and compacted surface of the excavated area shall be checked for field density as per IS 2720 Part-28 and the degree of compaction shall not less than 95%

NATIONAL HIGHWAYS AUTHORITY OF INDIA

Consultant
:





Package
:

Contractor
:





Site Office
:

ORIGINAL GROUND LEVEL
	Sl. No.
	Distance from PCL
	BS
	IS
	FS
	HI
	RL
	Remarks

	
	
	
	
	
	
	
	

	1
	PCL
	
	
	
	
	
	

	2
	1.20
	
	
	
	
	
	

	3
	2.25
	
	
	
	
	
	

	4
	2.60
	
	
	
	
	
	

	5
	2.60
	
	
	
	
	
	

	6
	4.50
	
	
	
	
	
	

	7
	6.00
	
	
	
	
	
	

	8
	7.50
	
	
	
	
	
	

	9
	9.50
	
	
	
	
	
	

	10
	9.50
	
	
	
	
	
	

	11
	11.00
	
	
	
	
	
	

	12
	12.50
	
	
	
	
	
	

	13
	14.00
	
	
	
	
	
	

	14
	16.00
	
	
	
	
	
	

	15
	18.00
	
	
	
	
	
	

	16
	20.00
	
	
	
	
	
	



For the Contractor





For the Engineer
2.3 EMBANKMENT
SCOPE 
This work shall consist of laying spreading and compacting Embankment layer with approved material in accordance with clause 305 of MOST specification.

MATERIAL
As per clause 305.2 of MOST, the material to be used for construction of embankment shall be satisfying the following requirements

i. The particle size of the coarse material shall not be more than 75mm.

ii. Free swell index of the material shall not be more than 50 percent when tested as per IS: 2720 (Part-40).

iii. Dry unit weight of the material shall not less than 1.52gm/cc and 1.6gm/cc for embankment up to 3m height and embankment exceeding 3m height when tested as per IS: 2720 (Part-8).

iv. Liquid limit shall not be more than 70 percent

v. Plasticity index shall not be more than 45 percent.

MACHINERY
i. Excavator 

ii. End dumpers

iii. Dozer

iv. Grader

v. Water tanker

vi. Vibratory roller of capacity 80-100KN

vii. Survey kit

METHODOLGY
i. The original ground levels shall be taken in both longitudinal and transverse direction at specified intervals

ii. Base shall be prepared by removing all vegetation and foreign matter and original ground should be loosened and compacted in layers to achieve 97 % compaction

iii. Marking shall be done on both sides by fixing the better pegs at regular intervals to its line and length.

iv. The approved material from barrow area shall be transported by means of end dumpers and dumped in the form of heaps

v. Material shall be spread by means of motor grader to its loose thickness and specified grade 

vi. Roots and stumps shall be removes if any while spreading

vii. Moisture content shall be checked before commencing the compaction, if it is less than OMC, water shall be added by sprinkler and if it is more than OMC it shall be dried by aeration and exposure to the sun till to reach the OMC

viii. Rolling shall be carried out from lower edge with 80-100KN vibratory roller till to achieve the required compaction and no tyre impression or drum impression on the surface

ix. Cross fall shall be provided by trimming the side slopes as specified

QUALITY CONTROL

Quality control for the above work shall be as per table 900-3 of MOST.

i. Moisture content shall be checked before compaction for preceding the work 

ii. The compacted surface shall be checked for field density at the frequency of 1 test pr 1000 sq .m. The degree of compaction shall not be less than 95%

iii. The surface shall be checked for levels at 5m/10m intervals longitudinally and transversally and the same shall be with in +20/ -25mm

2.4 SUB GRADE 
SCOPE
This work shall consist of laying spreading and compacting sub grade layer with approved material in accordance with clause 305 of MOST specification.

MATERIAL
As per clause 305.2 of MOST, the material to be used for construction of sub grade shall be satisfying the following requirements 

i. The particle size of the coarse material shall not be more than 50mm

ii. Free swell index of the material shall not be more than 50 percent when tested as per IS: 2720 (Part-40)

iii. Dry unit weight of the material shall not be more than 1.75gm/cc when tested as per IS:2720 (Part-8)

vi. Liquid limit shall not be more than 70 percent

vii. Plasticity index shall not be more than 45 percent.

MACHINERY
i. Excavator 

ii. End dumpers

iii. Dozer

iv. Grader

v. Water tanker

vi. Vibratory roller of capacity 80-100KN

vii. Survey kit

METHODOLGY
i. The embankment top shall be cleaned off if there is any extraneous material. If the surface is dry it should be made wet sprinkling water

ii. The approved material from barrow area shall be transported by means of end dumpers and dumped in the form of heaps

iii. Material shall be spread by means of motor grader to its loose thickness and specified grade

iv. Roots and stumps shall be removed if any while spreading 

v. Moisture content shall be checked before commencing the compaction, if it is less than OMC, water shall be added by sprinkler and if it is more than OMC it shall be dried by aeration and exposure to the sun till to reach the OMC

vi. Rolling shall be carried out from lower edge upper edge with 80-100KN vibratory roller till to achieve the required compaction and no tyre impression or drum impression on the surface.

vii. Cross fall shall be maintained as per the design

QUALITY CONTROL

Quality control for the above work shall as per table 900-3 of MOST

i. Moisture content shall be checked before compaction for preceding the work. The same should be -2 to +1 of OMC

ii. The compacted surface shall be checked for field density at the density at the frequency of 1 test per 500sq. m.

iii. The degree of compaction shall not be less than 97%

iv. The surface shall be checked for levels at 5m/10m longitudinally and transversally and the same shall be with in +20 / -25mm.

2.5 GRANULAR SUB BASE
SCOPE
This work shall consist of laying and compacting well graded material on prepared sub grade in accordance with clause 401 of MOST specification.

MATERIAL
As per clause 401.2 of MOST the material to be used for construction of granular sub base shall satisfy the following requirements 

i. Maximum particle size of the material shall not be more than 75mm

ii. The ten percent fines value shall be 50KN or more than when tested in accordance with BS: 812 (Part-3)

iii. Water absorption value of the coarse aggregate shall not be more than 2% when tested as per IS:2386 (Part-3)

iv. Soaked CBR value should be of minimum 30.

v. Gradation of the material should satisfy the following requirements

	IS Sieve Designation in mm
	Percent by passing the IS Sieve (%)

	75.00
	100

	53.00
	80-100

	26.50
	55-90

	9.50
	35-65

	4.75
	25-55

	2.36
	20-40

	0.425
	10-25

	0.075
	3-10


MACHINERY
i. End dumpers

ii. Motor grader

iii. Vibratory roller of capacity 80-100KN (or) Pneumatic tyre roller of 200-300KN weight

iv. Water tanker 

v. Survey kit

METHODOLOGY

i. The base shall be prepared by removing all vegetation and other extraneous matter, sprinkled the water if necessary and rolled with two passes of 80-100KN smooth wheeled roller

ii. Marking shall be done by fixing the better pegs on both sides at regular intervals to its length and depth

iii. Well graded material shall be transported and dumped at site by means of end dumpers and in the form of heaps

iv. The material shall be spread by means of motor grader to the required slope and grade

v. Water shall be sprinkled uniformly and it should be maintained that the moisture content at the time of compaction is in the range of -2 to +1 percent of OMC.

vi. The material shall be processed by means of mechanical disc harrows and rotavators or ploughed until the layer is uniformly wet

vii. Here is any segregation after spreading the same shall be rectified by spreading fines before rolling

viii. The rolling shall be carried out from lower edge to upper edge with 80-100KN vibratory roller or pneumatic roller of capacity 200-300KN weight having tyre pressure of 0.7 MN/sq. m; and it should be maintain that the speed of the roller should not more than 5km/hr.

ix. Rolling shall be contained until there are no tyre impressions marked on the surface

x. Depressions and high spots shall be rectified by adding or removal of fresh material with proper compaction.

QUALITY CONTROL

Quality control for the above work shall be as per table 900- of MOST
i. The gradation of the material shall be controlled at crusher by making necessary adjustments

ii. The compacted surface shall be checked for field density at the frequency of 1 test per 500 sq. m. The degree of compaction should not be less than 98% when tested as per IS:2720 (Part 8)

iii. The surface shall be checked for levels at 5m/10m intervals longitudinally and transversally and the same shall be with in +/-10mm.

2.6 WET MIX MACADAM
SCOPE

This work shall consist of laying spreading and compacting clean, crushed graded aggregate and granular material, premixed with water to a dense mass on prepared granular sub base in accordance with clause 406 of MOST specification

MATERIAL
As per clause 406.2 of MOST the material to be used for the construction of Wet Mix Macadam (WMM) shall satisfy the following requirements.

i. Aggregate impact value shall not be more than 30%

ii. Combined flakiness and elongation indices shall not be more than 30%

iii. Water absorption value of aggregate shall not be more than 2%

iv. The mix gradation shall satisfy the requirements given in the following table

	IS Sieve Designation (mm)
	Percentage passing (%)

	53.00
	100

	45.00
	95-100

	22.40
	60-80

	11.20
	40-60

	4.75
	25-40

	2.36
	15-30

	600 micro
	8-22

	75 micron
	0-8


MACHINERY
i. Wet mix plant

ii. End dumpers

iii. Motor grader

iv. Paver finisher

v. Smooth wheeled vibratory roller of 80-100KN

vi. Survey kit.

METHODOLOGY
i. Base shall be cleaned off all foreign matter and marking shall be done to its length and breadth.

ii. Wet mix produced from the plant shall be transported to the site by means of end dumpers

iii. If the mix is to be laid by means of paver finisher, string line shall be given at 5m/10m intervals to its gradient

iv. Te paver shall be set to required loose thickness and camber

v. The mix shall be unloaded gently into the paver hopper and paving shall be started uniformly as shown in Fig: 7.3

vi. The levels shall be checked just after paving and after compaction with respect to designed levels. If there is variation in the levels, the same shall be adjusted in further paving 

vii. If the mix is to be laid with motor grader, pegging shall be done on either side of the carriageway at 5m / 10 intervals.

viii. The mix transported to the site shall be dumped at the required intervals and shall be graded to the marked level

ix. If there is any segregation after spreading or paving the same shall be rectified by spreading fines before rolling

x. In either case, the rolling shall be carried out from lower edge with 80 to 100 KN smooth wheeled vibratory roller at a speed not more than 5kn/hour

xi. Rolling shall be continued until there are no tyre impressions or drum impressions on the surface

xii. The surface shall be protected from vehicular movement until covered with asphalt layer

xiii. The surface shall be brushed or broomed to loose dust particles until rough texture is exposed

xiv. The surface shall be primed with approved prime coat material at the rate of 6 of 9 kg/10m2.

QUALITY CONTROL

Quality control for the above work shall as per table 900-3 of MOST

i. The gradation and moisture content of the mix shall be controlled at plant as per the approved design mix

ii. The compacted surface shall be checked for field density at the frequency of 1 test per 500 sq. m. The degree of compaction should not be less than 98%.

iii. The surface shall be checked for levels at 5m/10m intervals longitudinally and transversally and the same shall be with in +/- 10m.

2.7 DENSE BITUMINOUS MACADAM
SCOPE
This work consists of laying spreading and compacting the approved bituminous mix in accordance with clause 507 of MOST 

MATERIAL

As per clause 507.2 of MOST, The material to be used for construction of dense bituminous macadam shall be satisfying the following requirements

i. Paving bitumen of grade 60/70 shall be used generally; if it is not available 80/100 shall be used upon approval of the engineer

ii. Coarse aggregate shall be of clean, strong, durable, cubical shape and free from other deleterious matter and adherent coating

iii. Los Angels Abrasion value shall not be more than 40% when tested as per IS: 2386 (Part-4)

iv. Aggregate Impact value shall not more than 30% when tested as per IS: 2386 (Part-4)

v. Flakiness and Elongation Indices shall not be more than 30% when tested as per IS: 2386 (Part-I)

vi. Stripping value of bitumen aggregate mixtures shall be of minimum retained coating 95% when tested as per AASHTO T 182.

vii. Water absorption of the aggregate shall not be more than 2% when tested as per IS: 2386 (Part-5)

viii. Plasticity index of the filter shall not be greater than 4

ix. The filter shall be graded with in following limits

	IS Sieve 
	Percent passing

	600 micron
	100

	300 micron
	95-100

	75 micron 
	85-100


x. The aggregate gradation shall be satisfy the following limits

	Sieve Designation
	Percent passing

	37.5mm
	100

	26.5mm
	90-100

	13.2mm
	56-80

	4.75mm
	29-59

	2.36mm
	19-45

	300 micron
	5-17

	75 micron
	1-7


MACHINERY
i. Hot mix plant of suitable capacity (Batch Mix Type)

ii. End dumpers

iii. Pavers finisher with sensor

iv. Vibratory rollers of capacity 80-100KN static weight or pneumatic tyre roller of capacity 150-250KN weight.

v. Survey kit

vi. Bitumen sprayer

vii. Air compressor

viii. Water tanker

METHODOLOGY
i. The base shall be thoroughly swept clean free from dust and foreign matter by mean of mechanical broom and compressed air.

ii. Making shall be done by adjusting paver sensor to its lines grades and cross sections 

iii. Tack coat shall be applied over the prepared base by using approved cutback to the required quantity

iv. Mix produced from the hot mix plant shall be transported to the site by means of end dumpers

v. The mix shall be unloaded gently in to the paver hoper and paving shall be started uniformly as shown in the figure 8.4.

vi. The levels shall be checked before paving and after compaction with respect to the designed levels. If there is any variation in the levels, the same shall be adjusted in further paving

vii. Initial or break down rolling shall be carried out immediately following close to the paver in longitudinal direction from the lower edge to upper edge with 80-100KN static weight of smooth wheeled roller. The speed of the roller shall be maintained not more than 5Km/hour.

viii. Intermediate rolling shall be done with 80-100KN static weight of vibratory roller or with a pneumatic tyre roller of 150-250KN weight having tyre pressure of at least 0.7 Mpa; and it should be continued till the compaction achieved is at least 98%

ix. Traffic shall be allowed after completion of the final rolling when the mix has cooled down to the surrounding temperature.

QUALITY CONTROL
Quality control for the above work shall be as per table 900-3 of MOST

i. The application of track coat shall be checked as per the following table 

	Type of surface
	Quantity /10sq. m

	1. Normal bituminous surface
	2.0-2.5

	2. Dry and hungry bituminous surface
	2.5-3.0

	3. Granular surface treated with primer
	2.5-3.0

	4. Non bituminous surface

a). Granular base (not primed)

b). Cement concrete payment
	3.5-4.0

3.0-3.5


ii. The gradation of the mix shall be controlled at plant as per the approved designed mix

iii. Mix temperature shall be controlled at plant with in the range of 150-1630C and the temperature less than 1200C shall not be used for paving

iv. The compacted surface shall be checked for field density cores at the frequency of 1 test for 250sq. m. The degree of compaction should not be less than 98%

v. The surface shall be checked for levels at 5m intervals longitudinally and transversally and the same shall be with in +/- 6mm.

2.8 BITUMINOUS CONCRETE

SCOPE

This work shall consists constructing in single layer of bituminous concrete on previously prepared bituminous course to the required thickness in accordance with clause 512 of MOST clause.

MATERIAL

As per clause 512.2 of MOST, The material to be used for construction of bituminous concrete shall be satisfying the following requirements.

i. Paying bitumen of grade 601/70 shall be used generally; if it is not available 80/100 shall be used upon approval of the engineer as per IS: 73.

ii. Coarse aggregates shall be of clean, strong, Durable, cubical, shape and free from other deleterious matter and adherent coating.

iii. Los Angeles Abrasion value shall not be more than 40% when test as per IS: 2386 (Part-4).

iv. Aggregate impact value shall not be more than 30% when tested as per IS; 2386           (Part-4).

v. Flakiness and Elongation Indices shall not be more than 30% when tested as per IS: 2386 (Part-1).

vi. Stripping value of bitumen aggregate mixture shall be of minimum retained coating 95% when test as per AASHOT 182.

vii. Water absorption of the aggregates shall not be more than 1% when test as per IS; 2386 (Part-5).

viii. Plasticity index of the filler shall not be greater than 4.

ix. The stone polishing value of aggregates shall not be less than 55 when tested as per BS; 812 (Part-114).

x. The filler shall be graded with in the following limits.

	IS Sieve 
	Percent passing by weight

	600 micron
	100

	300 micron
	95-100

	75 micron
	85-100


xi. 
The aggregate gradation shall be satisfy the following limits

	Sieve Designation
	Percent Passing the sieve by weight

	26.5mm
	100

	19.0mm
	90-100

	9.5mm
	56-80

	4.75mm
	35-65

	2.36mm
	23-49

	300 micron
	5-19

	75micron
	2-8


MACHINERY

i. Hot Mix Plant

ii. End dumpers

iii. Paver finisher
iv. Vibratory roller of capacity 80-100KN static weight or pneumatic tyred roller of capacity 150-250KN weight.

v. Survey kit.

vi. Bitumen sprayer

vii. Air compressor

viii. Water tanker

METHODOLOGY

i. The base shall be thoroughly swept clean free from dust and foreign matter by means of mechanical broom and compressed air.

ii. Marking shall be done by adjusting paver sensor to its lines, grades and cross section.

iii. Tack coat shall be applied over the prepared base by using approved cutback to the required quantity.

iv. Mix produced from the hot mix plant shall be transported to the site by means of end dumper.

v. The mix shall be unloaded gently into the paver hoper and paving shall be started uniformly as shown in the ig.9.4.

vi. The level shall be checked before paving and after compaction with respect to the designed levels. If there in the levels the same shall be made to good.

vii. Initial or break down rolling shall be carried out immediately following close to the paver in longitudinal direction from lower edge to upper edge with 80-100KN static weight of smooth wheeled roller. The speed of the roller shall be maintained not more than 5 KM/hr.

viii. Intermediate rolling shall be done with 80-100KN static weight of vibratory roller or with a pneumatic tyre roller of 150-250KN weight having tyre pressure of at least 0.7 Mpa; and it should be continued take the compaction achieved is at least 98%/

ix. Traffic shall be allowed after completion of the final rolling when the mix has cooled down to the surrounding temperature.

QUALITY CONTROL

Quality control for the above work shall be as per table 900-3 of MOST.

i. The gradation of the mix shall be controlled at plant as per the approved designed mix.

ii. Mix temperature shall be controlled at plant with in the range of 150/163oC and the temperature less than 120oC shall not be used for paving.

iii. The compacted surface shall be checked for filed density by taking cores at the frequency of 1 test for 250 sq. m. The degree of compaction should not be less than 98%.

iv. The surface shall be checked for levels at 5m intervals longitudinally and transversely and the same shall be with in ± 6mm.

2.9 HARD SHOULDERS

SCOPE

The work shall consist of constructing hard shoulder or either side of the pavement as per the lines, grades and cross-section in accordance with clause 407 of MOST.

MATERIAL

As per MOST clause 305 and 401, the material to be used for construction of shoulder shall be satisfying the following requirements.

i. The particle size of the coarse material shall not be more than 50mm.

ii. Free swell index of the material shall not be more than 50% when tested as per IS: 2720 (Part-40).

iii. Dry unit weight of the material shall not be less than 1.75gm/cc when tested as per IS: 2720 (Part-8).

iv. Liquid limit shall not be more than 70 percent.

v. Plasticity index shall not be more than 45% percent.

MACHINERY

i. Excavator

ii. End dumpers

iii. Dozer

iv. Grader

v. Water tanker

vi. Vibratory roller of capacity 800-100KN and survey kit

METHODOLOGY

i. The base shall be prepared be prepared properly cleaning of all vegetation and foreign matter if any.

ii. Approved Material of shoulder shall be dumped by means of trunks in the form of heaps.

iii. The material shall be spread by means of motor grader to its lines and length of the shoulder portion.

iv. Rolling shall be carried out till required compaction.

QUALITY CONTROL

Quality control for the above work shall be as per table 900-3 of MOST

i. Moisture content shall be checked before the compaction of preceding the work

ii. The compacted surface shall be checked for filled density at he frequency of 1 test per 500sq. m

iii. The degree of compaction shall not be less than 97%

iv. The surface shall be checked for levels at 5m/10m intervals longitudinally and transversally and the same shall be with in +20 / -25mm

2.10 TURFING ON EMBANKMENT SLOPES
SCOPE

This work shall consist of furnishing and laying of the live sod of perennial turf forming grass on embankment slopes in accordance with clause 307 of MOST.

MATERIAL

As per clause307.2 of MOST the material to be used for turfing shall be satisfied the following requirements

i. The material shall consist of dense, well rooted growth of permanent desirable grasses indigenous to the locality where it to be used 

ii. Approximately length of the grass on the sod shall be 50mm at the time of cutting 

iii. Thickness of the sod shall be of 50-80mm thick

MACHINERY

i. Excavator 

ii. Water tanker 

iii. Tamping rod 

METHODOLOGY

i. The base should be sodded shall be prepared to the required slopes and cross section and it should free of all stones larger than 50mm size, sticks, stems, and any undesirable foreign matter.

ii. The strips of the sod shall be laid starting from bottom to upwards

iii. The sod shall be placed on repaired wet base before 24 hours after the same had been cut 

iv. Individual sod strips shall be laid edge to edge and these should be tamped with suitable wooden or metal tamper.

v. The surface shall be cleaned of loose sod, excess soil and other foreign material and the area thoroughly moistened by sprinkle the water

vi. Watering shall be so done for a period of at least four weeks after laying to avoid erosion

QUALITY CONTROL

Surface shall be checked for slope and grades as per the drawing 

211 MEDIAN FILLING AND PLANTATION

SCOPE

The work shall consist of constructing median in the rod dividing the carriage way into separate lanes in accordance with clause 407 of MOST.

MATERIALS

As per clause 305.2 and 307.2, the material to be used for construction of median shall be satisfying the following requirements.

i. The particles size of the coarse material shall not be more than 50mm.

ii. Free swell index of the material shall not the more than 50% when tested as per IS: 2720 (Part-40).

iii. Dry unit weight of the material shall not less than 1.75gm/cc when tested as per IS: 2720 (Part-8).

iv. Liquid limit shall not be more than 70%.

v. Plasticity index shall not be more than 45%.

MACHINERY

i. Concrete batching plant 

ii. Transit mixers 

iii. Kerb laying machine 

iv. End dumpers 

v. Dozer

vi. Compacted tools like plate vibrator

vii. Water tanker

viii. Roller

METHODOLOGY

KERB CASTING

i. Base shall be thoroughly cleaned of all foreign matter if any.

ii. After completion of first layer of the DBM, the Kerb laying machine shall be set to the alignment and levels as per road design.

iii. Concrete mix prepared at batching plant shall be transported by means of transit mixers and the same mix is unloaded gently into the machine hoper.

iv. Proper vibration shall be given to the concrete to avoid honey combs and for better finishing 

v. Curing compound shall be applied quickly for curing purpose.

vi. After setting the concrete saw cut grooves should be provided through out the length at 5m intervals.

vii. Median kerb shall be closed wherever the junction points.

MEDIAN FILLING

i. The approved borrow material shall be transported by means end dumper and it should be dumped in the confined area.

ii. Care shall be taken while dumping the soil in median to not to on the pavement

iii. Dumping material shall be leveled to the specified height by means of motor grader.

PLANTATION

i. Plantation shall be carried out in the median portion with specified plants at specified intervals.

ii. All vegetation surrounding the plant cut and removed.

iii. Watering shall be done periodically for plants as mention in specification.

QUALITY CONTROL

Quality control of the above work shall be as per table 900-333 of MOST.

i. Slump of the concrete mix shall be controlled at batching plant.

ii. Concrete cube casting shall be done for testing of 7 and 28 days.

iii. Filling material shall be checked against suitability of plantation.

iv. Frequency of watering shall be checked until the plant growth.

2.12 MEDIAN DRAINS

SCOPE

This works shall consists of construction of drains / chutes in the median portion

MATERIAL

The properties of material shall be explained in chapter 3.1.

MACHINERY

i. Saw cutting machine 

ii. Transit mixture

iii. Water tank

iv. Vibrators

METHODOLOGY

i. Kerb shall be cut into the required size by means of saw cut machine at specified place where the in super elevation portions

ii. Filling material shall be removed longitudinally and transversally to the required depth and width in the median portion depending on type of drain provided at the particular place 

iii. Approved concrete shall be transported by means of transit mixers and it should be laid for leveling coarse on compacted surfaces to the required thickness and alignment

iv. vibration shall be carried out while concreting with the help of plate vibrators

v. Side shuttering shall be arranged properly for walls to the line and length 

vi. Concreting shall be done for walls with proper vibration with the help of needle vibrators

vii. The joint between the drain wall and kerb shall be made properly

viii. Curing shall be carried out properly

QUALITY CONTROL

i. Lines and levels shall be checked as per drawing before and after concreting

ii. Slumps shall be controlled as plant to the required as per design mix.

iii. Slumps shall be checked as site frequently.

iv. Casting of concrete cubes shall be checked as per following frequency

	Qty. in cu. m
	No of samples

	1-5
	1

	6-15
	2

	16-30
	3

	31-50
	4

	51 and Above
	4 + one additional sample for each 50 cu. m


2.13 TOE DRAINS
SCOPE

The work shall consists of constructing surface or sub surface drains to the lines, grades, and dimensions as per the drawing in accordance with clause 309 of MOST.

MATERIALS

As per clause 309.3.2 of MOST, the material to be used for constructing sub surface drains shall be satisfying the following requirement.

i. Pipe shall not be less than 100mm.

ii. Gradation of the back filling material shall satisfy the following requirements.

	Sieve Designation
	Percent passing class-I
	Percent passing Class-II
	Percent passing Class-III

	53mm
	
	
	100

	45mm
	
	
	97-100

	26.5mm
	
	100
	

	22.4mm
	
	95-100
	58-100

	11.2mm
	100
	48-100
	20-60

	5.6mm
	92-100
	28-54
	4-32

	2.8mm
	83-100
	20-35
	0-10

	1.4mm
	59-96
	
	0-5

	710 micron
	35-80
	6-18
	

	355 micron
	14-40
	2-9
	

	180 micron
	3-15
	
	

	90 micron
	0-5
	0-4
	0-3


Note:

· Class –I grading shall be used for fine grained type soil (e.g., Silt, clay or a mixture thereof)

· Class –II grading shall be used for coarse silt to medium sand or sdy type soil

· Class – III grading shall be used for gravelly sand type

MACHINERY

i. Excavator 

ii. End dumpers

iii. Survey kit

METHODOLOGY
i. Original ground levels shall be taken on both sides of the road along the toe to the required width.

ii. Lines and levels shall be marked along the as specified in the drawing 

iii. Diversion shall be made if necessary for the existing drain

iv. Excavation shall be carried out to the specified grade from the outer end of the drain and proceed towards the upper end and the excavated material should be removed from the drain area

v. Excavated trench shall be dressed properly to the specified dimensions, lines and slopes

vi. In case of sub surface drains, back filling material shall be laid in excavated trench to a minimum thickness of 150mm with longitudinal slope of 1 in 100 and it should be compacted properly

vii. Pipes shall be joined to its alignment with appropriate coupling or bands 

viii. Back filling shall be done around the pipe with each layer of 150mm and it should be compacted properly

ix. Back filling material shall be placed over the pipe to a minimum thickness of 300mm

x. Drains shall be lined or turfed with approved material at the specified locations

xi. In case of concrete drains, it should be carried out as per the approved drawing

QUALITY CONTROL
Quality control for the above shall be as per table 900-3 of MOST

i. Existing soil shall be checked for confirmation of type of the soil

ii. Gradation shall be checked for back filling material for that particular soil

iii. Levels and slopes shall be checked before and while placing the pipes

iv. Compaction shall be checked for the back filled area.

2.14 ROAD FURNITURE
SCOPE
This work shall consist of furnishing and erection of metal beam crash barrier in accordance with clause 810 of MOST.

GENERAL

Metal beam crash barrier shall generally be located on approaches to bridge structures, at locations where the embankment height is more than 3.0m and at horizontal curves

MATERIALS

As per clause 810.2, the material to be used for construction of metal beam crash barrier shall be satisfying the following requirements.

i. Metal beam rails shall be corrugated sheet steel beams and all complete steel rail elements, terminal sections, posts, bolts, nuts, hardware and other steel fittings shall be galvanized.

ii. All elements of the railings shall be free from abrasions, rough or sharp edges and shall not be kinked, twisted or bent

iii. Bolts, nuts and washers shall be as per IS: 1367 and IS: 1364

iv. Concrete of approved grade

MACHINERY
i. Movable crane

ii. Tipper

METHODOLOGY
i. Pits shall be prepared to the depth indicated on the drawing and vertical posts shall be erected in proper position without distortion or any other damage

ii. Pits shall be back filled with selected stable material in layers not exceeding 100mm thickness and each layer shall be thoroughly tamped

iii. If the post holes are drilled in rocky area anchor posts shall be backfilled with approved concrete

iv. The line and grade of railing shall be set to the true as specified in the drawing

v. Guardrail anchors shall be set and attached to the post properly

vi. Bolts or clips used for fastening the guardrail or fittings to the posts shall be tied properly

vii. Paint shall be applied to the posts and guardrails as specified, and three coats of red lead paint shall be applied for assembly below ground level.

viii. All railings shall be erected and adjusted so that the longitudinal tension will be uniform through out the entire length of the rail

QUALITY CONTROL
i. All sections shall be checked against galvanization 

ii. Vertical posts shall be checked against vertically in a length of 3m with a tolerance not exceeding 6mm.

iii. All materials shall be got tested as per the relevant specification

2.14.2 ORNMENTAL GRILL FENCING
SCOPE

The work comprises of fixing mild steel (MS) posts and providing barbed wire fencing including necessary stays and entry gates in accordance with clause 807 of MOST.

MATERIAL
As per MOST clause 807.2, the material shall be satisfy the following requirements

i. M.S posts shall be conforming to IS: 226

ii. Painting shall be confirmed to section 1900 of MOST

iii. Entry gates shall be made of M.S. rods

MACHINERY
i. Tippers

METHODOLOGY
i. Alignment and marking shall be fixing as specified in the drawing

ii. MS posts and barbed wire shall be erected to the specified dimensions with applying of paint suitably.

iii. Excavation shall be carried out for pits in appropriate places to lay the foundation concrete for MS posts

iv. MS posts shall be placed in position and it should be embedded in concrete to the specified depth 

v. The grill formed by barbed wire shall be attached to the MS posts as per the drawing

vi. Entry gates shall be provided at specified locations wherever necessary

QUALITY CONTROL
i. Verticality and alignment should be checked for vertical posts

ii. Application of paint shall be checked for both posts and barbed wire.

2.1.4.3 SIGN B OARDS

SCOPE

The work shall consist of supplying and fixing of traffic signs roadway, indicators, hazard markers and object markers in accordance with the code of practice for road signs IRC: 67

MATERIALS

As per clause 801.2 of MOST, the materials to be used for traffic sings shall be satisfy the following requirements.

i. Concrete shall be of specified grads as per the drawing.

ii. Reinforcing steel shall be conforming to the requirement of IS; 1786

iii. Bolts, nuts and washers shall be conforming to the requirement of IS: 1786

iv. Plates and support sections for the sign posts shall be conforming to IS: 1364.

v. Aluminum sheets used for sign boards shall be of smooth hard and corrosion resistant aluminum alloy conforming to IS: 736-material designation 24345or1900.

MACHINERY

i.
Tipper

ii.
Survey kit 

iii.
Welding set

METHODOLOGY

i.
Surface to be refectories shall be effectively prepared to receive to the retro-reflective sheeting.

ii. The aluminum sheeting shall be de-greased either by acid or alkaline etching and al dust removed to obtain a smooth plain surface before the application of retro-reflective sheeting
iii. Sign posts and the foundation shall be constructed with specified concrete grade to hold these in a proper and a permanent position against the normal storm wind loads or displacements.
iv.
Post ends shall be firmly fixed to the ground by means of properly designed foundation.

v.
All components of signs and supports others than reflective portion and G.I posts shall be thoroughly cleaned primed and painted with two coats of epoxy paint.

vi.
Mild steel posts below ground levels shall be painted with three of red lead paint.

vii.
The signs shall be fixed to the posts by welding in the case of steel post and be bolts and washers of suitable size in the case of reinforced concrete or galvanized (GI) post...

2.14.4 KILOMETER STONES 
SCOPE

The work covers the supply, painting lettering and fixing of distance measurement stones and shall include Hectometer stones kilometer stones and 5th kilometer stones in accordance with clause 804of MOST

MATERIAL

As per IRC: 8-1980”Type designs for Highways kilometer stones”, the material to be used for constructing of kilometer stones shall any of the following.
i.
Local available stones

ii.
Pre caste concrete.

MACHINERY

i.
Tippers 

ii.
Survey kit 

iii.
Transit mixer.

METHODOLOGY

i. Kilometer stones shall be made of locally available material, such as hard stones cement concrete, etc as specified in the drawing.
ii. Casing of kilometer stones by pre-cast method shall be as per specified shape and dimensions with approved concrete.
iii. Stone should be dressed properly to the required shape, if natural hard stones are used.
iv. Painting shall be done to the required size, shape and spacing of letters / numbers as specified in IRC 8-1D980
v. White paint shall be applied for background color and for letters / numbers and for names of stations and distance shall be with black paint.
vi. The semicircular portion shall be painted with canary yellow (IS shade 309).
vii. Foundation concrete shall be laid to the required depth for kilometer stones on left side of the road at appropriate places.
viii. Kilometer stones shall be fixed on foundation at right angles to the centerline of the carriageway.  

QUALITY CONTROL

i.
Casing with concrete or dressing of local stones shall be checked for shape and size.

ii.
Alignment shall be checked accordance with road alignment

iii.
Application of paint shall be checked as per specification.

2.14.5 ROAD MAKING

SCOPE

The colour, width and layout of the road marking shall be in accordance with the code of practices for the road marking with paints IRC;35

MATERIALS

As per the clause 803.2 of MOST, the material to be used for road markings shall be satisfying the following g requirement.

i.
Ordinary road marking shall be conforming to grade-1 as per IS; 164

ii.
Hot applied thermostatic compound color of white or yellow as specified in the drawing as per IS; 356

iii.
Reflector sing glass beads shall haves a true a spheres of 70% minimum when tested as per BS 6088 and BS (part-ii).

iv.
The glass beads shall have refractive index of 1.50 minimum.

v.
The glass beads shall be of gradation as per following.

	Sieve size
	% Retained

	1.18mm
	-

	850 micron
	0 – 5

	600 micron
	5 – 20

	425 micron
	-

	300 micron
	30 – 75

	180 micron
	10 – 30

	Below 180 micro
	0 – 15


MACHINARY

i.
Road marking machine 

ii.
Air compressors.

METHODOLOGY

i.
The surface to be marked shall be thoroughly cleaned off all dust, dirt grease oil and all other foreign matter before application of the paint.

ii.
 Marking shall be done to the required line and length.

iii.
 Thermostatic paint shall be heated to the required temperature and it should be applied on road surfaces along with glass beads.

iv.
 The rate of application of glass beads shall be of 250gr/sq.m.

v.
  The finished line shall be frees from ruggedness sides, ends and parallel to the general alignment of the carriageway

vi.
 The upper surface of the line shall be level uniform and free from streaks.

QUALITY CONTROL

i.
The pavement temperature shall not be less then 100c during applications

ii.
Check the gradations of the glass beads satisfying the requirements.

iii.
Check the rate of applications of glass beads is satisfying 250gr/sq.m.

iv.
Check the thickness of the layer is not less than 2.5mm when tested in accordance with appendices Band C of BS—3262(part-3).
3. CONSTRUCTION OF BRIDGES

3.1 MATERIALS.

As per clause 1000 of MOST, the material to be used for constructions of well foundations shall be satisfying tying the following requirements.

i.
Cement conforming to IS: 8112 shall be used only after ensuring that the minimum required design strength can be achieved without exceeding the maximum permissible cement content of 540kg/cu.m.

ii.
Steel shall be to corrosives resistances 

iii.
Super-plastic shall be conforming to IS: 9103

iv. Water shall be following permissible limits when tested in accordance with Is:3025 
	Solid
	Permissible limits (mix)

	Organic
	200 mg/lit

	Inorganic
	3000 mg/lit

	Sulphate (so4)
	500 mg/lit

	Chlorides(CI)
	500 mg/lit

	Suspended matter
	2000 mg/lit


v.
Coarse aggregate having positives alkali silica reaction shall not be used and it should be conforming to IS;383 and Is :2386 (parts I-v III)

vi.
Flakiness and elongation indices of coarse aggregate shall not be more than 25%

vii.
Aggregate impact valves shall not be more than 30%.
viii.
Gradation of the coarse aggregate shall be satisfying the following requirements.

	IS Sieve size
	Passing                           IS Sieve 40mm
	Passing                           IS Sieve 20mm
	Passing                           IS Sieve 12.5mm

	63mm
	100
	-
	-

	40mm
	95-100
	100
	-

	20mm
	30-70
	95-100
	100

	12.5mm
	-
	-
	90-100

	10mm
	10-35
	25-55
	40-85

	4.75mm
	0-5
	0-10
	0-10


ix. Fineness modulus of the coarse aggregate shall neither be less than 2.0 nor greater than 3.5.

x. Gradation of the fine aggregate shall be satisfying the following requirements

	IS Sieve size
	Passing % by wt Zone-I
	Passing % by wt Zone-II
	Passing % by wt Zone-III

	10mm
	100
	100
	100

	4.75mm
	90-100
	90-100
	90-100

	2.36mm
	60-95
	75-100
	85-100

	1.18mm
	30-70
	55-90
	75-100

	600mm
	15-34
	35-59
	60-79

	300mm
	5-20
	8-30
	12-40

	150mm
	0-10
	0-10
	0-10


3.2 SOIL INVESTIGATION
SCOPE

This work shall consist of obtaining soil samples and performing in situ field tests at various depths below ground level and laboratory testing on selected soil samples:

EQUIPMENTS

i. Rotary drillings rigs

ii. Tungsten drag bit / Core bit 

iii. Casting pipe of 100mm for borehole

iv. Water tank

v. Pulley

vi. Pump

vii. Hose

METHODOLOGY
i. Proposed borehole location shall be marked based on proposed co-ordinates from the approved drawing.

ii. The marked locations shall be verified and adjusted accordingly to avoid any site obstructions such as existing drains, sumps and traffic lights, etc.,

iii. Boring machine shall be set properly so as no obstruction shall commence during drilling and sampling.

iv. Drilling of borehole shall be carried out using drilling rigs with water as the flushing medium.

v. Borehole shall be washed out completely before collecting the samples.

vi. Nominal diameter of 100mm pipes shall be used for borehole casing to support unstable borehole wall from collapsing.

vii. SPT N-Values and type of soil shall be noted in a field observation for thickness as specified by the Engineer.

viii. Undisturbed samples shall be performed at every change of stratum or at specified depth by the Engineer.

ix. Disturbed samples shall be placed in durable plastic containers of at least 50cm3 and labeled immediately in all respects for each sampling

x. Undisturbed samples shall be trimmed to about 25mm at bottom and sealed with molten paraffin wax at both ends to make them air-tight.

xi. Generally, Soil investigation work will carried out up to 1.5 times the least lateral dimension of the foundation.

3.3 OPEN FOUNDATION
SCOPE

The work shall consist of construction of open foundation for minor bridges as per clause 2100 of MOST.
MACHINERY

i. Excavator

ii. Dozer

iii. Generator

iv. End Dumpers

v. Concrete batching plant

vi. Transit mixers

vii. Concrete pump

viii. Needle vibrators

ix. Gas welding tools

x. Water tanker

METHODOLOGY
SETTING OUT
i. Reference points shall be fixed to mark at X-X axis (usually traffic direction) and Y-Y axis (normal to X-X axis) accurately with the help of electronic theodolite.

ii. Temporary benchmark shall be established near the bridge and it should be checked regularly with respect to the permanent benchmark

iii. The limits of excavation shall be marked on original ground to the line and length as per the drawing

OGL’s
i. The original ground levels shall be taken on center line and either side of the center line of the bridge location to the required width and length.

ii. The number of rows to be taken is depending on width of the bridge as per drawing.

EXCAVATION

i. Excavation shall be carried out with excavator to the required level, length and width and the excavated soil shall be removed by loading in to the end dumpers

ii. The excavated portion shall be cleaned, dressed properly if there is any slushy material

SAND FILLING
i. Fine to coarse sand shall be laid to the width, length and thickness as specified in the drawing.

ii. The sand layer should be compacted properly with plate vibrators.

LEVELING COARSE
i. The shuttering shall be thoroughly cleaned, aligned and marked to the required thickness as per drawing.

ii. The concrete of approved mix shall be laid on wet sand and compacted with vibrators to required level.

RAFT
i. Reinforcing steel shall be bent to the dimensions and shapes as shown in the approved bar bending schedules and it should be placed accurately in the position on leveling coarse.

ii. The bars, crossing one another shall be tied together at every intersection with binding wire to make the skeleton of the reinforcement rigid such that the reinforcement does not get displac3ed during placing of concrete.

iii. Greased shutters shall be aligned, fixed and marked properly to the required thickness and concrete of approved mix shall be laid properly.

iv. De-shuttering shall be carried out after setting the concrete and proper curing shall be carried out for sufficient period.

ABUTMENT FOOTINGS
i. Skin reinforcement shall be tied with reference to the centerline of the bridge with proper cover through out the length.

ii. Beading shall be done properly for gaps between the shutters.

iii. Approved mix of specified concrete shall be laid in layer by layer with proper compaction by using needle vibrators.

3.4 SUB STRUCTURE

3.4.1 ABUTMENTS / PIERS

Methodology

i. The surface of the well cap shall be scrapped with wire brush and shall remove all loose material around reinforcement

ii. Reinforcing bars shall be tied at specified spacing and shutter plates shall be arranged to the size and shape as per the drawing.

iii. Concrete shall be laid layer by layer with proper vibration up to the top-level markings.

iv. Weep holes shall be provided at specified intervals for abutments.

v. Abutment / pier cap shall be cast to the line and length as per drawing.

vi. It is advisable to cast pier or abutment element as single piece.
3.4.2 PEDESTALS & BEARINGS

i. Marking shall be done for pedestals with the help of design co-ordinates.

ii. Reinforcement shall be bend and fixed as per the approved schedule.

iii. Shuttering shall be arranged properly to the required shape and size and top level marking shall be done as per the drawing.

iv. Approved concrete mix shall be laid with proper vibration.

v. After setting the concrete and before beams concreting bearings of approved size shall be placed in position.

vi. Expansion joint shall be provided surrounding the bearings between beams and pedestals

3.4.3 WING /RETURN WALLS

i. The work may be started along the constructions of the bridge or individually depending upon the site condition.

ii. Excavation shall be carried out for the wing/ return walls to the line, length and depth as per the approved drawing without disturbing the existing structure.

iii. Fine to coarse sand shall be laid to the width, length and thickness as specified in the drawing.

iv. The sand layer should be compacted properly with plate vibrators.

v. The shuttering shall be thoroughly cleaned, aligned and marked to the required thickness as per drawing.

vi. Concrete mix shall be transported from batching plant to the site by means of transit mixers, and the same shall be laid on compacted wet and compacted properly with plate vibrators.

vii. Approved grade of concrete shall be laid lift by lift with proper vibration.

3.4.4 BACK FILLING BEHIND THE STRUCTURES
MATERIAL

As per clause 2504.2.2, the material to be used for back filling with filter media shall be satisfying the following requirements.

i. Angle of internal friction shall be of 350
ii. Cohesion is equal to zero

iii. Dry density shall not be less than 1.8g/cc

iv. Filter media shall be like as follows

· D15 (filter) / D85 (base) shall be less than 5.

· D15 (filter) / D15 (base) shall be greater than 4 and less than 20

· D50 (filter) / D50 (base) shall be less than 25.

MACHINERY
i. End dumpers

ii. Compacting tools

METHODOLOGY
i. The base to be back filled shall be cleaned off if there is any extraneous material to its length and width and it should be marked to the lines and length as per drawing.

ii. Filter media material shall be transported by means of end dumpers to the site and it should be laid and compacted to the specified thickness not more than 250mm

iii. Sand shall be laid adjacently layer by layer to the filter media and it should be compacted at optimum moisture content (OMC) by means of plate compacter or vibratory roller

iv. Compaction shall be continued till the density achieved is at least 98 percent.

QUALITY CONTROL
Quality control for the above work shall be as per table 900-3 of MOST

i. Material shall be checked before commencing of the work

ii. Moisture content shall be checked before compaction.

iii. The compacted surface shall be checked for field density, the degree of compaction shall not be less than 98%.

3.5 SUPER STRUCTURE

3.5.1 GIRDERS CASTING


If there is no proper base for centering to cast the girders in place or Span of the bridge is more or pre stressing girders are designed, then girders will be casted at the yard and will be launched in place with appropriate machinery.

i. The base shall be finish, preferably concrete platform before casting girder.

ii. Railings or Gantry girders shall be installed to place the girders after casting to stock these aside properly.

iii. Formwork, ties and other necessary supports shall be deigned to withstand the self-weight of the girder.

iv. Reinforcement, which is free from rust, shall be scheduled as per drawing.

v. Proper cover shall be cleaned and casted with form releasing agent.

vi. Formwork work shall be ensured in all directions

vii. Formwork shall be fixed with necessary supports.

viii. Concrete of approved grade shall be poured in the form of layers of not exceeding 450mm and vibrated properly.

ix. Concreting shall be continued until completion of girder up to the specified level.

x. In case of pre stressed girders, pre stressing shall be given with approved to the designed level.

xi. Proper curing arrangements provided to ensure continuous curing up to the specified period.

xii. In case of post tensioned girders, helical ducts shall be provided in the reinforcement at the designed profile, stressing shall be given after concrete has achieved required strength.

xiii. Date of casting girder number and quality check status shall be written on each girder before lifting.

xiv. If the yard is far launching place the girder shall be transported safely with specially equipped trally to the launching place.

xv. If the yard is nearby the launching place, the same shall be tied with appropriate machinery to the launching spot.

xvi. If the girders are to be launched from water, the same shall be transported and can be lifted with hydraulic jacks to fit in place.

xvii. The girders can be lifted and kept in place with the help of crane as shown in fig: 3.6.14.

3.5.2 DECK SLAB
i. Designed formwork shall be kept on leveled firm ground and packing should be done to the gaps between shutter plates properly.

ii. Reinforcement shall be fixed and aligned as per bar bending schedule

iii. Side shuttering shall be placed and these should be marked properly as per drawing.

iv. Dust and all foreign matter present on shutter plates shall be cleaned off before placing the concreting.

v. Cement slurry shall be poured through out the surface before concreting

vi. Concrete shall be laid in one continuous operation with proper compaction to the required level

vii. Care shall be taken while pouring the concrete to not develop any cold joint.

viii. Continuous curing shall be done by ponding.

3.5.3 APPROACH SLABS
i. Back filling material shall be compacted layer-by layer while compacting the adjacent layers such as embankment, sub-grade, GSB, WMM etc.

ii. Surface shall be cleaned of all foreign matter if any

iii. Approved concrete shall be laid on compacted surface for leveling coarse to the required line and length with proper compaction by plate vibrators.

iv. Reinforcement material shall be placed as per the drawing and specified grade of concrete shall be laid in one continuous operation with the help of needle vibrators.

v. Curing shall be carried out continuously by ponding

3.5.4 MASTIC ASPHALT

MATERIAL
i. Lime powder

ii. Bitumen

iii. Stone dust

MACHINERY
i. Batching & Mixing equipment

ii. Standard weights

iii. Track coat sprayer

iv. Air compressor

v. Tipper

METHODOLOGY

i. Surface shall be cleaned of all foreign matter and dust by the air compressor 

ii. Track coat shall be applied as per the requirement

iii. Bitumen shall be heated to the required temperature and the material of stone dust and lime water shall be mixed with bitumen as per the approved design mix

iv. Prepared mix shall be laid on the surface to the specified thickness.

3.5.5 WEARING COAT
Material, machinery and methodology for laying of wearing coat with bituminous concrete shall be same as mentioned in chapter 2.8.

3.6 QUALITY CONTROL FOR THE CONCRETE WORK
Quality control for the concrete work shall be as per table 900-3 of MOST.

i. Lines and levels shall be checked as per the drawing before and after concreting

ii. Slump shall be controlled at plant to the required level as per design mix 

iii. Slump shall be checked at site frequently.

iv. Super-plastisisers shall be added necessary to the concrete for better workability

v. Sufficient number of cubes shall be cast, de mould and kept in water tank in every stage of concreting.

vi. Proper curing arrangements shall be provided for every stage of work

vii. All materials like aggregate, cement, water etc., shall be checked for major concreting work

viii. Casting of concrete cubes shall be checked as per following frequency

	Qty. in cu. m
	No of samples

	1-5
	1

	6-15
	2

	16-30
	3

	31-50
	4

	51 and above
	4 + one additional sample for each 50 cu. m


3.7 BRIDGE FURNITURE

3.7.1 RAILINGS

SCOPE

This work consist of casting and placing of vertical posts and hand rails in accordance with clause 2703 of MOST

MATERIAL
As per clause 1000 of MOST, the material to be used for constructing handrails shall be satisfying the following requirements

i. Cement confirming to IS: 8112 shall be used

ii. Steel shall be corrosive resistance.

iii. Coarse and fine aggregates shall be conforming

MACHINERY
i. Concrete miller

ii. Tipper

METHODOLOGY
i. Firm ground / flat form shall be prepared for casting the handrails

ii. Smooth surfaced shuttering sheets shall be prepared to the required size and shape by fixing bolts and nuts

iii. Handrails shall be caste by pouring approved grade of concrete into prepared mould and these should be kept damp for a period of at least 10 days.

iv. Pre cast handrails shall be placed in position in site and then reinforcement & shuttering plates shall be arranged for handrail posts to the alignment as per drawing.

v. Concrete of approved mix shall be laid for handrail posts by proper vibration till to fill all voids for smooth surface.

QUALITY CONTROL
i. Reinforcing bars shall be checked against corrosion and then for proper cover

ii. Slump shall be maintained as required

iii. Casting of concrete cubes shall be checked as specified in previous chapter 3.6

3.7.2 DRAINAGE SPOUTS
SCOPE

The work shall consist of furnishing and fixing in position of drainage spouts and drainage pipes for bridge decks in accordance with clause 2705 of MOST.

MATERIAL

Material to be used for drainage spouts shall be satisfying the following requirements

i. Steel components shall be of mild steel conforming to IS: 226

ii. .spouts shall be of 100m diameter and shall be of corrosive resistant material such as galvanized steel

iii. polysulphide sealant or bituminous sealant shall be as per IS: 1834

MACHINERY
i. Truck.

METHODOLOGY
i. The drainage assembly shall be fabricated to the dimensions as per drawing and it should be weld for water tightness and then hot dip galvanized.

ii. Reinforcement of the Deck slab shall be cut to the required area, and equivalent reinforcement shall be placed at the corners of the assembly before casting the slab

iii. The galvanized assembly shall be placed in true position, lines and levels as per the drawing with necessary cut out for deck slab.

iv. The spacing of the drainage spouts shall be maintained not exceeding 10m

v. The drainage spouts shall be connected with suitably located pipe lines to discharge the surface run off to drains provided at ground level

vi. Sealant shall be finished to cover at least 50mm on the varying coat surface all around the drainage assembly.

QUALITY CONTROL
Material test certificates shall be obtained from manufacturer

3.7.3 STRIP SEAL EXPANSION JOINT

SCOPE
The work shall consist of fabrication and placing of expansion joint in accordance with clause 2607.

MATERIAL
As per clause 2607.2 of MOST, the materials to be used for strip seal expansion joint shall be satisfying following requirements

i. The steel shall confirm to steel grade RST 37-2 of German standard or equivalent.

ii. Chloroprene of strip seal shall conform to clause 915.1 of (IRC: 83 Part-II)

iii. Anchorage steel shall conform to IS: 2062

iv. Anchorage loop shall conform to IS: 2062

MACHINERY
i. Welding machine

ii. Truck

iii. Transit mixer

METHODOLOGY
i. The surface of the recess shall be thoroughly cleaned and all dust and debris removed properly

ii. Exposed reinforcement shall be adjust suitably to permit unobstructed lowering of the joint into the recess

iii. Formwork for the recess shall be tied and it should be arranged as per dimensions in the drawing

iv. The joint shall be placed in pre determined position and it should be leveled & aligned, and the anchor loops on one side of the joint welded to the exposed reinforcement bars of the structure and the same is proceed for other side also

v. High quality approved concrete shall be laid in to the recess and it should be compacted properly

vi. Neoprene strip seal shall be cut in to the required length and it should be inserted between the edge beams by using a crow bar

vii. The carriage way surfacing shall be finished flush with the top of the steel sections.

QUALITY CONTROL
i. All material shall be got tested as per relevant specification.

ii. Manufacture test certificates shall be obtained for all tests before installation.

3.7.4 CONCRETE CRASH BARRIER
SCOPE
This work shall consist of construction, provision and installation of concrete cash barrier in accordance with clause 809 of MOST

MATERIAL
As per clause 1000 of MOST, the material to be used for constructing of concrete crash barrier shall be satisfying the following requirements.

i. Cement conforming to IS: 269 shall be used only after ensuring that the minimum required design strength can be achieved without exceeding the maximum permissible cement content of 540kg/cu. M.

ii. Steel shall be of corrosive resistance and shall conform to IRC: 21.

iii. Water shall be of following permissible limits when tested in accordance with IS: 3025.

	Solids
	Permissible Limits (max.)

	Organic
	200mg/lit

	Inorganic
	3000mg/lit

	Sulphates (SO 4)
	500 mg/lit

	Chlorides (CI)
	500mg/lit

	Suspended
	2000mg/lit


iv. Coarse aggregate having positive alkali silica reaction shall not be use and it should be conforming to IS: 383 and IS: 2386 (Parts I – VIII).

v. Flakiness and Elongation Indices of coarse aggregate shall not be more than 25%.

vi. Aggregate Impact value shall not be greater than 30%.

vii. Gradation of the coarse aggregate shall be satisfying the following requirements

	IS Sieve size
	Passing % by wt. IS Sieve 40mm
	Passing % by wt. IS Sieve 20mm
	Passing % by wt. IS Sieve 12.5mm

	63mm
	100
	-
	-

	40mm
	95-100
	100
	-

	20mm
	30-70
	95-100
	100

	12.5mm
	-
	-
	90-100

	10mm
	10-35
	25-55
	40-85

	4.75mm
	0-5
	0-10
	0-10


viii. Fineness modulus of the fine aggregate shall neither be less than 2.0 nor greater than 3.5.

ix. Gradation of the fine aggregate shall be satisfying the following requirements

	IS Sieve size
	Passing % by wt. IS Sieve 40mm
	Passing % by wt. IS Sieve 20mm
	Passing % by wt. IS Sieve 12.5mm

	63mm
	100
	-
	-

	40mm
	95-100
	100
	-

	20mm
	30-70
	95-100
	100

	12.5mm
	-
	-
	90-100

	10mm
	10-35
	25-55
	40-85

	4.75mm
	0-5
	0-10
	0-10


MACHINERY

i. Concrete batching plant

ii. Transit mixers

iii. Needle vibrators

iv. Water tanker

METHODOLOGY
i. Reinforcement shall be tied in position while fixing the reinforcement for deck slab of the bridge.

ii. Smooth, uniform and greased shutter plates shall be placed in position with proper cover and packing shall be done for gaps in between shutter plates

iii. Shutters to not to develop any bulging while vibration

iv. Concrete mix shall be transported from batching plant by means of transit mixers

v. Vibration shall be continued till there is no honeycomb.

vi. Approved concrete mix shall be laid in layer by layer with proper compaction.

vii. De shuttering shall be carried out after achieving the required strength the required strength

QUALITY CONTROL
i. The material shall be checked before concreting

ii. Slump shall be checked both at plant and at site and controlled accordingly.

iii. Levels shall be checked, for horizontal alignment of the crash barrier shall not depart from the road alignment by more than +/-30mm.

iv. Faces of the crash barrier shall not deviate more than 12mm when tested with 3m straight edge.

v. Casting of concrete cubes shall be checked as per following frequency

	Qty. in cu. M
	No of samples

	1-5
	1

	6-15
	2

	16-30
	3

	31-50
	4

	51 and above
	4 + one additional sample for each 50 cu. m


4 CONSTRUCTIONS OF CULVERTS
GENERAL
Culvert is a small bridge structure of less than 6m span between faces of abutments.

CLASSIFICATION
Depending on required discharge, bed levels of the existing channel and proposed road levels, culverts are classified as follows.

i. Box culvert

ii. Slab culvert

iii. Pipe culvert

Where there is a small drainage crossing and having sufficient cushion, pipe culverts are often found in practice for most economical and easy construction. For more discharge and large vent box and slab culverts are preferable.


Box culverts are constructed into two types. They are 

i. With cushion

ii. Without cushion

4.1 MATERIALS
As per clause 1000 of MOST, the material to be used for construction of box culvert shall be satisfying the following requirements

i. Cement conforming to IS: 8112 shall be used only after ensuring that the minimum required design strength can be achieved without exceeding the maximum permissible cement content of 540kg/cu. M.

ii. Steel shall be of corrosive resistance]

iii. Super – plastisisers shall be conforming to IS: 9103.

iv. Water shall be of following permissible limits when tested in accordance with IS: 3025.

	Solids
	Permissible limits (max.)

	Organic
	200mg/lit

	Inorganic
	3000mg/lit

	Sulphates (SO 4)
	500mg/lit

	Chlorides (CL)
	500mg/lit

	Suspended matter
	2000mg/lit


v. Coarse aggregate having positive alkali silica reaction shall not be use and it should be conforming to IS: 383 and IS: 2386 (Parts I – VIII).

vi. Flakiness and Elongation Indices of coarse aggregate shall not be more than 25%.

vii. Aggregate Impact value shall not more than 30%

viii. Gradation of the coarse aggregate shall be satisfying the following requirements

	IS Sieve size
	Passing % by wt. IS Sieve 40mm
	Passing % by wt. IS Sieve 20mm
	Passing % by wt. IS Sieve 12.5mm

	63mm
	100
	-
	-

	40mm
	95-100
	100
	-

	20mm
	30-70
	95-100
	100

	12.5mm
	-
	-
	90-100

	10mm
	10-35
	25-55
	40-85

	4.75mm
	0-5
	0-10
	0-10


ix. Fineness modulus of the fine aggregate shall neither be less than 2.0 nor greater than 3.5

x. Gradation of the fine aggregate shall be satisfying the following requirements

	IS Sieve size
	Passing % by wt. Zone - I
	Passing % by wt. Zone - II
	Passing % by wt. Zone - III

	10mm
	100
	100
	100

	4.75mm
	90-100
	90-100
	90-100

	2.36mm
	60-95
	75-100
	85-100

	1.18mm
	30-70
	55-90
	75-100

	600 micron
	15-34
	35-59
	60-79

	300 micron
	5-20
	8-30
	12-40

	150 microns
	0-10
	0-10
	0-10


4.2 BOX CULVERTS (WITH CUSHION)

These are constructed where there is provision for minimum cushion depending on proposed road levels and bed level of the existing channel.

SCOPE
The work shall consist of furnishing and providing plain and reinforced concrete placed in to a required shape in accordance with approved drawing.

MACHINERY
i. Excavator

ii. Generator 

iii. Tippers

iv. Concrete batching plant

v. Transit mixers

vi. Concrete pump

vii. Plate and needle vibrators

METHODOLOGY
CENTRELINE FIXING

i. The place where the culvert exists shall be located and the centerline shall be marked with the help of electronic theodolite (Total Station).

ii. The culvert so located may be either perpendicular or with some to the road alignment according to the direction of the flow.

SETTING OUT
i. Reference: points shall be fixed on both sides of the culvert in both traffic direction and normal to the traffic direction.

ii. Temporary benchmark shall be established near the culvert and it should be checked regularly with respect to the permanent benchmark.

iii. The limits of excavation shall be marked on original ground to the line and length as per the drawing

OGL’s
i. The original ground levels shall be taken on center line and either side of the center line of the culvert location to the required width and length as per drawing.

ii. The number of rows to be taken is depending on width of the culvert.

iii. OGL’s shall be taken through out the length of the culvert including flexible apron. The length of the culvert is varied from culvert to culvert depending on proposed road levels and bed levels of the channel.

EXCAVATION
i. Excavation shall be carried out with excavator to the required level, length and width and the excavated soil shall be removed by loading in to the end dumpers.

ii. The excavated portion shall be cleaned off if there is any slush and it should be dressed properly.

SAND FILLING
i. Fine to coarse sand shall be laid to the width, length and thickness as specified in the drawing

ii. The sand layer should be compacted properly with plate vibrators

LEVELING COARSE
i. The shuttering shall be thoroughly cleaned aligned and marked to the required thickness as per drawing

ii. Concrete mix shall be transported from batching plant to the site by means of transit mixers, and the same shall be laid on wet sand and compacted properly with plate vibrators.

RAFT
i. Reinforcing steel shall be bent to the dimensions and shapes as shown in the approved bar bending schedules.

ii. Reinforcing bars shall be placed accurately in position on leveling coarse as shown in Fig: 4.2.1. Vertical bars shall be maintained to the plumb.

iii. The bars, crossing one another shall be tied together at every intersection with binding wire to make the skeleton of the reinforcement rigid such that the reinforcement does not get displaced during placing of concrete.

iv. Cover blocks of thickness equal to the specified cover shall be placed between the bars and shutter plates

v. Shuttering plates shall be greased, aligned and marked properly to the required thickness as per drawing

vi. Concrete of approved mix shall be laid layer by layer. While pouring the concrete in key portion care shall be taken against vibration for layer by layer not exceeding 450mm

vii. Haunch plates shall be fixed and aligned properly. Concreting in haunch portion shall be carried out monolithically with raft.

viii. Construction joint shall be maintained by providing a groove along the length of the wall as specified in the drawing.

ix. De-shuttering shall be carried out after setting the concrete properly.

x. Proper curing shall out at least up to 14 days.

WALLS
i. Longitudinal reinforcement shall be tied to the vertical bars with specified spacing.

ii. Shutter plates shall be placed to the alignment and gaps in between shutter plates shall be packed carefully by beading

iii. Concrete of approved mix shall be laid by layer not exceeding 450mm with proper vibration. Construction joint shall be maintained as per drawing through out the length of the wall by providing groove.

iv. De shuttering shall be carried out in 12-48 hours.

v. Proper curing shall be carried out for the vertical surface by covering with gunny bags

TOP SLAB
i. By fixing the bottom level of the top slab, top haunch shall be aligned and bottom shutters of top slab to be placed on designed vertical posts and gaps between shutters shall be packed carefully.

ii. Care shall be taken while placing the frame work in position to with stand the lateral loads coming on the top slab

iii. After fixing the reinforcement in position concrete of specified grade shall be laid to the required thickness with proper vibration.

iv. De shuttering shall be carried out after 14 days.

v. Exposed surface to concrete shall be kept continuously in damp condition by ponding

WINGS & RETURN WALLS
i. The work may be started along the construction of the box cell or individually depending up on the site condition 

ii. The same procedure shall be followed for excavation sand filling and levelling coarse like as box cell for both wings and returns to the required line and level.

iii. Approved concrete of specified grades shall be laid for leveling coarse and further lifts

iv. Proper care shall be taken while pouring vibrating the concrete in slant portions

EXPANSION JOINTS
Expansion joint of specified thickness shall be maintained in between wing / return wall and box cell and also placed at periphery of box cell cross section at proposed centerline

FILTER MEDIA
Filter media shall be laid behind the return walls and wing as specified in drawing to the required thickness with proper compaction

BACK FILLING
Selected material shall be laid behind the box cell to the top of the embankment as per drawing.

4.3 BOX CULVERTS (WITHOUT CUSHION)

i. If the bed level of the channel is at higher level then the culvert has to locate at higher level. As a result, the level of top slab will not have sufficient cushion. Then the top slab top level kept at DBM top level. Only wearing coat with bituminous concrete will come over the top slab

ii. Material requirement components and construction procedure is same as that of box culvert with cushion except brackets will come in top of side walls to support the approach slab as shown in drawing.

iii. On either side of the culvert, approach slab shall be constructed to distribute the load uniformly after completion of back filling in an approved methodology

4.4 SLAB CULVERTS

SCOPE
The work consist of furnishing and providing plain and reinforced concrete placed in to a required shape in accordance with approved drawing

MACHINERY
i. Excavator

ii. Generator

iii. Tippers

iv. Concrete batching plant

v. Transit mixers

vi. Concrete pump

vii. Plate and needle vibrators

viii. Water tanker

ix. Shuttering plates

x. Survey kit. Etc.,

METHODOLOGY

CENTERLINE FIXING
i. The place where the culvert exists shall be located and the centerline shall be marked with the help of electronic theodolite (Total Station)

ii. The culvert so located must be either perpendicular or with some skew to the road alignment according to the direction of the flow.

SETTING OUT
i. Reference points shall be fixed on both sides of the culvert in both traffic direction and normal to the traffic direction

ii. Temporary benchmark shall be established near the culvert and it should be checked regularly with respect to the permanent benchmark.

iii. The limits of excavation shall be marked on original ground to the line and length as per the drawing

OGL’s 
i. The original ground levels shall be taken on centerline and either side of the centerline of the culvert location to the required width and length as per the drawing.

ii. The number of rows to be taken is depending on width of the culvert

iii. OGL’s shall be taken through out the length of the culvert including flexible apron. The length of the culvert is varied from culvert to culvert depending on proposed road levels and bed levels of the channel.

EXCAVATION
i. Excavation shall be carried out by means of excavator to required level, length and width and the excavated soil shall be removed by loading in to the end dumpers.

ii. The excavated portion shall be cleaned  off if any slush, and it should be dressed properly 

SAND FILLING
i. Fine to coarse sand shall be laid to width, length and thickness as specified in the drawing 

ii. The sand layer should be compacted properly with plate vibrators.

LEVELLING COARSE
i. The shuttering shall be thoroughly cleaned , aligned and marked to the required thickness as per drawing 

ii. Concrete mix shall be transported from batching plant to the site by means of transit mixers, and the same shall be laid on wet sand and compacted properly with plate vibrators

ABUTMENT FOOTINGS
i. Skin reinforcement shall be tied with reference to the centerline of the culvert and shuttering is placed with proper cover to the skin reinforcement.

ii. Gap between the shutters shall be packed properly

iii. Specified concrete mix shall be laid in layer by layer with proper compaction by using needle vibrators

iv. Proper care shall be taken while placing the concrete in slant portion of the second lift to not to develop any honeycombs

ABUTMENT WALLS
i. The shuttering shall be properly aligned as per the approved drawing and additional supports shall be given to the slant portion of abutment walls 

ii. Proper cover shall be maintained to the skin reinforcement

iii. Weep holes shall be provided a tan interval of 1m c/c.

iv. After completion of all arrangements designed, concrete mix shall be placed layer by layer without disturbing the weep holes with proper compaction by using needle vibrators.

v. The same method shall be followed for further lifts.

DIRT WALL
i. While constructing dirt wall proper shall be maintained and top levels shall be fixed according to the approved drawing

ii. Designed concrete mix shall be laid with proper compaction

BED BLOCK
i. Reinforcement shall be tied as per drawing and slope should be maintained by providing steps at uniform distance

ii. Shutter plates shall be arranged properly and marking shall be done to the required depth as per drawing 

iii. Concrete of approved mix shall be laid with proper vibration

TOP SLAB
i. By fixing the bottom level of the slab, bottom shutters of the slab to be placed on designed vertical posts and gaps between shutters shall be packed carefully

ii. Care shall be taken while placing the frame work in position to with stand the lateral loads coming on the top slab

iii. After fixing the reinforcement in position concrete of specified grade shall be laid to the required thickness with proper vibration. Proper care shall be taken while placing the concrete to not to develop any horizontal or vertical joints.

iv. De shuttering shall be carried out after 14 days

v. Exposed surface of concreter shall be kept continuously in damp condition by ponding 

WING / RETURN WALLS
i. The work may be started along the construction of the vent or individually depending upon the site condition 

ii. The same procedure shall be followed for excavation, sand filling and levelling coarse like as vent for both wings and returns to the required line and level

iii. Approved concrete of specified grades shall be laid for levelling coarse and further lifts

iv. Proper care shall be taken while pouring and vibrating the concrete in slant portions.

EXPANSION JOINTS
Expansion joint of specified thickness shall be maintained in between return / wing wall and abutment walls and also placed at periphery of cross section at proposed centerline (PCL).

BACK FILLING AND FILTER MEDIA
i. Filter media should be laid behind the return walls / wing walls as per specification in drawing

ii. For back filling selected material should be laid behind the abutment walls to the top of the embankment as per the specifications and it should be compacted properly.

4.5 PIPE CULVERT
SCOPE
The work shall consist of furnishing and installing reinforced cement concrete pipes of the type diameter and length required at the locations shown in the drawing in accordance with caluse 2900 of MOST

MACHINERY
i. Excavator

ii. Generator

iii. Tippers

iv. Concrete batching plant

v. Transit mixers

vi. Concrete pump

vii. Water tanker

viii. Shuttering plates

ix. Crane with rope

x. Plant and needle vibrators

xi. Survey kit. Etc.,

METHODOLOGY
CENTERLINE FIXING
i. The place where the culvert exists shall be located and the centerline shall be marked with the help of electronic theodolite.

ii. The culvert so located either perpendicular or with some skew to the road alignment according to the flow direction

SETTING OUT
i. Reference points shall be fixed on both sides of the culvert in both traffic direction and normal to the traffic direction

ii. Temporary benchmark shall be established near the culvert and it should be checked regularly respect  to the permanent benchmark

iii. The limits of excavation shall be marked on original ground to the line and length as per the drawing 

OGL’s
i. The original ground levels shall be taken on centerline and either side of the centerline of the culvert location to the required width and length as per drawing 

ii. The number of rows to be taken is depending on width of the culvert. OGL’s shall be taken through out the length of the culvert including flexible apron. The length of the culvert is varied from culvert depending on proposed road levels and bed levels of the channel

EXCAVATION
i. Excavation shall be carried out by means of excavator to the required level, length and width and the excavated soil shall be removed by loading in  to the dumpers

ii. The excavated portion shall be cleaned off if any slush, and it should be dressed properly.

SAND FILLING
i. Fine to coarse sand shall be laid to the width, length and thickness as specified in the drawing 

ii. The sand layer should be compacted properly with plate vibrators

LEVELLING COURSE
i. The shuttering shall be thoroughly cleaned, aligned and marked to the required thickness as per drawing 

ii. Concrete mix shall be transported from batching plant to the site by means of transit mixers, and the same shall be laid on wet sand and compacted properly with plate vibrators

iii. Head wall concreting shall be done monolithically with the levelling coarse

PIEP LAYING & JOINTING
i. Pipes shall be laid to the required line and length by means of crane and wire rope; Care shall be taken while placing the pipes in position 

ii. Laying of pipes shall be started from on e end and proceeded to the other end.

iii. Pipe jointing shall be done by means of providing gunny bags with cement slurry

PEDESTAL CONCRETE
i. After laying the pipes in position concrete mix shall be laid sides of the pipes along the length of the culvert to confined the pipe in position

ii. Proper vibration shall be carried out through out the concrete by means of needle vibrators.

HEAD WALL
i. After completion of pedestal concrete through out the length shuttering shall be aligned properly for the remaining head wall portion

ii. Specified concrete shall be laid layer by layer with proper compaction.

BACK FILLING AND FILTER MEDIA
i. Filter media should be laid behind the return walls and wing wall as per specification in drawing. For back filling selected material should be laid behind the pipes to the top of the embankment as per the specifications and it should compacted properly.

