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CHPATER -1 DEFINITION AND TERMINOLOGIES

1.1 Introduction
1.1.1 Preamble

The Specifications have been formulated for building construction keeping in view that
following types of activities are being carried out in the Department.

i) Construction of buildings and allied infrastructure.
i) Maintenance/renovation

All the above aspects of construction, Maintain and renovation have been covered in these
Specifications.

1.1.2 Standards

These Specifications describe the requirements and procedures for execution of work items
to achieve required workmanship and quality. The materials to be used shall conform to
specification and testing procedures as laid down in the relevant sections. Samples of
materials for laboratory tests and their subsequent approval shall be utilized according to these
references. The American Society for Testing and samples materials for laboratory tests and
their subsequent approval shall be utilized according to these references.

1.1.3 Manpower

Contractor shall also provide skilled manpower in adequate number, who can perform
execution with quality and workmanship control in accordance with the requirements of the
work item.

1.1.4 Equipment

Number and kind of Equipment required for different items of work shall be planned by the
contractor keeping in view the workmanship required by a particular item and the quantity of
finished item required to be carried out in eight hours shift. The Engineer In charge shall
approve such planning or any changes shall be proposed for guidance of the Contractor.
However, this procedure shall not relieve the Contractor of his contractual obligations
pertaining to performance and maintenance of project.

1.1.5 Alternative Equipment

While a few of these specifications may provide that equipment of a particular size and type
is to be used to perform portions of the work, it is to be understood that the deployment and
use of new or improved equipment is to be encouraged. The Contractor may request, in
writing, permission from the Engineer In charge to use equipment of a different size or type in
place of the equipment specified or recommended in these chapters. The Engineer In charge
before considering or accepting such request may require the Contractor to furnish, at his own
expense, evidence to satisfy him that the equipment proposed for use by the Contractor is
capable of producing work equal to or better in quality than, that which can be produced by
the equipment specified. If such permission is granted by the Engineer In charge, it shall be
understood that such permission is granted for the purpose of testing the quality of work
actually produced by such equipment and is subject to continuous attainment of results which,
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in the opinion of the Engineer In charge, are equal to or better than that which can be obtained
with the equipment specified. The Engineer In charge shall have the right to withdraw such
permission at any time when he determines that the alternative equipment is not producing
work of equal quality, to that which can be produced by the equipment specified. Upon
withdrawal of such permission by Engineer In charge, the Contractor will be required to use
the equipment originally specified and shall, in accordance with the directions of the Engineer
In charge, remove and dispose off or otherwise remedy, at his own expense, any defective or
unsatisfactory work produced with the alternative equipment. Neither the Employer nor the
Contractor shall have any claim against each other, for either the withholding or the granting
of permission to use alternative equipment, or for the withdrawal of such permission. Nothing
in this clause shall relieve the Contractor of this responsibility for furnishing materials or
producing finished work of the quality specified in these specifications.

1.1.6 Storage of Materials

Articles or materials to be supplied or incorporated in the work shall be stored in such a manner
as to ensure the preservation of their quality and fitness for the work, and facilitate inspection,
with no or minimum hazard to road users.

1.1.7 Defective Materials

All materials which the Engineer In charge has determined as not conforming to the
requirements of the drawings and specifications will be rejected whether in place or not. They
shall be removed immediately from the site of the work. No rejected material, the defects of
which have been subsequently corrected, shall be used in the work, unless approval in writing
has been given by the Engineer In charge. Upon failure of the Contractor to comply with any
order of the Engineer In charge made under the provisions in this clause, the Engineer in
charge shall have authority to cause the removal of rejected material and to deduct the cost
thereof from any payments due or to become due to the Contractor.

1.1.8 Trade Names and Alternatives

For convenience in designation on the plans or in the specifications, certain articles or
materials to be incorporated in the work may be designated under a trade name or the name
of a manufacturer and the catalogue information. The use of an alternative article or material
that is of equal quality and of the required characteristics for the purpose intended will be
permitted, subject to the following requirements. The responsibility of proof as to quality and
suitability of alternatives shall be upon the Contractor and he shall furnish all information
necessary as required by the Engineer in charge. The Engineer in charge shall be the sole
judge as to the quality and suitability of alternative articles or materials and his decision shall
be final. Whenever the specifications permit the substitution of a similar or equivalent material
or article, no tests or action relating to the approval of such substitute material will be made
until the request for the substitution is made in writing by the Contractor accompanied by
complete data as to the quality of the material or article proposed. Such request shall be made
well in time to permit approval without delaying the work.

1.1.9 Testing

Unless otherwise specified, all tests shall be performed in accordance with the methods
mentioned in the sections and shall be arranged by the contractor under the supervision of
the Engineer in charge or his designated representative at site or in lab. When desired by the
Engineer in charge, the Contractor shall furnish, without charge, samples of all materials
entering into the work and no material shall be used prior to approval by the Engineer in
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charge. Samples of material from local sources shall be taken by or in the presence of the
Engineer in charge, otherwise the samples will not be considered for testing.

1.1.10 Utility Lines

The Contractor shall conduct his operations, make necessary arrangements take suitable
precautions and perform all required works incidental to the protection of and avoidance of
interference with power transmission, telegraph, telephone and natural gas lines, oil lines,
water and sewerage mains and other utilities within the areas of his operations in connection
with his contract and the Contractor shall save harmless and indemnify the Employ in respect
of all claims, demands, proceedings, costs, charges and expenses whatsoever arising out of
or in relation to any such interference.

1.1.11 Safety Precautions

The contractor shall adequately provide for the safety, health and welfare or persons and for
the prevention of damage to works, materials and equipment for the purpose of or in
connection with the Contract.

1.1.12 Inspection

The Departmental Engineers and consultant (where employed) shall at all times, have safe
access to the work during its construction, and shall be furnished with every reasonable facility
for ascertaining that the materials and the workmanship are in accordance with the
requirements and intentions of these Specifications, the Special Provisions, and the
plans/drawings. All works done and all materials furnished shall be subject to inspection by
Engineer-in-charge. The inspection of the work or materials shall not relieve the Contractor of
any of his obligations to fulfil his contract as prescribed. Work and materials not meeting such
requirements shall be made good and unsuitable work or materials may be rejected,
notwithstanding that such work or materials have been previously inspected by the Engineer
in charge or that payment therefore has been included in a progress estimate.

1.1.13 Removed of Rejected and Unauthorized Works

All works, which have been rejected, shall be remedied, or removed and replaced by the
contractor in an acceptable manner and not compensation, will be allowed to him for such
removal, replacement or remedial work. Any work done beyond the lines and grades shown
on the plans or established by the Engineer in charge or any extra work done without written
authority will be considered as unauthorized work and will not be paid for. Upon order of the
Engineer in charge, unauthorized work shall be remedied, removed, or replaced at the
Contractor’s expenses, if he refuses or delays. Upon failure of the Contractor to comply
promptly with any order of the Engineer in charge made under this item, the Employer may
cause rejected or unauthorized work to be remedied, removed, or replaced and to deduct the
costs from any payment due or to become due to the Contractor.

1.1.14 Alternative Methods of Construction

Whenever the plans or specifications provide that more one specified methods of construction
or more than one specified type of construction equipment may be used to perform portions
of the work and leave the selection of the method of construction or the type of equipment to
be used up to the Contractor, it is understood that the Employer does not guarantee that every
such method of construction or type of equipment can be used successfully throughout all or
any part of my project. It shall be the Contractor's responsibility to select and use the
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alternative or alternatives, which will satisfactorily perform the work under the conditions
encountered.

1.1.15 Conformity with contract Documents and Allowable Deviations

Work and materials shall conform to the lines, grades, cross sections, dimensions and material
requirements, including tolerances, shown on the plans or indicated in the specifications.
Although measurement, sampling and testing may be considered evidence as to such
conformity, the Engineer in charge shall be the sole judge as to whether the work or materials
deviate from the plans and specifications, and his decision relating to any allowable deviations
there from shall be final.

1.2 Scope

The Standard Specifications is a part of contract documents which shall be read in conjunction
with the following contract documents which are mutually explanatory to one another and
mentioned hereunder, with the order of precedence as given in the Condition of Contract.

i). Contract Agreement (Latest Edition)

ii). Addenda.

iii). Letter of acceptance

iv). Additional conditions

v). Drawings.

vi). Specifications.

vii). The bid and Appendices as Annexures.

1.3 Definition of Technical Terms

Whenever in these specifications or in other documents pertaining to the contract, the
following terms and abbreviations appear, their intent and meaning shall, unless specially
stated otherwise, be interpreted as given below:

Aggregate: Inert material such as sand, shingle, broken stone, or
broken bricks which, when bound together by an added
matrix, forms a conglomerated mass, as in concrete or
bituminous paving mixtures. The term coarse aggregate
is employed for aggregate retained on US Standard
Sieve No. 4 (4.75mm) for concrete and sieve No. 8
(2.38mm) for bituminous paving mixtures.

Alignment: The position and direction given to the centerline of a
road in plan or profile.

Alignment (horizontal): The position and direction of centerline of a road in plan.

Alignment (vertical): The position and direction of centerline of a road in
profile.

Back fill: Material used to replace or the act of replacing material

removed during construction, also may denote material
placed or the act of placing material at the back of
abutments, retaining walls or similar structures.

Ballast: Gravel, Broken stone, Broken Brick etc.
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Bitumen:

Borrow:

Borrow area:

Calendar day:

C.B.R. (California bearing ratio):

Chipping:

Contract and contract document:

Contract item (pay item):

Contract time:

Contractor:

Compaction:

Techincal Specifications for Engineering Materials

The by-product of the distillation of or evaporation of
crude petroleum either by natural process or in a
refinery; the basic constituents of an Asphalt essentially
consist of hydro-carbons. It is characteristically solid to
semi solid, black to dark brown in colour, is adhesive,
and melts or softens on the application of heat.

Suitable material used primarily for road embankment.

A place, outside the right of way, unless otherwise
specified, from which fill material will be obtained for
construction of embankment etc.

Every day shown on the calendar.

An empirical measure of the bearing capacity of a sub-
grade, sub-base, base or pavement expressed as a
percentage of the bearing capacity of a standard sample
of crushed stone.

Crushed angular stone fragments of single size
materials having nominal size between 2 mm (0.08 in)
and 25 mm (1 inch).

The written agreement between the Department and the
contractor setting forth the obligations of eh parties there
under, including, but not limited to, the performance of
the work, the furnishing of labour and materials, and the
basis of payment. The Contract Documents include the
invitation for tenders, the tender, notice of award, form
of contract, contract bond, general conditions and
special conditions, general specifications, supplemental
specifications, special specifications plan, addenda,
directives, change orders and supplemental agreements
that are required to complete the Work, all of which
constitute one instrument.

A specifically described unit of work for which a unit price
is provided in the tender.

The number of working days or calendar days allowed
for completion of the contract, including authorized time
extensions. In case a calendar date of completion is
shown in the tender, in lieu of the number of working in
calendar days the work contemplated shall be
completed by that date.

The person, firm or corporation with whom the contract
has been made by the employer, or to whom the contract
has been assigned.

i) General

The process of inducing a closer packing of particles by
mechanical means.
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Dry density:

Dry density (maximum):

Engineer-in-Charge:

Embankment:

Equipment:

Expansion Joints:

Force majeure:

Free haul:

Gallon:

Gradient:

Grading:

Gravel:

Haul (lead):

Techincal Specifications for Engineering Materials

ii) Soil

The highest part of a curved surface such as an arch, or
a carriage way in cross section commonly at or near the
center.

The weight of material after drying it to constant weight
at 1050C (2210F) contained in a unit volume.

The dry density of soil obtained by a specified amount of
compaction at the optimum moisture content.

The duly authorized representative of the Government
as in charge of the work at site/acting directly or through
his designated representative who is responsible for
supervision of the work (where the term “The Engineer”
is used in this document, it should be taken to mean
Engineer In charge).

The work built above the natural ground by the
deposition of material to support pavement structure.

All machinery and equipment, together with the
necessary supplies for up keep and maintenance, and
also all tools and apparatus necessary for the proper
construction and acceptable completion of work.

A space between two rigid parts of the same structure,
formed to allow small relative movements to occur
without the development of serious stresses, with or
without provision of means to preserve functional
continuity.

An unexpected and disruptive event, which may operate
to excuse a party from a contract or part thereof.

The maximum distance upto which excavated material
is transported without extra charge.

Unless otherwise specified, the work “gallon” used in the
specification designates the imperial gallon (4.546 liters)
and not U.S. gallon (3.785 liter)

The rate of rise or fall with respect to the horizontal plane
along the centerline of a road or bridge.

a) The proportions by weigh, of particle sizes in a
granular material.

b) The operation of bringing the profiles to the required
grades.

Waterborne stones of irregular shape and size occurring
in natural deposits, with or without some finer material.

The total distance through which material is transported.
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Joint filler:

Overhaul:

Retaining wall:

Safety fence:

Section (cross):

Section (longitudinal):

Site Engineer:

Soil:

Special specifications:

Specifications:

Sub-contractor:

Substructure:

Superstructure:

Supplemental specifications:

Surety:

Techincal Specifications for Engineering Materials

A strip of compressible material used to fill the space in
an expansion joint.

The distance of the Haul in excess of the free Haul.

A wall constructed to resist lateral pressure from the
adjoining ground, or to maintain in position a mass of
material usually the road embankment.

a) A fence erected to prevent vehicles from leaving the
carriageway at a dangerous place.

b) A fence erected for the safety of pedestrians.

c¢) A fence on a highway to prevent any specified type of
traffic from leaving the part of highway appropriate to its
use.

A vertical section at right angles to the center line,
showing the elevation of the ground.

A vertical section showing the elevation of the ground
usually along the center line.

The onsite representation of the contractor duly
authorized to receive and execute all instructions of the
Engineer-in-Charge and to supervise and direct all of the
contractor’s construction operations in all phases of the
work.

Any naturally occurring loose or soft deposit, forming
part of the earth’s crust and resulting from weathering or
break down of rock formations.

Additions and revisions of the General and
Supplemental  Specifications covering  conditions
peculiar to an individual project.

A general term applied to all direction, provisions and
requirements pertaining to the performance of the work.

An individual firm or corporation to whom the contractor
sublets part of the work.

All of that part of the structure below the bearings of
simple and continuous spans, skewtacks of arches and
tops of footings of rigid frames, together.

The entire structure except the substructure.

Additions and revisions to the General specifications that
are adopted subsequent to issuance of the printed book.

The corporation, partnership or individual, other than the

Contractor, executing a Tender Guarantee furnished by
the Contractor.
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Tender:

Tender document:

Tender guarantee:

Ton:

Tonne (metric ton):

Water table:

Weep hole:

Work:

Working day:

Working drawings:

Zone (safety):

Techincal Specifications for Engineering Materials

The bid or offer made by a bidder, on the prescribed
form, to perform the works and to furnish the labour and
materials at the prices quoted.

The approved form on which the Department requires
Tenders to be prepared and submitted for the work.

The security furnished with a Tender to guarantee that
the bidder will enter into a contract if his Tender is
accepted, and includes the specified forms on which the
Contractor shall furnish required information and to his
ability to perform and finance the work.

The work “Ton” used in the specifications designates the
long ton of 2240 Ibs.

Equivalent to 10000 Kilograms (2204 Ibs).

The level at which ground water would finally stand in an
un-pumped borehole, well or other depression, when
equilibrium has been reached.

A small aperture or pipe through a retaining wall or
abutment which, by using as a drain, prevents the
accumulation of water.

The work shall mean the furnishing of all labour,
materials, equipment and other incidentals necessary or
convenient to the successful completion of the project
and the carrying out of all the duties and obligations
imposed by the Contract.

A working day shall be any day on which the Contractor
can physically and legally execute the work.

Stress sheets, shape drawings, execution plans, work
plans, framework plans, plans for bending of reinforcing
steel, or any other supplementary plans, or similar data
which the contractor is required to submit to the
Engineer-in-Charge for approval.

A raised pavement or platform, or a guarded area so
sited in a carriageway as to divide the stream or traffic
and to provide a safety area for pedestrians.

14 Meaning and Intent of these Specifications

These specifications shall be used-as a guide for drawing up the contract documents. If any
doubt or dispute arises as to the meaning and intent of any portion of the specifications and
drawings, the decision thereupon will lie with the Engineer-in-charge only, and will be recorded
in writing; this decision will be subject to an appeal, in writing (within 7 days of such decision
being intimated to the contractor) to the next higher officer, who shall have the power to correct
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any error, omission or discrepancies in the specifications and drawings and whose decisions
in the matter under dispute or doubt shall he final and conclusive.
15 Rates to Cover all Charges

The Rates to be entered in the contract schedule shall in all cases provide for work duly and
properly completed in accordance with the specifications and drawings, incorporated in the
contract documents or with such modifications of the same as may be directed in writing by
the Engineer-in-charge during the currency of the work. The said Rate shall, unless it is
specifically stated to the contrary in the contract, include and cover the cost of management,
labour and materials required to complete the works in accordance with the contract. Payment
for supply of any materials shall he made only if in separate contract is drawn up for the
purpose or it has been clearly, stipulated in the contract.

1.6 Site work
The Site of each work shall be clearly defined in the contract documents. Note—Site of work
is at times very extensive. In such cases it should be defined precisely specifying the exact

limits.

1.7 Abbreviations

AASHTO American Association of State Highway and
Transportation Officials

ASTM American Society for Testing and Material.

AWG American Wire Gauges.

AWPA American Wood Preservers Association.

BS British Standard Code of Practice

ACI American Concrete Institute.

FHWA U.S. Federal Highway Administration.

PCA Portland Cement Association

Wit Weight.

Lb Pound

R.L. Reduced level.

R.O.W. Right of Way

in. Inch

ft. Foot

Yd. Yard

Ltr. Liter.

Mm Millimeter

Cm Centimeter

M Meter

Km Kilometer

m2 Square Meter

m3 Cubic Meter.

Ha Hectare (10,000 m2)

Kg Kilogram

N Newton

°C Degree Centigrade/Degree Celsius

°F Degree Fahrenheit

Psi Pounds per Square inch.

Kg/cm2 Kilogram per Square Centimeter.
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1.8 Conversion Factor

Commonly used conversion factors and certain constants are listed below:

1. Length
Km m mm mile Yard ft In
1 1000 10° 0.6214 1094 3281 3.937x10"
10° 1 1000 | go1axi0” | 1.0936 3.281 39.37
10° 10° 1 6.214x10 | 1.094x10° | 3.28x10° | 3.937x10°
1.6094 | 1609.4 | 1 goox10° 1 1760 5280 63360
9.144)(104 0.9144 914.41 5.682X10-4 1 3 36
2.54x10° | 0.0254 25.4 1.578x10° | 2.778x10” | 8.333x10" 1
2. Area
Km® m’ cm’ mm® | Sa.mile | acre yd’ ft” in°
1 10'6 1010 1012 0.3861 | 247.11 | 1.196x1 | 1.076x1 | 1.550x
2 06 07 10
10'6 1 104 106 3.86x10 | 2.471x1 1.196 10.764 1550
-7 -4
0
10'10 10'4 1 100 3.86x10 | 2.471x1 | 1.16x10 | 1.076x1 | 0.155
11 0-8 -4 0-3
10'12 10'6 10'2 1 3.86x10 | 2.471x1 | 1.196x1 | 1.076x1 | 1.550x
13 0-10 0-6 0-5 10
2.59 2.59x1 | 2.59x10 | 2.59x10 1 639.96 | 3.097x1 | 2.788x1 | 4.01x1
6 10 12 i 7 0
0 0 0
4.047x1 4047 4.047x1 | 4.047x1 | 1.563x1 1 4840 43560 6.273x
3 7 9 -3 1
0 0 0 0
8.36x10 | 0.8361 8361 8.36x10 | 3.228x1 | 2.066x1 1 9 1296
7 5 0—7 0-4
9.29x10 | 9.29x1 929 92900 | 3.587x1 | 2.296x1 | 0.1111 1 144
-8 -2 -8 -5
0 0 0
6.45x10 | 6.45x1 | 6.4516 645.16 | 2.491x1 | 1.594x1 | 7.716x1 | 6.944x1 1
-10 -4 -10 -7 -4 -3
0 0 0 0] 0
3. Volume
m’ dm3 cmS(mI) vd3 ft3 in’ UK US
(litre) gallon gallon
1 103 106 1.3079 35.311 6102 219.97 264.17
10° 1 10° | 1.308x10 | 335x10" | 61.02 0.22 0.2642
_3 2
10'6 10'3 1 1.308x10 | 3.531x10 | 6.102x10 | 2.199x10 | 2.642x10
-6 5 -2 -4 4
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0.7646 764.6 7.646x10 1 27 46650 168.19 201.99
2.832x10 | 28.32 | 2.832x10 | 3.704x10 1 1728 6.229 7.481
2 -4 -2
1.639x10 | 1.639x10 | 16.387 | 2.144x10 | 5.787x10 1 3.605x10 | 4.329x10
-5 -2 -5 -4 -3 -3
4.546x10 4.546 4.546x10 | 5.946x10 | 0.1605 277.42 1 1.2008
-3 3 -3
3.785x10 [ 3.785 | 3.785x10 | 4.951x10 | 0.1337 231 0.8327 1
-3 3 -3
4. Weigh
Tonne kg UK ton US ton Cwt Ib Oz
(Mg)
1 1000 6 0.9842 1.1011 19.66 2.205x10 | 3.527x10
3 4
10'3 1 1000 9.842x1 | 1.101x1 | 1.966x1 2.2046 35.274
-4 -3 -2
0 0 0
10'6 10'3 9.842x1 | 1.101x1 | 1.966x1 | 2.204x10 | 3.527x10
0-7 0-6 0-5 -3 2
1.016 1016 1.016x10 1 1.12 20 2240 35840
6
0.9081 908.1 9.08x10° | 0.8928 1 17.856 2000 32000
5.085x1 50.85 5.085x10 0.05 0.0560 1 112 1792
2 4
0
4.536x1 | 0.4536 453.6 4.46x10 | sx10* | 8.92x10 1 16
-4
0 4 3
2.835x1 | 2.835x1 | 28.349 | 279yx10 | 3-125x1 | 5.580x1 | g 25x107 1
-5 2 5 -4
0 0 5 0 0
5. Pressure, Stress and Modulus of Elasticity
2 2 2 2 . .2 2
MN/m Mpa kKN/m kPa Kp Kgficm Ton/ft psi Ibf/in psf Ibf/ft
1 1000 10.197 9.320 145.04 20886
0.001 1 1.019x10" 0.0093 0.14504 20.886
9.807x10° 98.07 1 0.9139 14.223 2048.1
0.1073 107.3 1.0942 1 15.562 2240
6.895x10 6.895 7.031x10° | 6.426x10" 1 144
4.788x10° | 4.788x10° | 4.883x10" | 4.464x10” | 6-944x10-3 1
6. Density
3 3 3 3 . 3 3 3 3
Tonne/m Mg/m g/cm Kg/m Lb/in UK ton/vd | USton/vd | pcf Lb/ft
1 1000 0.03613 0.75247 0.8428 62.43
10° 1 3.613x10° | 7.525x10" | 8.428x10" | 6.243x10”
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27.680 27680 1 20.828 23.328 | 1 728x10°
1.602x10" 16.019 | 57g87x10" | 1.205x10" | 1.35x10° 1
7. Force and Weight
MN KN N Kgf Tonf Lbf
L 1000 10° 1.0196x10° 100.4 2.248x10°
10'3 1 103 101.96 0.1004 224.82
10-6 10'3 1 0.10196 1_004X10'4 0.2248
9.807x10° | 9.807x10° | 9-807 1 9.842x10 22048
9.964x10-3 9.964 9964 1016 1 2240
4.448x10° | 4.448x10° | 4448 0.45455 4.464x10" 1
Temperature Power
Kelvin (K) = (tF + 459.67) 1.8 1 hp (horse
power)
= 745.700W(J/s)
tc + 273.15 1 hpf/s = 1.35582W
Celsius (C) = (ft. = 32) /1.8
Fahrenheit (F) = (tcx 1.8) + 32
Viscosity, Kinematics Densities (At 200c¢) G/Cm3
1 m?/s = 10.7639 ft?/s pure Water 0.99820
1 cSt (Centistokes) = 5.58001 in2/h Sea Water 1.04
=1 mm?/s Mercury 13.564
=10%m?s Kerosene (approx.) 0.80
1 ft2/h =0.092903 m?/h Paraffin wax (M.p. 52-52°C) 0.912
1in2/s = 645.16 mm?/s Microcrystalline wax 0.915 (M.P. 52-
52°C)
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1.9 Construction Equipment General Requirement
1.9.1 General

The equipment to be used on the work shall be such as can give the specified and required
results conforming to specifications. Unless restricted to a specific type or types, by the
Specifications. Drawings, special Provisions of the Engineer-in-charge, the equipment
combination and number of units to be used on the work shall be such as the Contractor
selects for obtaining the specified and required results.

1.9.2 Equipment Condition and Approval

All equipment required to be used in construction of the project or in any stipulated portions of
a project, shall be on the site in first class working condition and shall have been approved by
the Engineer in charge before construction of any particular item of work is started. The
number of units, the sizes, etc. of all equipment shall be adequate to ensure completion of
work within the time specified in the contract. No equipment shall be removed from the site
without written approval of the Engineer in charge. All equipment, tools, and machinery used
shall be maintained in a satisfactory working condition throughout the required period of their
use. Any plant or equipment or portion thereof, which becomes worn or defective shall be
immediately repaired or replaced to the satisfaction of the Engineer in charge.

1.9.3 Construction Equipment

Various categories of construction equipment shall include but not limited to the items listed
below:

Tractors fitted with front blades
Excavator

Vibrating compactors

Trucks

Tractor trolleys

Cement concrete paving equipment
Batching plant and equipment
Concrete Mixers

Concrete Spreaders

Finishing machine

Longitudinal Finisher

Joint compound hearing & placing equipment
Concrete vibrators

Transit mixer

Concrete pumps

Lift

Water pumps

Bulldozer

Forkilift

Jackhammer

Construction machinery Spare parts
Bar Bending Machine

Vibrating Roller

Stone Crusher

Ladder

Wheel Barrows

Chisel

VVVVVVVVVVVVVVVVVVVVVVVVVYVYY
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1.9.4 Special Equipment

Where a special type of or plant or equipment is specified for a particular operation, the
Contractor may, with the written approval of the Engineer in charge, use alternative equipment
provided that he satisfies the Engineer in charge at his own risk and cost that he can achieve
the required results within the time schedule. If the Contractor does not achieve the result to
the satisfaction of the Engineer in charge, the Engineer in charge will require him to revert to
the originally specified special equipment for the satisfactory completion of the work.

1.9.5 Contractors Responsibility

The approval of number of units, the sizes or particular type, by the Engineer in charge does
not absolve the Contractor of the responsibility of timely and satisfactory completion of the
work.

1.10 Field Test Laboratory for Quality Control
1.10.1 General

The contractors employed on the construction or improvement of roads, bridges or other road
structures shall be required to provide and maintain during execution of work (for quality
control) a field test laboratory properly equipped with approved equipment and furniture to
carry all the tests indicated in the relevant sections of these specifications. Contractors shall
also be required to employ necessary qualified technical staff as approved by the Engineer-
in-charge to carry out the specified tests and maintain its record in a manner approved by the
Engineer in charge. The laboratory shall be provided with equipment specified by the
Engineer-in-charge for various tests. The contractor shall also make arrangements of electric
power supply, water supply and drainage for the field test laboratory.

1.10.2 Location

The laboratory shall be located in the project area at the site of work, approved by the Engineer
in charge. It shall be housed in a temporary building or a double fly tent, spacious enough to
accommodate laboratory equipment and furniture and allowing enough space for performing
tests.

1.10.3 Cost

The cost of the provision and maintenance of field test laboratory, pay of laboratory staff, and
labour and cost of materials for testing and cost of stationery etc., shall be borne by the
contractor. The contractor shall allow the Engineer in charge or his staff to use the field test
laboratory for carrying out quality control tests. There will be no direct payment for these
services and the costs thereof are considered as included in the unit rate respective items of
work, unless provided otherwise
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CHPATER - 2 WATER
2.1 Use
Water as a construction material has a wide range of utility and is in general used for:

a) Cleaning and washing,

b) Preparation of clay and in all types of mortar and concrete,

c) Soaking bricks before use in pucca masonry,

d) Curing mortars and concretes,

e) Staunching, puddling and compacting earthen embankments, and
f) Miscellaneous industrial and manufacturing processes.

2.2 Source
Water shall be obtained from an approved source.
2.3 Quality

Water fit for drinking is generally suitable for use on all types of construction jobs. It should be
free from organic or inorganic impurities, earth, salts and any other substance likely to cause
efflorescence or interference with setting of mortars or otherwise prove harmful to work. Even
traces of tannic acid and sugar are harmful to concrete. Marsh water containing humic acid or
free carbonic acid is harmful but water containing dissolved carbonic acid is not. Effluents from
sewerage works, gas and printing works can be detrimental while effluents from oil refineries,
breweries acid soap factories may or may not be harmful. Water containing acids, sulphates,
chlorides, carbon dioxide are harmful and should not be used. Sea water, though not
particularly detrimental to the strength of concrete should not be used on account of the danger
of corrosion of reinforcement and efflorescence. Contamination in water can be detected by
inspection, taste and smell: if contamination is suspected water should be tested in a
laboratory before its use is permitted.

2.4 Tests

The following field tests may be carried out to determine the quality of water:

a. Tests for acidity or alkalinity. Litmus paper test is the simplest test and gives a fairly
good & approximation of the quality of water.
b. Sulphate, the water is acidified with dilute sulphuric acid and then a little barium

chloride solution is added. Formation of white precipitate indicates the presence of
sulphates. This should be compared with the local tap water similarly treated.

C. Carbon dioxide. By adding a few drops of dilute hydrochloric acid, a rapid evolution of
carbon dioxide will. take place.

2.5 Storage
Water is required to be stored at the Site of Work in watertight tanks or containers in sufficient
guantity so that work is not held up at any stage for want of water. These storages shall be

covered, so that no dust or impurities are imparted to the water. Long storage should be
avoided, to eliminate stagnation and weed growth.
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2.6 Measurements
a) Water shall be measured in bulk; the unit of measurement shall be 1000 gallons, 100
Cft Rate or 1000 liters.
b) The unit rate shall include procurement, delivery and storage at Site of Work to be
defined in the Conditions of Contract.
2.7 Rate

The unit rate shall be full compensation for supplying of water, its transportation and storage
etc. complete including all incidentals.

2.8 Payment

Payment shall be made under:

Pay item Number Description Unit
2.8.1 Supply of Water of Specified | Per 1000 Liters.
Quality
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CHAPTER - 3 CEMENTING MATERIALS - CLAY, LIME, CEMENT &
GYPSUM

3.1 Clay

3.1.1 Description

This section covers the quality of clay intended for use in preparing mud mortar, manufacturing
of bricks and filling under floor.

3.1.2 Source
Clay shall be obtained from good earth containing 20 to 30% fine sand.
3.1.3 Quality

Clay shall not contain more than 0.5% soluble salts; more than 0.2% sulphate; and more than
4% organic contents. It shall not contain any gravel, coarse sand; roots of grass and plant.

3.1.4 Preparation for Bricks and Bricks Tiles

Clay before use shall be dug up and left to weather for a week. It shall be thoroughly watered,
turned over for at least 48 hours and tempered until free from lumps and it is stiff. Any stone
found shall be picked up by. The tempring shall be done in a pug mill, or by treading. When
ready for moulding, the clay shall be of such consistency (plasticity index 7 to 10 for hand
moulding) so as to give a homogenous bricks or tiles.

3.1.5 Measurement

Clay shall be measured in bulk. The unit of measurement shall be one hundred cubic feet or
one cubic meter.

3.1.6 Rate

The unit rate shall include excavation, loading, unloading and carriage of clay, if any up to the
Site of Work to he defined in the Conditions of Contract.

3.1.7 Payment

Payment for supply of clay shall be made under

Pay item Number Description Unit
3.1.7.1 Supplying of clay of specified | Per 100 cubic feet or
quality cubic meters.
3.2 Lime

3.2.1 Description

This section covers supplying of un-slaked “stone lime” or “kankar lime” for construction work
from an approved source.

3.2.2 Source
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Stone, fat or white lime shall be manufactured from lime stone containing at least 90% pure
carbonate of lime. Lime stone shall be obtained from an approved source. Kankar lime shall
be burnt from good quality kankar modules having a blue grey fracture free from sand grains.
The kankar shall be quarried from an approved source.

3.2.3 Classification

Lime may he classified in two main groups, namely Non-hydraulic Limes and Hydraulic Limes.
a. The Non-hydraulic Limes

The non-hydraulic limes depend solely upon the absorption of carbon dioxide from the
atmosphere for setting and hardening. These may be of the following two kinds.

i. High Calcium Lime

Also called stone, white or fat lime. it contains from 95 % upwards of calcium. Oxide. It exhibits
a high degree of plasticity and sets and hardens slowly entirely on absorption of carbon dioxide
from the atmosphere. it is most suitable for plastering when used for mortar, however, it should
be gauged with a proportion of cement.

i Poor Lime.

It is relatively impure lime containing from about 10% to 40% of impurities insoluble in acid,
otherwise it possesses the general properties of rich lime though to a lesser degree.

b. Hydraulic Limes.

The hydraulic limes set and harden under water due to the presence of constituents like silica
and alumina which enable them to be independent of atmosphere. These limes are obtained
from kanker or clayey limestones. Properties of hydraulic limes depend upon the proportion of
clay present which may vary from 5 to 30%. The larger the proportion of clay, the more
sluggish the slaking and the greater the hydraulic property. Hydraulic Limes are suitable for
works under water and for all positions where strength is required as they have much less
tendency to shrink or crack than non-hydraulic limes. Semi-hydraulic limes contain silica and
alumina in proportions intermediate between non-hydraulic and hydraulic Limes.

3.2.4 Calcination

Calcination may be affected by two methods, namely, Intermittent burning and Continuous
burning.

a) The Intermittent burning method consists in firing and burning a. kiln full of a mixture
of limestone and fuel each time. The complete operation of filling, burning, cooling and
emptying the kiln takes a week. The quality of lime produced is generally good but the
method is laborious and uneconomical from, the point of view of fuel consumption.

b) The Continuous burning system can be followed in three main types of kilns as follows:
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i.  Avertical kiln in which a mixture of limestone is charged in alternate layers into the top
of the kiln, the lime being removed gradually from the bottom. The lime suffers from
the disadvantage of being mixed with ash which must be removed if a good quality of
lime is required.

i. A Kkiln in which the limestone and fuel are separate, the fuel being burnt in external
furnaces. This type or kiln should he used when pure lime is required.

iii. A Rotary Kiln consists of a sloping rotating cylinder of up to 200 feet length. These
kilns are heated by injecting air and, bel at the lower end, combustion takes place in
the cylinder and the hot gases pass out to a chimney. The. limestone introduced is
converted to quicklime while passing clown the length of the kiln.

3.2.4.1 Storage

Lime is stored in dry and weatherproof sheds in compact heaps so as to expose as small an
area as possible to air to prevent air slaking. It should he used as fresh as possible because
long storage results in deterioration.

3.2.4.2 Calcination of Stone Lime

The limestone shall be broken into pieces so that it will pass through a ring of 2$ diameter
before placing it in the kiln. For firing the kiln, coal, charcoal; wood or screened cinders shall
be used (as specified in the Conditions of Contract); under no circumstances shall upla (cow
dung) be used. The lime when slaked shall be free from unburnt lumps and shall increase to
not less than 1.8 times its original bulk. In drawing it from the kiln care shall be taken to remove
as much ash as possible.

3.2.4.3 Calcination of Kankar Lime

The Kankar lime shall be broken up to 2" gauge and shall be burnt in the same way, as
specified in the paragraph 4 above. The kankar when burnt shall be carefully handpicked so
as to exclude all over and under burnt pieces and shall then be ground fine and passed through
a screen of 12 X 12 meshes to the square inch.

3.2.5 Quality

The lime shall be of first-class quality free from admixture of coarse sand or cinders

3.2.6 Storage

Lime shall be stored in dry and weather proof sheds, in a compact heap so as to expose to air
as small an area as possible, in order to prevent air slaking. Lime shall not be stored for a long
time after burning but be used as fresh as possible.

3.2.7 Measurement

Stone lime shall be measured by weight before slaking. The unit of measurement shall one
kilogram. Kankar lime shall be measured in bulk before slaking. The unit of measurement shall

be one hundred cubic feet or one cubic meter.

3.2.8 Rates
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The unit rate shall include furnishing, grinding and screening, of lime as per above
specifications, delivery, stacking and slaking at Site of Work to be defined in the Conditions of

Contract.

3.2.9 Payment

Payment shall be made under:

specified quality

Pay item Number Description Unit
3.2.9.1 Supply of stone lime of | Per Kilogram
specified quality
3.2.9.2 Supply of Kankar lime of | Per 100 cubic feet or

cubic meters
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3.3 Portland Cement

3.3.1 Varieties of Cement

Cements in common use are of the following types:

3.3.1.1 Ordinary Portland Cement

It is manufactured by intimately mixing together calcareous and argillaceous and/or other silica
and alumina or iron oxide bearing materials; burning them at a clinkering temperature and
grinding the resulting clinker so as to produce a cement capable of complying with British
Standard Specification No. 12, 1958. No materials other than gypsum (or its derivatives) or
water, or both, shall be added after burning. To comply with B.S. EN 197-1: 2011, the
requirements of (i) Fineness of grinding (ii) Chemical Composition (iii) Strength (iv) Setting
time and (v) Soundness should be as described in standard. This is used normally for all
ordinary mortars and concrete.

3.3.1.2 Rapid Hardening or High early Strength Cement

Rapid Hardening Portland Cement is a true Portland cement complying with the B.S. EN 197-
1: 2011, but made with such refinements in manufacture as to produce superlative quality. Not
only is it notable for high early strength but also its ultimate strength is considerably greater
than that of an ordinary Portland cement.

3.3.1.2 Quick Setting Cement

When cement is required to be placed under running water it is necessary that it should start
setting within a few minutes after being mixed with water and that it should complete its setting
action within half an hour and become hard. Such cements contain a higher percentage of
alumina which hydrates quickly to form calcium aluminate and calcium alumino-ferrite. They
also contain smaller percentage of retarder. It is very difficult to work with a quick setting
cement as all the mixing and placing of concrete has to be done before the initial setting starts.

3.3.1.3Low Heat Cement

In large masses of concrete, the hydration of cement continues for a long period and generally
the rate of generation of heat is more than could be dissipated ordinarily. In order to avoid the
installation of complicated devices for conducting the heat from the interior to the exterior,
cements with Low Heat of. Hydration are used. These cements contain a lower percentage of
tricalcium silicate, the constituent which hydrates quickly, and a higher percentage of dicalcium
silicate that hydrates slowly. Thus, low heat cements are virtually those that have a very slow
and a controlled rate of hydration. The proportion of tricalcium aluminate is also reduced. The
composition of ordinary cement and low heat cement is shown below:

Type of Cement 2Ca0. SiO; 2Ca0. SiO; 2Ca0;, Al;O3
Ordinary Cement 40 p.c. 30 p.c. 10 p.c.
Low Heat Cement 30 p.c. 40 p.c. 7 p.c.

3.3.1.4 High Alumina Cement

This cement has a high proportion of aluminates, usually well over 35 per cent. It develops
strength very rapidly and becomes as strong in 24 bouts as ordinary cement does in 28 days.
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The setting action is mainly due to the formation or calcium aluminates which are first to
hydrate in any cement. A rapid process of hydration is necessarily accompanied by an equally
rapid liberation or heat, which is not desirable at ordinary temperatures. In fact, it is necessary
that with any cement (i) the gaining in strength with age (ii) the corresponding Fate of hydration
(iii) the liberation and the dissipation of heat during the curing period should all balance in such
a way that concrete does not shrink and develop cracks subsequently. Tricalcium aluminate
is liable to high volume changes after setting which is necessarily a disadvantage in using high
alumina cement. High alumina cement is manufactured by calcinating a mixture of lime and
bauxite. It is more resistant to attack by sulphurous acids and also to the action of frost.

3.3.1.5 Portland Blast Furnace Cement

Blast furnace stag is used to the extent of 60 to 65 per cent in making cement. It is ground
with clinker but before it is mixed with clinker for grinding, the slag has to be crushed to a
granulated form. Virtually slags are rapidly cooled (igneous) rocks and when finely ground,
blast furnace slag, in particular, possesses cementing properties. Usually one ton of blast
furnace slag is produced as a by-product in the manufacture of every ton of pig iron. Blast
furnace slag contains all the basic elements of cement, viz, silica, alumina and lime; their exact
proportions depend upon the basic or acidic type of the slag used in the blast furnace. The
cement produced from the blast furnace slag possesses the same properties as the normal
setting cement. It is equally strong and durable and its use is economical as it is a waste
product of the iron industry. However, if an excess or sulphides is present in slags their cement
develops a tendency to disintegrate on exposure to the weather. This is a usual drawback in
using slag freely.

3.3.1.6 Colored Cement

Colours are imparted to ordinary cements by mixing colouring matter to it in the form of mineral
pigments. Usually 5 to 10 per cent of the colouring matter is added to obtain the required
shade. The mineral oxides used as pigments are rather costly. Iron oxide, gives red, yellow or
brown colour, chromium oxide gives green colour; cobalt gives blue colour. For black or brown
colour manganese dioxide is used. White cement is prepared with raw materials almost free
from iron; it is the normal setting or ordinary cement, except for the absence of any colour but
white.

3.3.1.7 Special Varieties

Besides the above-mentioned varieties there are certain types of cement which can be
obtained by adding materials like calcium chloride or Pozzolanic sands to ordinary cement.

i) Calcium Chloride and Cement.

Calcium chloride acts as an accelerator and the rate of development of strength is increased
by the addition of about 2% of calcium chloride to the ordinary cement. A higher per cent of
calcium chloride causes excessive shrinkage of concrete and 'at the same time it is detrimental
to the reinforcement of R.C.C. work. Cements to which chlorides are added show better setting
and hardening properties in cold water.

i) Pozzolana Cement.
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The name Pozzolana is derived from Pozzuoli, a town in Italy on the Bay of Naples, near
Mount Vesuvius. The sand around this town when mixed with hydrated lime was found to
possess hydraulic properties. These sands are of volcanic origin. The siliceous spray which
once issued from the volcano suddenly cooled and came down as drops and droplets which
formed these sands. Pozzolanic materials have varying composition. Lime and magnesia
contents are very low, usually 2 to 10 %, while silica is present even to the extent of from 40
to 60%, The rest is made up of oxides of alumina and iron.

3.3.2 Sampling

For carrying out tests mentioned above it is essential that the sample for the test should be
taken with considerable care. It should be taken within one week of the delivery of the cement,
stored in a dry and clean air tight container and tested within 4 weeks of delivery. It should be
at least 151bs in weight and truly representative of the consignment, or part of a consignment
sampled. It should consist of a mixture of at least 12 equal sub-samples taken from places
evenly Paced throughout the consignment, or part of a consignment sampled. Sub-samples
of bulk cement should be taken from the bulk container or Containers during filling or emptying.
For cement in bags; drums or other packages, not more than one sub-sample should be taken
from any one bag, drums or other package. Where there are fewer than 12 bags, drums or
other packages to be sampled, one sample should be taken from earth. The cement be
sampled and tested to verify compliance with this section in accordance with Practice ASTM
C183.

3.3.3 Tests
3.3.3.1 Description

Determine the applicable properties enumerated in this section in accordance with following
test methods:

Chemical Analysis — Test Method ASTM C114.

Strength — Test Method ASTM C109.

Fineness by Air Permeability — Test Method ASTM C204.

Heat of Hydration — Test Method ASTM C186.

Autoclave Expansion — Test Method ASTM C151

Time of Setting by VI cat Needles — Test Method ASTM C191.

3.3.3.2 Fineness of Grinding

The principal result of finer grinding is to hasten the early development of strength. Final
strength may also be increased provided favorable curing conditions arc maintained over a
period of time. Another advantage of finer grinding is the reduction of the amount of bleeding
of concrete or mortar in which the cement is used.

3.3.3.3Chemical Composition
The purpose of this test is to determine:

i.  Lime saturation factor
ii.  Alumina iron ratio
iii.  Loss on ignition
iv.  Insoluble residue
v.  Magnesia and sulphuric anhydride in a given sample of cement.
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3.3.3.4 Strength

The purpose of this test is to determine the tensile and compressive strength of a given sample
of cement.

3.3.3.5 Setting time

Cement is tested for (i) Initial setting time and (ii) Final setting time. It is; necessary that the
selling time should be sufficient to allow freshly mixed Mortar or concrete to be deposited and
worked in position. Any disturbance after the initial setting has commenced is fatal to the
strength of the set mortar or concrete. As. the setting and hardening of the cement compound
depends upon the presence of water, precaution should be taken against drying until the
setting action is completed. Vicat apparatus method is usually employed to determine the
setting time.

3.3.3.6 Soundness

The purpose of the soundness test is to determine if there is anything in the cement that will
cause disintegration of the concrete or mortar in which the cement is used This test is carried
out by the Li-Chatelier apparatus; the cement is subjected to an increased rate of hydration
and its behavior observed.

3.3.4 Rejection

1. The cement shall be rejected if it fails to meet any of the requirements of this section.

2. Retest, before using, cement remaining in bulk storage for more than 6 months or
cement in bags in local storage in the custody of a vendor for more than 3 months after
completion of tests and reject the cement if it fails to conform to any of the requirements
of this section. Cement so rejected shall be the responsibility of the owner for record
at the time of resampling for retest.

3.3.5 Packaging and Package Marking

When the cement is delivered in packages, the words “Portland Cement,” the type of cement,
the name and brand of the manufacturer, and the mass of the cement contained therein shall
be plainly marked on each package. When the cement is an air-entraining type, the words “air-
entraining” shall be plainly marked on each package. Similar information shall be provided in
the shipping documents accompanying the shipment of packaged or bulk cement. All
packages shall be in good condition at the time of inspection.

3.3.6 Storage

Cement must be stored in a weatherproof shed or godown. The storage of Portland cement
has never been free from difficulties and as the cement of today is more finely ground than
ever, the difficulties of storing without damage arc increasing. Portland cement has a great
avidity for water and will' readily absorb moisture from the atmosphere or from damp materials
in contact with it. The absorption by cement of 1 percent or 2 percent of water has no
appreciable effect but further amounts of absorption retard the hardening of the cement and
reduce its strength. If the absorption exceeds 5 percent the cement is, for all purposes, ruined.
The more finely cement is ground, the more active it is, and consequently the more rapidly
does it absorb moisture from damp surroundings; naturally the finely ground, modern cements
are more susceptible to damage than the cements of twenty years ago. The best method of
storage is that adopted by the cement manufacturers, viz., in bulk; and bins of loose cement
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6 feet or more in depth can lie intact for longer than a year with no more damage than the
formation of a crust about two -inches thick which must be removed before the cement is taken
for use. It need hardly be added, that the walls and 11nor or the cement bin must be damp-
proof. Hence, if prolonged storage of cement. is seen to be unavoidable it is better to empty it
from the sacks and stock it in as deep a heap as possible in a building of which the walls and
Floor are nonporous and damp-proof, the latter being preferably of concrete, or of timber
raised by a foot or so from the ground with an airspace below. When cement is stored in sacks
absorption of moisture takes' place from the air through the sack on all sides which are not in
contact with other sacks. It is then only a matter of time before sufficient water is absorbed to
injure the cement. Indications of damage by storage are given by the cement becoming lumpy
and when this happens the lumps should be screened out unless they are soft enough to be
crumbled between the fingers. When stored in sacks in. a shed such as would be used by a
contractor, the strength (as averaged at all. ages) may decrease as follows, the figures
showing the percentage compressive strength (of a mixture of | part of cement to 5 parts of
aggregate) as compared with the cement before storage:

» Cement as received fresh 100percent.
» Cement after 3 months storage 80 percent.
» Cement after 6 months storage 72 percent.
» Cement after 1-year storage 60 percent.
» Cement after 2 years storage 46 percent.

Thus, the cement after two years storage has less than half the strength or the original cement.
Multiple paper sacks have been found quite suitable packing for transport of materials by rail
or road and are strong enough for shipping in ocean lines while as a means of protection from
atmospheric moisture they are superior to jute sacks.

The following precautions should be taken if cement has to be stored in sacks; -

a) Reduce the time of storage as much as possible.

b) The sacks should be stacked closely on a damp-proof floor or on timber raised a foot
or so from the ground with air space below. There, should be a similar air space
between the stack and walls and roof of the building, which should have sound
weatherproof walls and roof.

c) To avoid bursting of bags and setting under pressure the height of the stacks should
be limited to 8 bags.

3.3.7 Quality of Cement

Cement shall conform in respect of chemical composition, manufacture, fineness of grinding,
strength, setting time and soundness to the British Standard Specifications mentioned below:

Ordinary Portland Cement B.S. EN 197-1: 2011
Rapid Hardening B.S. EN 197-1: 2011

Portland Blast Furnace B.S. EN 197-1: 2011
Low Heat Portland B.S. B.S. EN 197-1: 2011
High Alumina BS EN 14647:2005

® 20T
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3.3.8 Rage

Cement shall be stored in a dry place on a raised platform and guarded from sun, wind and
rain in a waterproof shed or godown. Cement bags shall be stacked on a damp proof floor or
on timber raised at least one foot from the ground with air space below. There shall be similar
air space between the stack and walls and roof of the building. The maximum height of shall
not exceed eight bags.

3.3.9 Measurement

Cement shall be measured by weight. The unit of measurement shall be one metric ton
(tonne).

3.3.10 Rate

The unit rate for supply of cement, at site of work shall be full compensation for cost of cement,
octroi charges, unloading from wagons/trucks, transportation to site of work, and its storage
in godown.

3.3.11 Payment

Payment for supply of cement, when specifically called for in bid schedule, shall be made
under:

Pay item Number Description Unit
3.3.11.1 Supply of Portland cement of | Per metric ton
specified quality.
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3.4 Gypsum
3.4.1 Description

This specification covers gypsum, calcium sulfate combined with two molecules of water in
crystalline form and having the approximate chemical formula CaSO4.2H20.

3.4.2 Sampling
3.4.2.1Bulk

When gypsum is shipped in bulk, samples of approximately 5 Ib. (2 kg) each shall be taken at
regular intervals during the complete loading or unloading of the carrier, in such a way as to
accumulate not less than 200 Ib. (90 kg) of material and to represent correctly the percentages
of both the coarse particles and the fines in the shipment. This material shall be broken to
pass a 1-in. (25.0-mm) sieve, thoroughly mixed, and reduced by quartering to provide not less
than a 1-Ib (0.5-kg) sample for the laboratory.

3.4.2.2 Packages

When gypsum is shipped in packages, not less than 1% of the packages shall be sampled.
Samples shall be taken from both the surface and the center of the packages. These samples
shall then be broken, mixed and quartered in accordance with Section 3.4.2.1 of these
specifications.

3.4.2.3 Laboratory Samples

Each laboratory sample shall be placed immediately in an airtight container and shipped to
the laboratory for testing.

3.4.3 Test Methods

1. The chemical composition of gypsum shall be determined in accordance with Test
Methods ASTM C 471.

2. The physical properties of gypsum shall be determined in accordance with Test
Methods ASTM C 472.

3.4.4 Inspection

Inspection of the gypsum shall be agreed upon between the purchaser and the supplier as
part of the purchase agreement.

3.4.5 Rejection

Gypsum that fails to conform to the requirements of this specification may be rejected.
Rejection shall be reported to the producer or supplier promptly and in writing. The notice of
rejection shall contain a statement documenting how the gypsum has failed to conform to the
requirement of this specification.

3.4.6 Certification

When specified in the purchase agreement, a manufacturer’s or supplier's report shall be
furnished at the time of shipment certifying that the product is in compliance with this
specification.
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3.4.7 Packaging and Package Marking

=

Gypsum shall be shipped either in packages or in bulk.
2. The following information shall be legibly marked on each package or on a tag of
suitable size attached thereto:
a. Name of manufacturer.
b. Description of material
c. Net or gross weights, or both, of the package.
3. When shipped in bulk, a card containing the required information in accordance with
3.4.7.2 shall be conspicuously placed in the carrier.

3.4.8 Storage

The gypsum shall be stored in such a manner as to permit easy access for proper inspection
and identification of each shipment, and in a suitable weather-tight building that will protect
the gypsum from dampness and minimize ware house set.

3.4.9 Measurement

Gypsum shall be measured by weight. The unit of measurement shall be one metric ton
(tonne).

3.4.10 Rate

The unit rate for supply of gypsum, at site of work shall be full compensation for cost of cement,
octroi charges, unloading from wagons/trucks, transportation to site of work, and its storage
in godown.

3.4.11 Payment

Payment for supply of gypsum, when specifically called for in bid schedule, shall be made
under:

Pay item Number Description Unit
3.4.11 Supply of Gypsum of specified | Per metric ton
quality.
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CHAPTER 4 CLAY BRICKS AND TILES

4.1 Clay Bricks

A clay brick is a building unit made of a size that can be conveniently handled with one hand,
rectangular. in form and of such proportions that the length equals twice the width plus one
mortar joint whilst the depth is less than the width. It is, however, termed a tile when it is used
for special purposes such as canal lining, roof covering, etc. In such cases the sizes in use
are 12"x6”’x2", 12”’x6"x 11" and 9" x 9" X 2” or any other size to give a desired decorative
shape.

4.1.1 Clay
4.1.1.1 Selection of Clay

The clay for brick making should conform to Specifications. An excess of silica in clay causes
the brick to be brittle. Presence of limestone or chalk acts-chemically in burning as flux causes
the particles of brick to unite, producing greater molecular strength and in small quantities
diminishing contraction. An excess of calcium carbonate causes the bricks to melt in burning
and. lose their shape Magnesia in clay tends to give a yellowish lint to the bricks. Oxide of iron
lends the bricks its peculiar red colour. But if it occurs in clays as iron purities it should be
removed carefully; otherwise it will oxidize in the brick, crystallize and split it to pieces. Salt in
excess causes the brick to warp and twist and in addition causes efflorescence when the brick
work is exposited to weather Clay should never be obtained from a locality Where there are
white ants;

4.1.1.2 Tests for good brick clay

The brick making quality of clay is usually ascertained by making brick out of the given clay
and treating it exactly as other bricks are treated, by firing it in a brick kiln. If the brick does not
come up to the required standard, chemical analysis will suggest what might be added to
improve the clay.

4.1.1.3 Preparation of Clay

The clay is dug up and left to weather. The stones and roots, etc. are picked out carefully by
hand or by screening. It is then thoroughly watered, repeatedly turned over and tempered for
at least 48 hours before use until it is homogeneous and stiff enough for molding. Soft clay
may be tempered by tread mg. Machinery has, however, made it possible to crush and grind
and temper much harder material obtained from the older geological formations in which clay
has been consolidated into shale by earth pressure. When soil is too clayey, sand or chopped
straw may be added to improve its quality.

4.1.1.4 Molding

The object of molding is to give the clay a definite shape. It may be done in the following
different ways: -

1) Hand Molding
Hand molding requires clay to be soft and easy to work. An iron mould without top or bottom,
about 1/10th bigger in size in all directions than that of the required bock (as clay shrinks about

one tenth in all directions) is placed over a stock board with a fillet formic a projection fixed
upon it. The purpose of the fillet is to form a frog in the brick. The mould is either wetted or
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sanded so as to prevent the surface of the raw, brick from adhering to its sides. The moulder
then dashes and presses a clot of tempered clay, which Inc has immediately before kneaded
with his hands and from which lie has removed any stone which may have escaped previous
detention, He then takes the stoke which is usually a pine fillet about 16’x 11"x3/8" and draws
and pushes off superfluous clay over and above the level of the sides of the mould. The mould
is then lifted up leaving behind the benk on the ground for drying.

2) Mechanical Molding
Mechanical molding is carried out either by wire-cut process or by press-molding process.
i) Wire Cut Process

Derives its name from the fact that the clay is extruded in the form of rectangular column and
cut into the proper size by means of wire stretched on a frame. The extrusion machine takes
the form of a cylindrical barrel with a central shaft extending the greater part of its length. This
shaft carries either a series of blades set at an angle (pug mill) or a continuous work (auger
machine) to force the clay forward to the tapered mouth piece on the extremity of which is the
die that gives the clay column its shape. Stiffer clay can be used in this process than that
required for hand molding.

i) Press Molding

In Press Molding process clay is used in a still stiffer condition than in the wire cut process. It
is forced into mold forming clots which have roughly the shape of a brick. These clots are then
automatically brought under a press which gives them the exact shape and size required.

4.1.1.5 Drying

After molding the process of drying commences. The object of drying is to evaporate the
superfluous moisture without damaging the brick and to render it sufficiently hard to be
handled without injury and to enable the raw. brick to possess the requisite strength to
withstand the pressure caused by stacking in the kiln during the process of burning.
Immediately after molding the raw brick is placed on. its bed on a drying floor which is slightly
convex; the bricks are then sprinkled with sand to absorb superfluous moisture. After one
day's exposure the raw bricks are placed on their sides in parallel lines with about; half an inch
of space between them. When they are sufficiently hard to stand four to six feet high piling,
they are built up in open stacks to allow them to dry quickly, the bricks so dried are also termed
'‘Sundried bricks'.

4.1.1.6 Burning

The objects of burning are to drive the water from the clay and thus cause it to lose its plasticity
and lo fuse the constituents into a homogeneous body so as to impart strength and durability
to the brick. The operation of burning is conducted in a kiln. Kilns may be classified into the
following three categories.

1) Intermittent kilns

These are chambers of brickwork either round or rectangular, with grates in the side walls and
an arrangement of flues leading to a stack which draws the hot gases from the fires through
the bricks to be burnt. The bricks from the driers are set in the kiln, the entrances (wickets)
are bricked up and sealed with clay, fires are lighted and their heat gradually increased until
the necessary temperature is reached and held for a certain time (soaking time) When the
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whole kiln is allowed to cool. This process is more expensive than the continuous kilns and is
used for producing small quantities of bricks.

2) Continuous Kiln

The continuous kiln was invented by Hoffmann in 1862. It consists of a series of connected
chambers in a circular or more commonly rectangular arrangement, which allows the fire to
be led gradually round the whole circuit, burnt bricks being drawn and raw bricks start in the
chambers furthest from the fire. The continuous kilns are much more economical in fuel than
intermittent kilns because the (bells dropped in through feed holes in the roof and burns among
the bricks and because a large part of the heat set free by the burnt bricks in cooling from red
heat to a temperature At which they can be handled is used in heating the air passing to the
fires and in drying and warming the newly set raw bricks.

3) Car Tunnel Kilns

In this type of kiln, the bricks arc moved through stationery fire on cars travelling on rails. A
kiln car has a deck made of fire bricks and metal aprons on either side run in channels filled
with sand to seal the bottom of the tunnel and prevent the wheels and axles of the cars from
being damaged by the fire. Car tunnel kilns arc usually about 300 feet long and the very
considerable weight of the cars loaded with bricks is moved by a hydraulic ram which pushes
a fresh Car into the kiln every hour or so. The cars of burnt bricks are pulled out at the opposite
end and unloaded outside the kiln, the working conditions thus being far better than in any
other types of kilns where the drawers have to. work inside the chambers which may be
unpleasantly hot.

4.1.2 Classification of Bricks

Bricks as they come from the kiln are stored and stacked in stacks of one or two thousand
separately, accordingly as they are First Class, Second Class, third class (under burnt or
'pilla’ and over burnt or Jhama). Classes categorize bricks according to their compressive
strength and absorption test. Two classes are covered and the class requirements are
shown below.

Designation | Minimum Compressive Maximum Water absorption by 1-hr,
Strength %
Average of 5 individual | Average of 5 Bricks individual
Bricks

1% Class 2000 1750 17.0 20.0

2" Class 2000 1750 25.0 28.0

4.1.3 Properties of Bricks

The main properties that are of practical significance are outlined below: —

4.1.3.1 General Physical Characteristics

A good clay brick should have a line, compact in uniform texture. It should be sound, hard and
well burnt, and should give a metallic tinkle when struck with a hammer or another brick it

should be of uniform colour and free from cracks, fissures, holes, air bubbles, lumps, pebbles
and stones and patrticles of lime, etc. It should not contain soluble salts in excess of 0.5 %.
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4.1.3.2 Size

Bricks required in building for architectural work usually measure 9" x 4 1/2" x 2 1/2." so that
every four courses laid in mortar measure a foot in height. Brick used for road work as soling
measure 9" x 4 1/2" x 3 " as no mortar is used in their laying. Bricks used in irrigation works,
for canal lining and similar uses besides the above two dimensions measure 10" x 4 7/8".
Bricks used for special works shall measure according to the special needs.

4.1.3.3 Compressive strength

The average compressive strength of a good clay brick varies from 2000 to 3000 Ibs. per
square inch.

4.1.3.4 Water absorption

This test is significant as it gives an index of the durability of the clay brick. This test is carried
out in the laboratory in the following manner: —
The weights of samples of bricks are taken: —

i.  When dry at room temperature;

ii.  Afterimmersion in water at room temperature for 24 hours;

iii.  After boiling in water for 5 hours and cooling in water overnight.
In each case the weight of water absorbed is expressed as percentage of the corresponding
weight of dry bricks. Water absorption by dry weight of an average first-class brick varies from
10 to 15 percent and that of a second-class brick varies from 15 to 25 percent.
Saturation coefficient is the ratio of the absorption in (ii) above by immersion in (cold) water to
the absorption in (iii) above by immersion in boiling water. Saturation coefficient is used in
conjunction with other properties of the bricks to assess their frost resistance. Water
absorption and saturation coefficient of bricks are not constant for any one type of brick. Like
strength they vary from brick to brick in the same group and make.

4.1.3.5Clay for bricks

a. Clay for bricks shall conform to specifications No, 3.

b. The clay as selected and approved shall be thoroughly watered, repeatedly turned over
for at least 42 hours and tempered until homogeneous and stiff enough for moulding. Any
stone found shall be picked out by hand. The tempering shall be done in a pug mill, or by
treading. When ready for molding the clay shall be of such consistency (Plasticity Index 7
to 10 for hand moulding) so as to give a homogeneous brick, which shall not bulge or
become misshapen in anyway.

4.1.3.6 Frogging

Unless otherwise specified, one bearing face of each brick may have a recess or panel frog
and deep frogs. The recess or panel frog shall not exceed 3/8 in. (9.5 mm) in depth and no
part of the recess or panel frog shall be less than %" (19.1 mm) from any edge of the brick.

4.1.4 Handling of Raw Bricks

The raw bricks handled for drying and then taken to kiln for burning shall be handled with great
care so that the corners or edges or other parts of the bricks are not damaged.

4.1.5 Types of Bricks

4.1.5.1 Second Class Bricks
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Second class bricks shall be as well burnt as first class, or slightly over burnt but not vitrified
in any part and must give a clear ringing sound when struck. In this class of bricks slight
irregularities in size, shape, or colour will be accepted but not such as to give irregular or
uneven courses when used. Second Class bricks may have slight chips or flaws. They shall
not absorb more than I/4th their weight of water alters one hour's immersion. Their
compressive strength shall not be less than 2000 Ibs per sg. inch.

4.1.5.2 Third Class or Under burnt or Pilla Bricks

These bricks are not so fully burnt as first or second-class bricks. Any defects in uniformity or
shape must not be such as to cause difficulty in obtaining uniform courses with their use. The
use of third-class bricks is prohibited except as substitutes for sundried bricks.

4.1.5.3 Jhama Bricks

Jhama bricks are bricks so over burnt as to get vitrified or distorted and are Useless for exact
work. They may be broken up for ballast provided the vitrified mass has not become porous
or spongy in the process of being over burnt.

4.1.5.4 Sundried Bricks

Sundried bricks shall be unburnt bricks. Any defects in uniformity or shape must not be such
as to cause difficulty in obtaining uniform courses with their use.

4.1.6 Stacking

The bricks shall be sorted and arranged in stacks of one or two thousand as specified. Each
stack shall be 10 courses high and two bricks thick so that at least one ands of every brick arc
visible. At least two feet space between the slacks shall he left for the purpose of inspection.
Each class of bricks shall be stacked separately.

4.1.7 Sampling

The bricks or tiles required for carrying out the tests laid down in these specifications shall be
taken by one of the methods given below: —

4.1.7.1 Sampling bricks or tiles in motion

Whenever practicable samples shall be taken whilst the bricks or tiles are being moved; for
example, during loading or unloading. In this case the bricks or tiles shall be taken at random
from each of a number of convenient portions of the consignment& batch. The portion chosen
should be small enough in relation to the whole to provide the minimum number of samples
specified below.

4.1.7.2 Sampling bricks or tiles from a stack

Samples shall be taken each at random from a stack of bricks or tiles. The number of bricks
required for the tests shall be taken from across the top of the stack, the sides accessible and
from the interior of the stack by opening the trenches from the top. Whichever method is
employed a sample of 50 bricks/tiles shall be taken at random from every consignment of
50,000 bricksltiles or part thereof. The samples thus taken shall be stored in a dry place not
in contact with the ground until the tests are made. The bricks for tests shall be taken at
random from the sample.

4.1.7.3 Selection of Test Specimens
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For the purpose of these tests, full-size brick shall be selected by the purchaser or by his
authorized representative Specimens shall be representative of the whole lot of units from
which they are selected and shall include specimen’s representative of the complete range of
colors, textures and sizes in the shipment and shall be free of dirt, mud, mortar, or other foreign
materials unassociated with the manufacturing process.

4.1.7.4 Number of Specimens
1) Brick

For compressive strength and absorption test at least ten brick shall be selected from each lot
of 50,000 bricks or fraction thereof. For lots of more than 500,000 bricks, five individual bricks
shall be selected from each 100,000 bricks or fraction thereof contained in the lot. In no case
shall less than ten bricks be taken. Additional specimens may be taken at the discretion of the
purchaser.

2) Identification

Each specimen shall be marked so that it may be identified at any time. Markings shall cover
not more than 5% of the superficial area of the specimen.

4.1.7.5 Weight Determination
1) Drying

Dry the test specimens in a ventilated oven at 230 to 239°F (110 to 115°C) for not less than
24 h and until two successive weights at intervals of 2 h show an increment of loss not
greater than 0.2% of the last previously determined weight of the specimen.

2) Cooling

a) After drying, cool the specimens in a drying room maintained at a temperature of 75 £

15°F (24 £ 8OC), with a relative humidity between 30 and 70%. Store the units free from
drafts, unstacked, with separate placement, for a period of at least 4 h and until the

surface temperature is within 50 of the drying room temperature. Do not use specimens
noticeably warm to the touch for any test requiring dry units. The specimens shall be
stored in the drying room with the required temperature and humidity maintained until
tested.

b) An alternative method of cooling the specimens to approximate room temperature
shall be permitted as follows:
Store units, unstacked, with separate placement, in a ventilated room maintained at a
temperature of 75 +15°F (24 + 8°C), with a relative humidity between 30 and 70 % for
a period of 4 h and until the surface temperature is within 5° of the ventilated room
temperatures, with a current of air from an electric fan passing over them for a period
of at least 2 h. The specimens shall be stored in the ventilated room with the required
temperature and humidity maintained until tested.

4.1.7.6 Weight and Report
Weigh five dry full-size specimens. The scale or balance used shall have a capacity of not less

than 3000 g and shall be sensitive to 0.5g. Report results separately for each brick with the
average for five bricks or more.
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4.1.8 Testing

4.1.8.1 Compressive Strength
1) Test Specimens

i) Brick

The test specimens shall consist of dry half brick the full height and width of the unit, with a
length equal to one half the full length of the unit £ 1 in. (25.4 mm), except as described below:
If the test specimen, described above, exceeds the testing machine capacity, the test
specimens shall consist of dry pieces of brick, the full height and width of the unit, with a length
not less than one quarter of the full length of the unit, and with a gross cross-sectional area

2 2
perpendicular to bearing not less than 14 in. (90.3 cm ). Test specimens shall be obtained by
any method that will produce, without shattering or cracking, a specimen with approximately
plane and parallel ends. Five specimens shall be tested.

2) Capping Test Specimens

All specimens shall be dry and cool before any portion of the capping procedure is carried out.
If the surface, which will become bearing surfaces during the compression test, are recessed
or paneled, fill the depressions with a mortar composed of 1 part by weight of quick-hardening
cement conforming to the requirements for Type Il cement of Specification C 150, and 2 parts
by weight of sand. Age the specimens at least 48 h before capping them. Cap the test
specimens using one of the two procedures described in i) and ii).

)] Gypsum Capping

Coat the two opposite bearing surfaces of each specimen with shellac and allow to dry
thoroughly. Bed one of the dry shellacked surfaces of the specimen in a thin coat of neat paste
of calcined gypsum (plaster of paris) that has been spread on an oiled nonabsorbent plate,
such as glass or machined metal. The casting surface plate shall be plane within 0.003"
(0.076mm) in 16" (406.4mm) and sufficiently rigid; and so, supported that it will not be
measurably deflected during the capping operation. Lightly coat it with oil or other suitable
material. Repeat this procedure with the other shellacked surface. Take care that the opposite
bearing surfaces so formed will be approximately parallel and perpendicular to the vertical axis
of the specimen and the thickness of the caps will be approximately the same and not
exceeding 1/8" (3.18mm). Age the caps at least 24h before testing the specimens.

NOTE -A rapid-setting industrial type gypsum, such as Hydrocal or Hydro stone, is frequently
used for capping.

i) Sulfur-Filler Capping

Use a mixture containing 40 to 60 weight % sulfur, the remainder being ground fire clay or
other suitable inert material passing a No. 100 (150-um) sieve with or without plasticizer. The
casting surface plate requirements shall be as described in 6.8.1.2.1. Place four 1-in. (25.4-
mm) square steel bars on the surface plate to form a rectangular mold approximately 2"
(12.7mm) greater in either inside dimension than the specimen. Heat the sulfur mixture in a
thermostatically controlled heating pot to a temperature sufficient to maintain fluidity for a
reasonable period of time after contact with the surface being capped. Take care to prevent
overheating, and stir the liquid in the pot just before use. Fill the mold to a depth of %"
(6.35mm) with molten sulfur material. Place the surface of the unit to be capped quickly in the
liquid, and hold the specimen so that its vertical axis is at right angles to the capping surface.
The thickness of the caps shall be approximately the same. Allow the unit to remain
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undisturbed until solidification is complete. Allow the caps to cool for a minimum of 2 h before
testing the specimens.

3) Procedure

i.  Test brick specimens flatwise (that is, the load shall be applied in the direction of the
depth of the brick). Test structural clay brick specimens in a position such that the load
is applied in the same direction as in service. Center the specimens under the spherical
upper bearing within 1/16 in. (1.59 mm).

ii.  The testing machine shall conform to the requirements of practices E4.

iii.  The upper bearing shall be a spherically seated, hardened metal block firmly attached
at the center of the upper head of the machine. The center of the sphere shall lie at
the center of the surface of the block in contact with the specimen. The block shall be
closely held in its spherical seat, but shall be free to turn in any direction, and its
perimeter shall have at least %" (6.35 mm) clearance from the head to allow for
specimens whose bearing surfaces are not exactly parallel. The diameter of the
bearing surface shall be at least 5 in. (127.00 mm). Use a hardened metal bearing
block beneath the specimen to minimize wear of the lower platen of the machine. The
bearing block surfaces intended for contact with the specimen shall have a hardness
not less than HRC60 (HB 620). These surfaces shall not depart from plane surfaces
by more than 0.001 in. (0.03 mm). When the bearing area of the spherical bearing
block is not sufficient to cover the area of the specimen, place a steel plate with
surfaces machined to true planes within £ 0.001 in. (0.03 mm), and with a thickness
equal to at least one third of the distance from the edge of the spherical bearing to the
most distant corner between the spherical bearing block and the capped specimen.

iv.  Apply the load, up to one half of the expected maximum load, at any convenient rate,
after which, adjust the controls of the machine so that the remaining load is applied at
a uniform rate in not less than 1 nor more than 2 min.

4) Calculation and Report

Calculate the compressive strength of each specimen as follows:
Compressive strength, C= W/A

Where
C=  Compressive strength of the specimen, Ib/in? (kg/cm?) (Pa.10%).
W= Maximum load, Ibf, (or kgf)(or N), indicated by the testing machine, and
A= Average of the gross areas of the upper and lower bearing surfaces of the

specimen, in.2 (or cm?).
Note When compressive strength is to be based on net area (example: clay floor tile),
substitute for A in the above formula the net area, in in.2 (or cm?), of the fired clay in the section
of minimum area perpendicular to the direction of the load.
4.1.8.2 Absorption
1) Accuracy of Weighting
i) Brick

The scale or balance used shall have a capacity of not less than 2000g, and shall be sensitive
to 0.5g.

i) Test Specimens
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a) Brick

The test specimens shall consist of half brick conforming to the requirements of 4.1.7.5 Five
specimens shall be tested.

iii) 1-Hr Submersion Tests

a) Dry & Cool

Dry and cool the test specimens in accordance with 4.1.7.5 and 4.1.7.5 and weigh each one.
b) Saturation

Submerge the dry, cooled specimen without preliminary partial immersion, in clean water (soft
distilled or rain water) at 60 to 86°F (15.5 to 30°C) for 1 hr. Remove the specimen, wipe off
the surface water with a damp cloth and weigh the specimen. Complete weighing of each
specimen within 5 min. after removing the specimen from the bath.

c) Calculation & Report

Calculate the absorption of each specimen as follows:
Absorption, % = 100(Ws — Wd)/Wd
Where Wd = Dry weight of the specimen, and
Ws = Saturated weight of the specimen after submersion in cold water.
i. Report the cold-water absorption of each specimen rounded to the nearest 0.1%.
ii.  Calculate the average cold-water absorption of all the specimens tested, and report to
the nearest 0.1%.

4.1.9 Measurement

Measurement of bricks shall be in numbers. The unit of measurement shall be one thousand.
If more than 10% bricks in the stacks do not conform to the specification, the whole
consignment will be rejected but if it is less than 10% the batch may be accepted but below
specification bricks rejected.

4.1.10 Rate

The unit rate shall be full compensation for supply of bricks including loading, transportation
to site of work, unloading and stacking including all incidentals etc. complete.

4.1.11 Payment

Payment shall be made under:

Pay item Number Description Unit

4.1.11.1 Supply of 1% class Bricks of | Per 1000 Nos.
specified quantity.

4.1.11.2 Supply of 2" class Bricks of | Per 1000 Nos.
specified quantity.

4.2 Clay Tiles

Fires shall conform to clause No. 7 above for quality. The size shall be (i) 12" x 6" x 27; (ii) 12"
X 6" x 1 1/4" (iii) 9"x 4 1/2" x 2"; (iv) 9" x 9" or as specially specified.
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4.2.1 Rectangular Clay Tiles
4.2.1.1 Description
This specification covers clay tiles intended for use in roofing, flooring or where specified.
4.2.1.2 Clay
i.  The clay for tiles making should conform to chapter 3 of these specifications. Clay
should never be obtained from a locality where there are white ants.
ii. If the tile does not come up to the required standard, chemical analysis will suggest
what might be added to improve the clay.
4.2.1.3Classes
Classes classify tile according to their compressive strength and water absorption value.
i.  1st Class Tile intended for use where high compressive strength is desired.
ii.  2nd Class Tiles intended for use where moderate compressive strength is permissible.
4.2.1.4 Physical Properties
1) Physical Property Requirements
The tiles shall conform to the physical requirements for the classes specified as prescribed in
table below. For the compressive strength requirements in Table 1, test the unit with the

compressive force perpendicular to the bed surface of the unit, with the unit in the stretcher
position.

Minimum Maximum Water Maximum Saturation
Compressive Strength | Absorption by 5-hr Coefficient
Designation Boiling, %
Average Individual | Average | Individual | Average | Individual
of 5tile of 5tile of 5tile
1%t Class 3000 2500 17.0 20.0 0.78 0.80
(20.7) (17.2)
2" Class 2500 2200 22.0 25.0 0.88 0.90
(17.2) (15.2)

2) Absorption Alternate

The saturation coefficient requirement does not apply, provided the 24—h cold water
absorption of each unit of a random sample of five tile does not exceed 8.0%.

3) Strength

When tiles are required having strengths greater than prescribed by this specification, the
purchaser shall specify minimum strength.

4) Size
The size of tile shall be 12"x6"x2", 12"x6"x1%4", 9"x4%:"x1%2", 9"x4%2"x2" or as specially

specified. The maximum permissible variation in dimensions of individual units shall not
exceed as given below.
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Specified Maximum permissible Variations from Specified Dimension, plus or
Dimension, in. minus, in. (mm)

Upto 2” 3/32 (2.4)

From 4” to 6” 3/16 (4.8)

From 8" to 12” 5/16 (7.9)

4.2.1.5 Sampling
1) Selection of Test Specimens

For the purpose of these tests, full-size tile, or solid masonry units shall be selected by the
purchaser or by his authorized representative Specimens shall be representative of the whole
lot of units from which they are selected and shall include specimen’s representative of the
complete range of colors, textures and sizes in the shipment and shall be free of dirt, mud,
mortar, or other foreign materials unassociated with the manufacturing process.

2) Number of Specimens
i) Tiles

For the weight determination and for compressive strength and absorption test, at least five
tiles shall be selected from each lot of 250 tons (226.8 Mg) or fraction thereof. For larger lots,
five additional specimens shall be tested for each 500 tons (453.6 Mg) or fraction thereof. In
no case shall less than five tiles be taken. Additional specimens are taken at the discretion of
the purchaser.

i) Identification

Each specimen shall be marked so that it may be identified at any time. Markings shall cover
not more than 5% of the superficial area of the specimen.

3) Weight Determination
)] Drying

Dry the test specimens in a ventilated oven at 230 to 239°F (110 to 115°C) for not less than
24 h show an increment of loss not greater than 0.2% of the last previously determined weight
of the specimen.

i) Cooling

After drying, cool the specimens in a drying room maintained at a temperature of 75+15 F

(24i80C), with a relative humidity between 30 and 70%. Stone the units free from drafts,
unstacked, with separate placement, for a period of at least 4 h and until the surface

temperature is within 5o of the drying room temperature. Do not use specimens noticeably
warm to the touch for any test requiring dry units. The specimens shall be stored in the drying
room with the required temperature and humidity maintained until tested.

An alternative method of cooling the specimens to approximate room temperature shall be
permitted as follows: Store units, unscathed, with separate placement, in a ventilated room
maintained ac a temperature of 75 +15°F (24+8°C), with a relative humidity between 30 and
70 % for a period of 4 h and until the surface temperature is within 5° of the ventilated room
temperature, with a current of air from an electric fan passing over them for a period of 