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CHAPTER - 4 EXCAVATION AND EARTHWORK
And
CHAPTER - 21 SPECIAL ITEMS OF EARTH/MASONRY DAM AND CANALS

4.1 REFERENCES:-

IS: 2720 (Pt.II') - 1973 : Determination of Water content (second revision)

IS : 2720 ( Pt. XIV)- 1983 : Determination of Density index (relative density) of cohesionless soils
(first revision)

IS : 8237 - 1985 : Code of practice for protection of slope for reservoir embankment (first
revision)

IS : 8826 - 1978 :  Guide lines for design of large Earth and Rockfill dams

IS : 9429 - 1980 :  Code of practice for drainage system for Earth and rockfill dams

IS: 9556- 1980 : Code of practice for design and construction of Diaphragm walls.

IS : 12200 - 1987 : Code of practice for provision of Water stops at transverse contraction

joints in masonry and concrete dams
Specification for Irrigation projects in M. P. ( 1980 )

USR of Irrigation Works in M. P. & C.G. in force form 01.08.1984/
01.4.1991/01.4.1998/ 01.12.2003

Bombay PWD Specifications
Specifications for Tawa Project.
Specifications for Kolar Project

CWC Specifications for masonry & earth dam of Rajghat Dam Project

4.2 TERMINOLOGY:-

Anchorage - Anchorage is a structure used to carry the lateral thrust of a wall. Ties to a series of concrete
blocks or a continuous RCC beam, vertical or battered piles, inclined rock or soil anchors are
generally used for this purpose.

Bentonite - A clay formed by alteration of volcanic ash and rich in montmorillonite clay mineral. Bentonite has
exchangeable irons on the surface of particles. It swells in the presence of water and its suspensions
are thixotropic.

Borrow area - The source of construction material required for earth and rockfill dam.
Casing - All zones other than the core in a zoned earth dam; also called shall or shoulder.
Core - A zone of impervious earth within zoned earth or rockfill dam.
Cut- off- A barrier to reduce seepage of water through foundation and abutments

(A) Full cut - off - A Cut - off taken to an impervious stratum.

Positive Cut - off - A full cut- off in the form of an open excavated trench and back filled with
compacted impervious material.

NOTE - Full cut- offs also provided in the form of sheet piles, plastic diaphragm, concrete diaphragm,
grouted cutoff, cutoff wall, etc.

(B) Partial Cut - off - A Cut - off which does not go down to impervious stratum.

Diaphragm wall - A wall constructed in situ by special trenching machines to act as cut - off wall or serve as a
structural member. The standard widths rare 100-800 mm for cut - off wall, 450 to 1200 mm for
structural member.
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Guide wall - walls of shallow depth built on both sides of the centre line of a diaphragm wall to guide the
rabbing or boring tool for trench making in order to prevent collapse or trench panels and contain
bentonite slurry.

Horizontal filter - A layer of uniform or graded pervious materials placed horizontally.

Impervious blanket - An upstream impervious soil layer laid over a relatively pervious stratum and connected
to the core.

Inclined or vertical filter - A layer of uniform or graded pervious materials, placed inclined or vertical.

Inner longitudinal drain - A trench filled with filter material and laid along the downstream toe of the core of
dam to collect seepage from core of the dam.

Inner cross drain - A trench filled with filter material to collect seepage from inner longitudinal drain and carry
it to toe drain.

Panel - Unit trench/ wall excavated or cast at a time.

Primary Panel - Panels made along the main axis of the wall in the first series; and leaving suitable gaps for
other (secondary) panels. Primary panels are usually cast with two stop and pipes for inter locking
with the secondary panels.

Secondary Panel - Panels made along the main axis of the wall inter locked with the panels to form an
effective and reasonably leak proof joint resulting in a continuous diaphragm wall.

Riprap - It is the protection to the embankment material against erosion due to wave action, velocity of flow,
rain wash, wind action etc., provided by placing a protection layer of rock fragments or manufactured
materials. Riprap may be placed on slope either by hand or it may be simply dumped.

(i) Hand placed Riprap - it consists of natural stones quarried, laid flat or laid with projection, boulders or
specially manufactured, material like cement concrete blocks and soil cement blocks, carefully placed
by hand in a more or less definite pattern with a minimum amount of voids, its top surface reasonably
uniform and free of loose stones or alternatively panel wise concrete slabs or precast concrete
interlocking type blocks.

(ii) Dumped Riprap - It consist of boulders or blasted rock reasonably free from quarry fines and dumped
in place by mechanical means.

Rock toe - A zone of free draining material provided at the toe of the dam.

Toe drain - A trench with filter material laid along the downstream toe of an earth or rockfill dam to collect
seepage from horizontal filter or inner cross drain and take it to natural drain.

Trenching - Excavation for a panel carried out in situ. Use of drilling mud may be necessary to prevent
collapse of sides.

Turfing - it is a cover of grass grown over an area to prevent erosion of soil particles by rain wash

Wale - This is a horizontal member fixed to the wall. Its function is to transfer the horizontal thrust of the wall
to the tie rods / struts.

4.3 GENERAL SPECIFICATION:
4.3.1 Bench Marks:

4.3.1.1 Before starting any work, a permanent bench mark, reference line and check profiles
at convenient positions approved by the Engineer - in - charge shall be erected. The Benchmarks shall be as
per Type Design 6 and 8 of Department. The words "B.M" with R. L. shall be conspicuously carved and
painted on the benchmark. The reference line shall comprise of a base line properly dog belled on the ground
with number of masonry pillar. The check profiles shall be of such materials and shall be located at such
places as to ensure execution of all slopes; steps and excavation to the profile or profiles indicated in the
approved drawings or as directed by the Engineer - in - charge.
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4.3.1.2. The Sub - Divisional Officer on behalf of the Engineer - in - charge shall himself lay
out all important levels, all control points with respect to this bench mark and reference line and correlate all
levels and locations with this bench mark and the reference line. Important levels shall be checked by the
Executive Engineer. All assistance shall be given for the same by the agency executing the work.

In the case of spread out works, several bench marks, reference lines and check profiles may be
necessary and shall be constructed as directed by the Engineer - in - charge.

4.3.1.3. Except the mathematical and surveying instrument which shall be provided by the
department all materials and labour for setting out works including construction of bench marks, reference
lines, check profiles and survey required for setting out works as may be required at the various stages of the
construction works shall be supplied or made by the agency executing the work.

4.3.2. Cross Section

4.3.2.1. Immediately prior to the beginning of the work, cross - section of the existing ground
level at suitable intervals, normal to the axis of the dam., canal alignment and other channels, sluice waste
weir or other masonry structures , etc., shall be taken over the base and seating of the dam ,channels or other
structures, etc. for sufficient distance outside the limits. Levels on this cross section shall be taken at suitable
interval not exceeding 6 m or as directed by the Engineer - in- charge.

4.3.2.2. These cross - sections shall be taken and plotted in ink by the Departmental agency.
These cross sections shall form the basis of all future measurements and payments on the area.

44 CLASSIFICATION OF STRATA:

441 Soft or Ordinary Soil - Generally any soil which yields to the ordinary application of pick and
shovel or to spade, rake or other digging implement, such as vegetable or organic soil, turf, gravel, sand, silt,
loam, clay pear etc.

4.4.2. Hard Soil - Includes all materials which can be removed with shovel or spade after loosening
with pick axe such as clay soil mixed with lime kanker, black cotton soil for earthen bond, soft moorum etc.

4.43. Hard Moorum and Moorum mixed with boulders - Generally any material which required
the close application or picks, jumpers or scarifies to loosen such as hard and compact moorum and soft
shale. Moorum or soil mixed with small boulder not exceeding 25 % in quantity and each less than 0.014 cum
(300 mm dia) but more than 0.004 cum in size.

Note - Boulder is rock fragment usually rounded by weathering, disintegration or abrasion by water
or ice, found lying loose on the surface or embedded in river bed, soil talus, slope wash and terrace material
of dissimilar origin.

4.4.4. Disintegrated Rock - Includes such strata which requires the close application of crow bars,
picks, grating tools, scarifiers in suitable combination for its excavation such as soft laterite, soft
conglomerate, hard shale, soft copra, hard and compact moorum mixed with small boulders exceeding 25% in
quantity but each not exceeding 0.014 cubic metre in size.

4.4.5. Soft Rock - Soft rock comprises of the following: -

0] Boulders (not greater than 0.5 cum. in volume) hard laterite, hard copra and hard
conglomerate or other rock which may be quarried or split with crowbars with casual blasting, if required, for
loosening of strata.

(ii) Any rock which in dry state may be hard, requiring blasting but when wet becomes soft and
manageable by means other than blasting.

4.4.6. Hard Rock (Requiring blasting) - Any rock or boulder (more than 0.5 cum. in volume), which
requires the use of mechanical plant or blasting for excavation or splitting.

4.4.7. Hard Rock (blasting prohibited) - Hard rock requiring blasting as described under 4.4.6 but
where blasting is prohibited for any reason and excavation has to be carried out by chiseling, wedging or any
other agreed method.
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4.4.8. Authority For Classification - The classification shall be decided by the Executive Engineer
and his decision shall be final.

4.5 CLEARING, GRUBBING AND PREPARATION OF WORKS AREA -

(i) All excavation areas and dam embankment area including a 6 m wide strip measured beyond
and contiguous to the limit line of the area as shown on the drawing shall be cleared and any roots etc.
completely removed as specified. All trees down timbers, fencing, bush, rubbish; other objectionable materials
and vegetation shall be cleared. All stumps and roots shall be excavated and removed. All roots over 50 mm.
in diameter shall be removed to a depth of 90 cm below the original ground surface or as directed by the
Engineer - in - charge. Materials thus removed will be burnt or completely removed from the site. All felled
timber and fuel shall be properly stacking and handed over to the department when asked for by the Engineer
- in - charge. Piling for burning shall be done in such a manner and in such location as to cause the least fire
risk. All burning shall be thorough so that the materials are reduced to ashes. Special precautions shall be
taken to prevent fire form spreading to the areas beyond limits or the areas specified and suitable equipment
and supplies for preventing and suppressing fire shall be available at all times.

(i) No trees shall be cut from outside of areas designated unless instructed in writing by the
Engineer - in - charge and all trees designated outside of the areas actually occupied by the works shall be
protected carefully from the damage.

4.6 STRIPPING AND BENCHING UNDER DAM EMBANKMENT:

0] The entire area of embankment including a 3 m wide strip beyond and continuous with the
area of embankment proper as showing in the drawing shall be stripped or benched to a sufficient depth as
directed to remove all unsuitable materials. The unsuitable material to be removed shall include loose rock,
vegetation, topsoil, sod, and organic silt swamp material and rubbish and any other objectionable materials
below the ground surface.

(ii) At location where a river or stream crossed the embankment site, loose sand and gravel and
loose boulders shall also be removed as directed.

(iii) Stripped materials shall be disposed off in a manner as may be directed by the Engineer - in -
charge and in such a way as not to detract from the finished appearance of the project.

4.7 EXCAVATIONS OF CUT - OFF OR PUDDLE TRENCH UNDER DAM EMBANKMENT:

4.71. Procedure for Excavation - A cut off trench or puddle trench as shown in the drawings shall
be excavated in the foundation of the dam at the location indicated. This trench shall be excavated to a depth
of 0.6 m to 1.2 m. into rock (depending upon the permeability of the rock) or into other impervious stratum as
may be approved by the Engineer - in - charge. Accurate trimming of the slopes or the excavation will not be
required but the cutting in general shall follow lines as specified in drawings. The area to be excavated shall
be unwatered. The water level shall be maintained below the level of excavation in the area and none of the
excavation shall be performed in standing water.

4.7.2. Utilisation or Excavated Materials - Trench excavation shall preferably be started after the
whole base of the dam or at least the substantial part of it is cleared, grubbed, benched or stripped as
required by specifications so that suitable material out of trench excavation can be directly utilised for forming
the bank, to maximum possible extent .

4.7.3. Blasting of Rock - No blasting of rock would be permitted for the excavation in hard rock
when the excavation reaches within about 60 cm of final levels, if in the opinion of the Engineer - in - charge,
such blasting will shatter and disturb the rock below foundation. He may also put similar restrictions, in cases,
where damage is apprehened to works in neighbouring area existing or under construction. In such cases
rock excavation shall be completed by chiselling and wedging etc.

4.7.4. Material received from Cut- Off Trench or Puddle Trench:

4.7.4.1. The materials, excavated form the trench shall, if suitable, be used in the
embankment either immediately or after stock piling as convenient and directed by the Engineer - in - charge.
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The suitability or otherwise of the material and zone of the embankment in which it is to be placed will be
specified by the Engineer - in - charge on the basis of laboratory tests.

4.7.4.2. Materials excavated from the trench shall not be placed in the embankment till
foundation for the embankment has been cleared, stripped and prepared as specified and adequate
arrangements made for watering and rolling the layers of earth fill in the embankment.

4.7.4.3. Materials excavated from the trench shall be subjected to the same degree of
embankment control as material obtained from borrows pits.

4.7.4.4. The material excavated from the trench which are not suitable for use in the
embankment shall be disposed off in a manner as may be directed by the Engineer - in - charge and in such a
way as not to detract from the finished appearance of the project.

4.7.5. Cut - Off Trench Filling - Cut off trench shall be back filled with impervious material of the
same specification and in the same manner as for the impervious hearting zone of the embankment of the
dam in accordance with specifications under para 4.9 But before back filling is started foundation grouting in
accordance with specification of Chapter 22 may be completed, where required, unless the Engineer - in -
charge directs otherwise.

4.7.6. Puddle Filling:
4.7.6.1. Puddle:

4.7.6.1.1. The puddle shall consist of good retentive clay of best quality free
from organic or other foreign material. It should be clean and tough and should be available near the sits as
for as possible. The most suitable clay is of the description used for tile making Soft sludgy, peaty sandy, salt
or puffy clay should be rejected.

4.7.6.1.2. The clay is to be worked out into puddle before use by turning it over
and over again with phowras, watering and treading with men's feet into one plastic homogeneous mass of
the toughest consistency until it gets plasticity.

4.7.6.2. Laying of Puddle.

4.7.6.21. The puddle shall than be made into balls and thrown into the trench
or in any other position required. No more than 15 cm in thickness of puddle shall be deposited in the place at
one time and it must at once be thoroughly kneaded by men's feet and incorporated with mass below it so that
the whole will be uniform and not in layers.

4.7.6.2.2. The top of puddle shall be kept as level and uniform as possible and
shall on no account be allowed to dry. If the surface cracks at any time it shall be dug up and puddle remade.

4.7.6.2.3. Vertical joints across the puddle wall and steps to its side shall be
avoided. All joints shall be made by long inclined faces overlapping each other.

4.7.6.2.4. The whole width of puddle trench excavated shall be filled with
puddle only so that the puddle gets thoroughly into the interstices of trench walls. The joint near the wall shall
be thoroughly kneaded with men's heels.

4.7.6.2.5. On holidays and other days, when works are stopped, labour should
be specially employed to keep the surface of puddle wet by sprinkling of water.

4.7.6.3. The puddle filling shall not be done in standing water. Water level in trench shall be
kept below the working level by means of pumps, if required.

4.7.6.4. As the surface of the puddle layer dries up, it should be thoroughly consolidated with
rammers before a new layer of puddle is laid the surface or the previous layer, if not newly made, should be
lightly sprinkled with water by means of watering pots and kneaded.

4.7.6.5. When puddle is finished, it should be immediately covered up in the work or when,
this is not possible, it should be covered with approved hearting soil and kept moist.

4.7.6.6. The surface soil if not conforming to approved hearting soil, is to be removed on both
sides of the puddle trench for a breadth equal to that of the top of the trench, and for 0.60 m deep, and refilled
with selected clay or other material used for the hearting and consolidated in the same way.



Volume — 1, Section -1l ] Specification for Irrigation Projects, Nov. 1991 [4/6

This filling is to be carried up with the puddle wall to a height of 0.6 m above ground level and joined
with the hearting.

4.8 BORROW AREAS:

4.8.1. All materials required for the construction of impervious, semi pervious or pervious zones of
embankment and backfill for cut off/ puddle trench which are not available form cut off/ puddle trench
excavation or other compulsory excavation, shall be obtained from designated borrow areas as shown in
drawings or as designated by the field laboratory.

The limits of each borrow areas to be used in the various zones of embankment shall be flagged in
the field and materials from each borrow areas shall be placed only in the zones for which it has been
specified.

The depth of cut in all borrow areas will be designated by the Executive Engineer and the cuts shall
be made to such designated depths only. Shallow cuts will be permitted in the borrow areas, if unstratified
material with uniform moisture contents are encountered. Each designated borrow area shall be fully exploited
before switching over to the next designated borrow pits. Haphazard exploitation of borrow area shall not be
permitted. The type of equipment used and the operations in the excavation of materials in borrow areas shall
be such as will produced the required uniformity of mixture of materials for the embankment.

Borrow pits shall not be opened within a distance of ten times the height of the dam embankment from
the upstream and downstream toes. Borrow pits shall be operated so as not to impair the usefulness or mar
the appearance of any part of the work or any other property. The surface of wasted materials shall be left in a
reasonably smooth and even condition. Care should be taken in working of the borrow areas in tank basin to
ensure that existing impervious blanket material is not completely removed and porous strata exposed.

4.8.2. Preparation of Borrow Areas - All areas required for borrowing earth for embankment shall
be cleared off all trees and stumps, roots, bushes, rubbish and other objectionable material. Particular care
shall be taken to exclude all organic matter from the material to be placed in the dam embankment. All cleared
organic materials shall be completely burnt to ashes or disposed off as directed. The cleared areas; shall be
maintained free of vegetable growth during the progress of work.

4.8.3. Stripping of borrow Areas - Borrow area shall be stripped of top soil, sod and any other
matter which is unsuitable for the purpose for which the borrow area is to be excavated. Stripping operations
shall be limited only to designated borrow areas. Materials from stripping shall be disposed off in exhausted
borrow areas or in the approved adjacent areas, as directed.

4.8.4. Borrow Area Watering - Borrow area watering if needed based on laboratory tests will
be done by the department as decided by the Engineer - in - charge.

The placement moisture content for proper compaction of earth work should be as near as practicable
to optimum moisture content as decided by laboratory tests. However, depending upon the site condition, the
nature of the earth of the borrow area, the season of the year, the moisture content of the earth of borrow area
will vary over a wide range. Thus it would be necessary to add water to bring the moisture content of borrow
area earth to as near OMC as practicable. In Irrigation Projects, watering in borrow areas may be done where
watering at the place of fill does not yield required results. Wherever practicable and specially during dry
months periodical watering of the borrow area by tankers and mobile units may be done to the extent possible
as decided by Engineer - in - charge.

4.9 Dam Embankment:

4.9.1. General - Certain instruments for measuring the performance of the dam during
construction and afterwards are proposed to be installed by the department at locations as specified in the
drawing or as decided by the Engineer - in - charge. Necessary facilities for the installation and observation of
these instruments shall be extended by the agency executing the work. For installation and observation of
instruments and for necessary soil tests near the installed instruments, necessary time shall be allowed within
placement schedule.

The embankment shall be constructed (exclusive of pitching and backing of chips of filter below
pitching) generally to the lines and grades shown on the drawings, but increased by such heights and
widths determined as necessary to allow for settlement or shrinkage as specified in para .4.9.9. Also in
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order that proper compaction can be done upto the edges of the designed section duly increased for
settlement and shrinkage as stipulated above, section will be further widened by 45 cm.. Subsequently after
compaction it will be dressed by trimming the slopes to proper section so that the surface on the slopes is
also as firm and compact as the top of embankment. The earth thus trimmed could however, be used in the
embankment fill. Any material that is lost by rains weathering or other cause shall be replaced.

The dam embankment is divided into zones within which fill materials having different characteristics
are to be placed. Placement of fill within these zones as shown in the drawings shall be performed in an
orderly sequence and in efficient and workman like manner, so as to produce within each zone, fills having
such qualities of density, strength and permeability as will ensure the highest practicable degree of stability
and performance of the whole dam embankment.

No bushes, roots, sods or other perishable or unsuitable materials shall be placed in the
embankment. The suitability of each part of the foundation for placing embankment materials there on and for
all materials for use in embankment construction will be determine by the field laboratory.

The difference in elevations between core and shell zones of the dam embankment at any cross -
section above the embankment foundation shall not exceed 0.6 m unless specifically authorised by the
Engineer - in- Charge. The embankment for each zone shall be maintained in continuous and approximately
horizontal layers in the reaches programmed for construction in that season. Where however, due to some
constraints the dam has to be constructed in discontinuous portions or reaches, the slopes of the bonding
surface parallel to dam axis between the previously completed portions of the dam embankment and the
materials to be placed in each zone shall not be steeper than 3 to 1 in core, and 2 and 1/2 to 1 in other zones.

4.9.2. Preparation of foundation - Foundation preparation shall be done subsequent to
stripping and excavation, if any. All portions of excavation made for test pits or other subsurface investigations
and all other existing cavities found within the area to be covered by earth fill or of core and shall zones, which
extend below the established lines of excavation for embankment foundation, shall be filled with earth fill of
the corresponding zone of the embankments. All test pits within a distance of 10 times the dam embankment
from the upstream toe shall be filled by impervious material. No material shall be placed in any section of the
earth fill portion of the dam embankment until the foundation for that section is suitably prepared and has
been approved by the Engineer - in - charge.

The surface of each portion of the Foundation immediately prior to receiving any material for the earth
fill shall be moist and sufficiently cleaned to obtain a suitable bond with the embankment.

Pools of standing water will not be permitted in the foundation of the embankment and shall be
drained out prior to placing the first layer of the embankment.

(a) Rock Foundation - The treatment of the rock surface under the dam shall be so done as to
ensure a tight bond between the impervious core and foundation, for which the following procedure shall be
followed.

(1) Before the grout curtain is installed, the area of the rock surface which is to be in
contact with the impervious core of the dam shall be exposed with rough excavation. Hard rock projections
and overhangs shall be removed. If blasting is to be resorted to, care shall be taken to avoid objectionable
shocks to foundation rocks and abutments. As far as possible, the whole contact area of foundation rock and
abutments after rough excavation shall be exposed at one time to enable examination of rock surface
characteristics and planning the method or treatment. Curtain grouting where required shall be carried out in
accordance with provision under relevant para of specifications of Chapter 22 " Drilling and Grouting "

(2) Cleaning and Shoveling - After the grouting operations are over, the rock
surface shall be thoroughly cleaned. Pockets of sand and gravel and other soils shall be removed by hand
shoveling and soft erodible seams and localised decomposition cleared out as deep as possible. Loose rock
shall be removed by wedging and hand picking. Layers or grout spilled from grouting operation shall be
chipped out and removed. Finally, the hand cleaned surface shall be thoroughly washed with powerful water
jets to remove the fines which would have worked into the seams of the rock and obtain a clean surface.
Compressed air jets shall be used as a final step in the clean up operation.

(3) Sealing cracks -Deep pot holes or pockets shall be filled with hand compacted soll
or concrete. If the rocks surface in the bottom and sides of pot holes is cracked, the cracks should be sealed
with cement grout. If the rock surface contains too many closely spaced pot holes, the entire rock surface
shall be covered with concrete. A clay paste may be used in the smaller cracks. All the cracks and joints and
shear seams or other incompetent materials that are exposed in the cut off trench shall be scooped out to the
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greatest depth practicable (Not less than twice their width at the surface) with the aid of trowels, bars and
cleaned with air water jets and then filled with slush grout. Slush grout shall consist of cement and sand
thoroughly mixed in a proportion, 1 part of cement to 2 parts of sand by volume with sufficient water to
produce a highly plastic and buttery mix.

Foundation rock which is fairly impervious but has a very rugged surface shall be treated by
laying core material at a moisture content slightly above the optimum in thin layers and compacted with
mechanical equipment / small tampers to ensure that all irregular depressions in the rock surface have been
filled with soil to create an effective / complete bond.

The moisture content and layer thickness shall be specified by the field laboratory. Any open
crack in the rock surface shall be specified by the field laboratory. Any open crack in the rock surface shall be
sealed with cement grout by appropriate means. Fault zones or larger cracks shall be dug out to a depth as
determined by the Executive Engineer and backfilled with concrete.

(b) Soil Foundation - Soil foundation shall be scarified and loosened by means of a plough
ripper or other methods to a depth of about 15 cms. to 20 cms. to the satisfaction of the Executive Engineer.
Roots or other debris turned up during scarifying shall be removed from the entire foundation area for the fill. It
shall then be moistened to slightly above the optimum moisture and compacted by required number of passed
of the compaction equipment to the same percentage of compaction as the core. The purpose of higher than
optimum moisture is to ensure forcing of the soil into any unseen soft zones just below the surface. The first
few lifts of fill for the embankment shall be carefully placed, for the surface will still be rather irregular. If
possible, heavy rubber tyred rollers should be used for compaction because they will follow the irregular
surface and not bridge over small low areas, as other types of rolling equipment will do. Layers 10 cms to 15
cms thick with moisture content 1 to 2 percent above optimum moisture content must be used to ensure
uniform compaction and a satisfactory intimate bond between the foundation soil and the fill materials
especially under the central core. The layers shall be composed of the most impervious materials, under the
central core zone.

(C) Sand Foundation - The foundation sand shall be tested for its natural relative density . In
reaches where the relative density is less than 70%, the foundation sand shall be densified by any of the
approved methods to obtain a minimum relative density of 70%. Until the foundation has been tested and the
relative density found to exceed 70%, earth fill shall be not be allowed to be placed. This is necessary to
minimise the effects of any structural readjustments in a loose foundation.

4.9.3. Earthfill Materials - The materials for the respective zones of embankment shall be
obtained from borrow areas required for obtaining the desired gradation in the depth of cut in the barrow areas
required for obtaining desired gradation in the materials. In general, all materials from a particular borrow area
shall be a mixture of materials obtained for the full depth of cut. Where in a borrow area the sub - stratum
occurs in well defined layer differing considerably in mechanical analysis, so that mixture is not suitable for
any particular zone, the materials shall be excavated layer wise by scrappers or other suitable means and the
materials placed in the zone for which it satisfies the requirements. Where it is not practicable to obtain a
mixture of materials, the finest and most clayey material shall be placed in the cut- off trench and the central
upstream portion of the embankment. The intermediate material shall be placed near the outer slopes of the
embankment, No material containing a high percentage of plastic clay shall be used in the embankment
without being mixed with coarser material.

Chemical and Physical tests of soils in embankment shall be carried out to ensure that the soil does
not contain (a) soluble lime contents (b) soluble salt contents of cohesionless fines, in quantities harmful to the
embankments.

4.9.4. Placing earthfill - The distribution and gradation of the materials throughout earth fill shall be
as shown on the drawings or as directed. The fill shall be free from lenses, pockets, streaks or layers of
materials differing substantially in texture or gradation from the surrounding materials. The combined
excavation and placing operations shall be such that the material when compacted in the earth fill will be
blended sufficiently to produce the best practicable degree of compaction and stability. Successive loads of
materials shall be dumped on the earth fill so as to produce the best practicable distribution of the material.
The various zones shall be clearly delineated on the embankment and the materials from the borrow areas
placed accordingly.

The clay blanket shall be laid in a manner similar to clay core and compacted to same degree or
compaction at optimum moisture content.
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Particular care shall be taken to ensure that materials are not so placed as will be conducive to the
formation of intermittent relatively impervious blankets in the shall zone, which will interfere with the
satisfactory drainage.

No stone, cobbles or rock fragments having maximum dimensions or more that 10 cms. shall be
placed in the earth fill ( casing only). Such stones and cobbles shall be removed either at the borrow pit or
after being transported to the embankment but before the materials in the earth fill are rolled and compacted.
Such stone and cobbles shall be used in the riprap or rock toe of the dam embankment, if suitable or wasted
as directed. The materials shall be placed in the earth fill in continuous horizontal layers not more than 15 cm
in thickness after being rolled as herein specified Higher thickness or layers may also be permitted, if suitable
compaction units such as vibratory compactors are used to give required density under optimum moisture
content, but in no case the compacted thickness of the layer shall exceed 25 cm. The extent of layers shall be
determined in the field by test section. During construction, a small transverse slope from centre towards
edges should be given to avoid pools of water forming due to rains. If in the opinion of the Executive Engineer
the surface of prepared foundation or the rolled surface of any layer of earth fill is to dry or smooth to bond
properly with the layer of materials to be placed thereon, it shall be moistened or worked with harrow, scarifier
or other suitable equipment, in an approved manner to a sufficient depth to provide a satisfactory bonding
surface before the next succeeding layer or earth fill materials is placed. If the rolled surface of any earth fill is
found to be toe wet for proper compaction of the layer of earth fill materials to be placed thereon, it shall be
raked up and allowed to dry, or be worked with harrow, scarifier or any other suitable equipment to reduce the
moisture content to the required amount, and than it shall be compacted before the next succeeding layer of
earth fill materials is placed. The concrete or masonry surfaces against which earthwork is to be placed shall
be cleared and moistened prior to placing of the earth fill, clay leaping of plastic consistency be adopted to
ensure proper bond between the earth fill and the concrete / masonry. The foundation adjacent to the
concrete structures shall be thoroughly cleared of loose materials and moistened. In placing the earth fill on
rock foundation, the foundation shall first be prepared as detailed earlier. Care shall be taken in placing the
first layer of the fill that no damage is caused by the hauling machinery, which will get concealed by the
spread layer of the fill. The soil for the layer shall be at a moisture content sufficient to enable satisfactory
bonding of the fill with the rock surface.

In case the whole length of embankment is not constructed simultaneously and only a portion of the
embankment is constructed during one season the following procedure shall be adopted.

The incomplete ends of embankment shall be placed at a slope not steeper than 4:1 to permit
satisfactory bonding with the portion of the embankment, which is constructed later. Old surface should be
stripped or benched in accordance with the direction of the Engineer- in - charge.

4.9.5. Weather Conditions - The embankment material shall be placed only when the weather
conditions are satisfactory to permit accurate control of the moisture content in the embankment materials.
During that part of the construction period when the top surface of the embankment may be subject to rainfall
causing cessation of work, It shall be graded and rolled with a smooth wheeled rollers to facilitate runoff. Prior
to resuming work, the top surface should be slightly scarified and moistened or allowed to dry as necessary
and approved by the Engineer- in - charge. If the cessation due to any reason, is for a considerable period,
top layer shall be stripped to the required depth as may be directed by the Engineer - in - charge, so as to
remove any vegetable growth, loose silt or sand washings or other objectionable matter.

4.9.6. Moisture Control - The water content of the earth fill material prior to and during
compaction shall be distributed uniformly throughout each layer of materials between -2 to +1 of the optimum
moisture content for casing material and between 0 to +2 for hearting material. Moisture determination of soil
as well as needle moisture determination of soil shall be carried out as per IS : 2720 (pt. II) - 1973, Sec. 1 and
designation E22 of USBR/ Earth manual 1968 respectively.

Laboratory investigations may impose some restrictions on the lower limits of the practicable
moisture contents on the basis of studies on consolidation characteristics of soils in embankment. Hereinafter,
the term range of optimum practicable moisture content shall refer to the value as described above. As far as
practicable, the materials shall be placed at proper moisture content. If additional moisture is required it shall
be added by sprinkling water before rolling of a layer. If the moisture is greater than required, the material
shall be spread and allowed to dry before starting rolling. Moisture control shall be strictly adhered to. The
moisture content shall be relatively uniform throughout the layer of material. If necessary, ploughing, disking,
harrowing or blending with other materials may have to be resorted to, to obtain uniform moisture distribution,
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if the moisture content is more or less than the range of optimum practicable moisture content, or if it is not
uniformly distributed throughout the layer, rolling and adding of further layer shall be stopped. Further work
shall be started again only when the above conditions are satisfied.

The moisture content of the earth fill placed against any rock outcrop or any structure shall be slightly
above the optimum to allow it to be compacted in to all irregularities of the rock and this shall be determined
by the field tests.

4.9.7. Compaction and watering:

4.9.7.1. Compaction Equipments - While the specification below provide that equipment
of a particular type & size is to be furnished and used, it is contended that the improved compaction
equipment as may be most suited to the prevailing site conditions and the programme of construction shall be
used. The broad details of the equipments are given below.

4.9.7.11. Tamping rollers / Vibratory compactors shall be used for compacting the
earth fill .The sheep foot rollers shall meet the following requirements.
({)] Roller Drums - Each drum of a roller shall have an outside diameter of not less than

150 cm and shall be not less that 120 cm. not more than 180 cm in length. The space between two adjacent
drums, When on a level surface shall not be less than 30 cm nor more than 38 cm. Each drum shall be free
to pivot about an axis parallel to the direction of travel. Each drum shall be equipped with a suitable pressure
relief valve to prevent excessive pressures from developing in the interior of the roller drum.

(n Tamping Feet - Atleast one tamping foot shall be provided for each 65 sq. cm of
drum surface. The space measured on the surface of the drum between the centres of two adjacent tamping
feet shall not be less than 230 mm. The cross sectional area of each tamping foot shall be not more than 65
sqg.cm. at a plane normal to the axis of the shank, 150 mm from the drum surface and shall be maintained at
not less than 45 sq.cm. nor more than 65 sq.cm. at a plane normal to axis of the shank 200 mm from the drum
surface.

(i) Roller Weight- The weigh of the roller when fully loaded shall not be less than 7,091

Kg and the ground pressure when fully loaded shall not be less than 40 kg/cmz. required to obtain the desired
compaction. Tractor used for pulling rollers shall be of 50 H.P. to 65 H. P., power to pull the rollers
satisfactorily at a speed of 4 kms/per hour when the drums are fully loaded with wet sand ballast. During
operation of rolling, the spaces between the tamping foot shall be kept clear of materials sticking to the drum
which cold impair the effectiveness of the tamping rollers.

49.71.2 Rolling - (i) When each layer of material has been conditioned so as to
have the proper moisture content uniformly distributed through the material, it shall be compacted by passing
the tamping roller. The exact number of passes shall be designated by the field laboratory after necessary
test. The layers shall be compacted in strips overlapping not less than 0.6 m. The rollers or loaded vehicle
shall travel in a direction parallel to the axis of the dam. Turns shall be made carefully to ensure uniform
compaction. Rollers shall always be pulled.

(i) If the foundation surface is too irregular to allow the use of large roller directly against
any structure or rock out - crop, the roller shall be used to compact the soil as close to the structure or the out
crop as possible and the portion of the embankment directly against the rock or the structure shall be
compacted with pneumatic hand tampers in thin layers. Sheep foot roller shall not be employed for
compaction till the thickness of the layers compacted by other mean is greater by 30 cm than the depth of the
foot of the roller drum.

4.9.7.1.3. Tamping -Rollers will not be permitted to operate within 1.00 metre of concrete and
masonry structures. In location where compaction of the earth fill material by means of roller is impracticable
or undesirable, the earth fill shall be specially compacted as specified herein at the following locations.:-

1. Portions of the earth fill in dam embankment adjacent to masonry structures and embankment
foundation designated on the drawing as specially compacted earth fill.

2. Earth fill in dam embankment adjacent to steep abutment and location of instruments.
3. Earth fill at locations specially designated.

Earth fill shall be spread in layers of not more than 10 cm. in thickness when loose and shall be
moistened to have the required moisture content as specified. When each layer of material has been
conditioned to have the required moisture content, It shall be compacted to the specified density by special
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rollers, mechanical tampers or by other approved methods and all equipment and methods used shall be
subject to approval based on evidence of actual performance and field compaction tests. The moisture control
and compaction shall be equivalent to that obtained in the earth fill actually placed in the dam embankment in
accordance with the specifications.

4.9.7.1.4. Watering - Watering of earthwork for consolidation shall be carried out
by the department or by the contractor as per clubbed item of schedule. The arrangements for storage,
pumping equipment and laying of suitable pipe lines of adequate capacity on upstream and downstream of
the dam will be made. The connections will be provided at regular intervals in the main pipeline to connect to
the off-take lines having valves to control the flow through rubber hoses. The whole system will be such and
so laid out that regular flow of water is ensured on the dam at all times. The pipeline will be required to be
raised as and when required with the raising of the earthwork on the dam.

4.9.8. Dressing Slopes. The outside slopes of the embankment shall be neatly dressed to
lines and grades as placement of fill progress.

All humps and hollows varying more than 15 cm from the neat lines of the embankment shall be
regraded. Material used to fill depression shall be thoroughly compacted and bonded to the original surface.
Slopes shall be maintained until final completion and acceptance. Any material that is lost by rains,
weathering or other cause shall be replaced at the cost of agency executing the work.

4.9.9. Settlement Allowance - In the earth fill embankment watered, rolled and compacted
at optimum moisture content and at dry density expressed as percentage or Proctor's maximum dry density as
given in Appendix - 1, settlement allowance of 1% and 2% of the designed height for unyielding (rock) and
compressible (Soil) foundations respectively shall be provided. The base width of the dam will not be
increased to maintain the design slopes indicated in the drawings for the additional height as settlement
allowance, but the following procedure will be adopted.

Settlement allowance will be calculated at various levels. Where the slope is to be changed and
elevations including settlement allowance will be derived. The embankment width at the designed levels
remaining same. The edges of embankment at the increased elevation (including settlement), when joined
with the point where the slope has changed earlier below shall give the slope to be adopted for construction.

If the embankment is raised in more than one season, provision for settlement shall be made in the
last season's construction by slight steepening of slopes near the top.

410 TOE DRAINS -

Pitched toe drains with filter will be provided throughout the length of the dam at the downstream toe
of earth dam as indicated in the drawings and as per the details shown therein. The layer of horizontal filter
under the casing portion of dam shall be extended in the toe drains to specified thickness. The filter shall be
watered and tamped with hand tampers.

The useful excavated material out of the toe drain shall be suitably utilised on the dam as directed by
the Engineer - in - charge.

411 ROAD SURFACES AND PARAPETS -

(i) Road shall be constructed at the top of the earth dam and other locations as indicated in the
drawing. The roadway shall be as indicated in drawing. The construction shall be as specified for the highway
by I.R.C. or as directed by the Engineer - in - charge.

(i) The parapets shall also be constructed after allowing sufficient time for the embankment to
undergo the usual post construction settlement in order to avoid cracking of the walls due to differential
settlement.

412. FILTER:
4.12.1 Base Filter Blankets:
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4.12.1.1. Where indicated in the drawings, filter blankets shall be laid on the base
under the downstream portion of the earth embankment. The number of layer in the filter blanket or seepage
drains and thickness of such layer shall be as specified in the drawing. Filter shall be placed and tamped into
place in such a manner that mixing of filter with foundation or backfill materials will not occur.

412.1.2. The filter material shall consist of clean, sound and well-graded aggregate.
The material shall be free from debris, wood, vegetable matter, decomposed rock and other deleterious
matter. The gradation of each filter layer shall meet the following requirements with respect to the material to
be protected and also with respect to the adjacent filter layers.

D - 15 of the filter

(i) =>4and <20
D - 15 of the base material

Provided the filter does not contain more than 5 percent of material finer than 0.07 mm (No. 200 sieve)

D - 15 of the filter

(i) =<5
D - 85 of the base material
D - 50 of the filter

(iii) =<25
D - 50 of base material

(iv) The grain size curve of the filter shall be roughly parallel to that of the
base material. In the above, D-15 is the size at which 15 percent of total soil particles are smaller, the
percentage being by weight as determined by mechanical analysis. The D.- 85 size is that at which 85 percent
of the total soil particles are smaller. It shall be laid in single layer or in layers as per the drawing if more than
one filter layer is required, the same criteria shall be allowed. The finer filter is considered as the base material
for selection of the gradation of the coarser filter.

(v) In order to prevent segregation and bridging of large particles, ( the
maximum ) particle size shall not exceed 75 mm .

The requirement for grading of the filter shall be established by the
field laboratory on the basis of mechanical analysis of adjacent materials.

The material brought to the site shall be subjected to the aforesaid
tests in the laboratories at the project site. The result shall be final and binding and all material not conforming
to the requirement so determined shall not be permitted, for use on the said works.

(vi) The following gradation is tentatively suggested but is subject to
modifications after further laboratory tests: -

(a) For filter material in contact with foundation or Well graded coarse sand & gravel passing 12 mm
earth fill material screen

(b)  For middle layer of filter blanket & for layers in Coarse gravel passing 75 mm screen and retained
contact with rock fill on 12 mm screen

4.12.1.3 Placing:

4.12.1.3.1. The foundation shall be cleared, stripped as specified in paras 4.5 and 4.6 and
SC layers of specified thickness as shown in the drawing shall be laid wherever there is clay in the dam seat,
before laying the base filter.

4.12.1.3.2. The filter material shall be deposited in horizontal layers of thickness not more
than 15 cm after compaction to achieve relative density not less than 70 % . The thickness of filter layer shall
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be increased to 30 cm if compaction is performed by treads of crawler type tractors, Surface Vibrators, or
similar equipment. Thickness of layer shall, however, not be more that the penetrating depths of the vibrators,
if compaction is performed by internal vibrator. During or immediately prior to compaction, the material in each
layer shall be thoroughly wetted.

4.12.1.3.3. The relative density of the compacted material shall be not less than 70 % as
determined by relative density tests of cohesionless soils as per procedure given in I1S: 2720 (Part XIV)- 1983.

4.12.1.3.4. Extreme care shall be taken in placing material in the filter zone as to obtain a fill,
free form lenses, layers and streaks of segregated materials.

4.12.1.3.5. After compaction of the filter blanket, the earth fill material shall be placed in 10
cm, layers and tamped by hand at optimum moisture or compacted by smooth rollers or power compactors as
directed by the Engineer - in - charge. Sheep foot rollers shall not be used till earthwork has been laid and
compacted to a thickness of 60 cms over the filter blanket. However, the compaction of the earthfill in the
initial 60 cm thickness shall be subject to the same quality control regarding to moisture content and dry
density as for the rest of the embankment.

4.12.2. Chimney Filter - Vertical inclined filter of the dimension specified in drawing shall be
constructed on the downstream face of impervious core. The thickness of chimney filter shall be as shown in
the drawings. Materials used shall be clean, sound and durable and shall be free from silt roots, bush and
other impurities. Filter materials shall be laid in 30 cm layers and shall be thoroughly wetted and compacted
by pneumatic tyred rollers or other approved equipments. Materials for filter shall be compacted to obtain a
minimum relative density of 70 %. The filter shall satisfy the filter criteria as given in para 4.12.1.2. for base
filter blankets.

4.12.3. Seepage Drains - The seepage drains shall be excavated to the size and bed grade as
shown in the drawings so as to allow for easy flow of seepage from the hearting toe to the open drains. These
shall be refilled with layers of sand gravel or broken metal and boulders as shown in the drawings. In this case
greatest care will have to be taken to see that filter medial do not get mixed up.

4.13 RIP - RAP ON THE UPSTREAM SLOPE OF EMBANKMENT:
4.13.1. Hand Placed Rip - Rap:

4.13.1.1. Rip - rap shall be hand placed on the upstream slope of the dam embankment over
backing of specified filter layers .The thickness of Rip - rap layer shall be as indicated in the drawings.

4.13.1.2. Stone for Rip - rap shall be hard and durable and shall not crumble on long exposure to
water frost and air.

4.13.1.3. Procedure for Placing Rip - Rap - The hand placed Riprap shall consist of one-
man stones laid on edge. Starting at the bottom of the slope the stone shall be laid compactly with a minimum
of joints and so matched and inter locked that they shall be keyed together with staggered joint space. Rock
fragments and spall shall be driven into interstices to wedge the Riprap in place. The wedging shall be done
with the largest chip practicable, each chip being well driven home with a hammer so that no chip can be
removed by hand. Very irregular projection shall be knocked off so that the Riprap presents a reasonably
uniform surface free of loose stones.

4.13.1.4. Hand placed Riprap should preferably be laid in one course such that the layer
thickness is same as the stone size. However at least 80 percent of the area of Riprap should have stones
weighing more than 45 kg. Such stone should be spread uniformly in the area, where such stones are not
sufficient to cover the entire thickness of Riprap; the same may be laid in two layers.

If two layers of stones are used, header stones extending through both layer and spaced at about
1.5 m. shall be used. Also of the two layers, the top layer shall be of larger stones. The size of the smallest
side of the header stone shall not be less than 150 mm and its length shall be equal to the thickness of the
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Riprap plus 150 mm., so that the header stone would project above the general top surface of the Riprap by
about 150 mm.. Such a projection will break the wave force and would also facilitate easy identification of the
headers stones. If header stones of full length are not available from the quarry, concrete blocks of necessary
size, length and shape may be manufactured for the purpose.

In case, if stone of requisite size are not available and smaller stones / boulders locally available
are required to be used; the Riprap should be laid in panels formed by constructing profile walls. A portion of
the area between the panels may be grouted by pouring fluid cement mortar worked into the Riprap.

Hand placed Riprap may be laid flat or laid with projections ( Needles) .

4.13.1.5. The Riprap shall be placed along with the fill so that a minimum of breakdown will occur
during placing and spreading.

4.13.2. Dumped Rip-Rap:

4.13.2.1. The minimum thickness of dumped rock Riprap and average rock size shall be as
shown in Table 1. The thickness of Riprap shall in no case be less than 450 mm.

TABLE 1 : Minimum Thickness of Dumped Rip-Rap

Maximum wave height Minimum average rock size (D5 ) Minimum Riprap Thickness
metre mm mm
Oto1.5 300 600
1.5t03.5 400 750
above 3.0 700 1000

413.2.2. The most important criteria in Table 1 is the minimum average rock size (D50 )of
Riprap. For example, for waves of waves of 2 m in height the Riprap should be composed of rocks, half of
which by weight are equal to or larger than more or less equidimentional rock with average diameter of 400
mm. The rock used for Riprap shall be well graded from a maximum rock roughly equal to 1.5 times the
average size to 50 mm.

4.13.2.3. Procedure for Placing Rip- Rap - Dumped Riprap shall consist of boulders or blasted
rock fragments; it shall be dumped in place mechanically on a properly graded filter layer. The full thickness of
dumped Riprap shall be dumped in one layer. It shall either be dumped over the upstream face from the
embankment level as the embankment is being raised up or after the embankment had been completed.
When placed during the construction, the Riprap layer should be kept a few meters lower than the
construction surface. When placed after the embankment is completed, the rock should be taken to the crest
of the dam in trucks and then lowered down the slope by suitable mechanical device. The rock shall not be
allowed to drop down the slope in a cute or be pushed down the slope, since these operations result in
excessive segregation. After dumping, the rock should be worked manually with bars or other equipment to
achieve a well-packed and tidy surface.

4.13.3. Grade Filter Underneath Rip- Rap -

4.13.3.1. Graded filter shall consist of atleast two layers of filter material (coarse and fine). The
thickness of each layer shall be as specified in the drawing.

4.13.3.2. The graded filter shall consist of sand and crushed stone as shown in the drawing Sang
used shall be clean sound and durable and shall be free from silt roots, brush wood and other impurities.
Sand used shall be of size passing 4.75 mm screen. Crushed stone used for filter shall consist of rock
fragments reasonably graded upto 15 cm in maximum dimension.

4.13.3.3. Gradation requirement for the coarse filter material with respect to Riprap material
should conform to the criteria that D85 size of the coarse filter material shall not be less than 1/10 of D15 size
of the Riprap material. The gradation requirements for the fine filter with respect to embankment material
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should conform to the criteria that D15 size of the fine filter material shall not exceed 5 times the D 85 size of
the retained embankment material .The two layers of filter shall also satisfy these criteria with respect to each
other. Where the embankment material satisfy this criteria with respect to coarse filter fine filter could be
omitted.

4.13.3.4. Before placing of filter material, The embankment shall be trimmed neatly to slope and
grades as indicated on the drawing .The filter material shall be placed in layers of uniform thickness and care
shall be taken to avoid segregation of coarse and fine material in each layer, formation of pockets and mixing
of material of one layer with material of another layer or earth fill.

4.13.4. - Tolerance: The tolerance on the nominal thickness of Rip - rap enforced on the performed
profile shall be 10 percent.

4.13.5. - Dry Stone Pitching:
4.13.5.1. - The quality stones for pitching shall be in accordance with para 4.13.1.2.

4.13.5.2. - The depth of stones shall be about equal to the specified thickness of pitching and
shall generally be not less than 0.014 cum or 0.021 cum as specified in the appropriate item of USR or other
sizes as ordered by the Engineer-in-Charge having regard to the nature of stones being quarried. The small
size stones/ spalls required for pitching and wedging shall be brought to the site only to the required extent
and they shall not to be used in two or more thickness as a substitute for the stones of full thickness. A large
amount of the stones for pitching shall be obtained from the required excavation for other parts of the work.
Additional rock as required shall be obtained from rock quarries.

4.13.5.3. Placing: -

4.13.5.3.1.- Backing of filter and / or spalls where specified on drawing shall be placed only
after the underlying slope shall be trimmed neatly to the slopes and grades established on the drawings .The
lowest course of pitching shall be started form the toe wall or the line of pinheaders at the toe of the slopes as
may be specified on the drawing and the pitching laid course by course up the slope.

4.13.5.3.2.- Projecting corners shall be knocked off with the hammer so as to make a rough
joint at the base. The stone shall be laid on end with broadest base down and length normal to the slope and
carefully bonded in all directions and firmly bonded on the backing of filters where provided. The stones shall
be packed with hammer of mallet closed against each other, their general line being approximately
perpendicular to the slope of the underlying surface.

4.13.5.3.3. - After the stones have been fixed as above, the interstices shall be filled with well
fitting chips driven home.

4.13.5.3.4. - The general face slope of the pitching when completed shall be as specified in
the drawing subject to the tolerance as given in para 4.13.5.1. below . The final surface of the pitching shall be
clear of all refuge.

4.13.5.3.5. - Tolerance - The provision in para 4.13.4 shall apply.
4.13.6. Grouted Stone Pitching:

4.13.6.1. - The specification of para 4.13.5.1. to 4.13.5.3. shall be followed except for the use of
stone chips or quarry spalls as described in para 4.13.5.3.3.

4.13.6.2. - After the pitching stones are laid as described in para 4.13.5.3.2, the Interstices shall
be filled with mortar of specified mix. The mortar shall be forced into the joints with the help of 6 mm. rods so
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as to ensure that the mortar reaches upto the base. The joints shall then be finished flush with the help of
trowel.

4.13.6.3. - The surface of the pitching shall be cleaned of all loose mortar droppings, etc., The
joints shall be cured for at least seven days after the initial setting time of one day.

4.13.7. Dry Picked Up Boulder Pitching:

4.13.7.1- The boulders used in this type of pitching shall consist of the rolled rock masses directly
picked up in their natural form from the river or the nalla beds. The boulders shall be hard dense and resistant
to abrasion. The size of the boulders in at least one direction should not normally be less than 22 cm. Also the
least dimension of such boulders in any direction should not be less than 10 cm. The smaller size boulders/
gravels required for packing and wedging shall be brought to the site only to the required extent and shall not
be used in two or more layers as a substitute for the boulders of full thickness.

413.7.2 -Placing:

4.13.7.2. 1. - Over the backing of filter as may be specified in the drawing, the boulders shall
be placed such that the direction in which the size of boulder is around 22 cm is placed normal to the surface
of under layer. Also the boulders shall be laid with broadest base down and carefully bonded in all directions .

4.13.7.2.2. - After the boulders have been fixed as above, the interstices shall be filled with
well fitting smaller size boulders, gravel driven home.

4.13.7.2.3. - The provision of para 4.13.5.3.4. Shall be applicable here also.
4.13.8. Dry Quarried Boulder pitching:

4.13.8.1. - The specification as in para 4.13.6.1. shall be followed except that the boulders of
required size shall be obtained by breaking big size boulders.

4.13.8.2. - Placing - The specifications as at para 4.13.6.2.1. to 4.13.6.2.3. shall be followed.
4.13.8.3. - Tolerance -The specifications as at para 4.13.4. shall apply .
4.14. ROCK TOE:

(i) The rock fill shall consist of free draining mixture of rock fragments of sizes from 75 mm to 250
mm. A large amount of material may be obtained from required excavation for other parts of the work.
Additional as required shall be obtained from rock quarries.

(i) Successive loads of material shall be dumped as to secured the best practicable distribution
materials. The large rock fragments shall be placed on the outer slopes and the smaller fragment shall be
placed towards the earth fill side. In general the downstream toe shall be placed in the manner to be approved
by the Engineer - in - charge.

(i) The rock fill shall be placed in horizontal layers not exceeding 90 cm in thickness. The completed
fill shall be stable and no large unfilled spaces shall be present in the fill.

(iv)  Large voids, shall be not be allowed on the downstream face of the rock - toe, so as to prevent
choking by the spilling of earth, rain cuts etc. during and after construction. Such voids shall be properly
packed with stone chips of suitable sizes. The surface of the rock - toe shall be kept clear of all earth and
debris so as not to choke its full drainage capacity.

(v)  The filter layers to be provided behind and below the rock - toe shall satisfy the requirements of
para 4.12.1.2.
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4.15 - INSPECTION AND TESTS:

4.15. 1 General - The Executive Engineer shall maintain and exercise thorough check on the quality of
fill material delivered to the dam and shall arrange to obtain the data and in-situ proportion of the material after
compaction with designed assumptions. To achieve these objectives, a program of fill testing and inspection
shall be planned to affect quality control.

4.15.2. Scope of Testing and Inspection Required:

Field control of fill material will require visual and laboratory checks. The checks on the effectiveness of
placement and compaction procedure will required to be made by field density - tests at prescribed intervals.

4.15.3. Before Compaction:

Materials delivered to the fill shall be visually examined and their properties estimated by way of
inspection. These checks shall include.

(a) Borrow Areas:

(i) Excavation of borrow areas shall be limited in extent and depth as indicated on plans.

(ii) Estimation of moisture contents of materials by visual examination and feel.

(i)  Samples shall be taken for laboratory analysis in case the soil is of different characteristics.

These inspection checks shall be supplemented by sampling the materials at prescribed
minimum intervals and by testing the samples in the laboratory for gradation and moisture content.

(b) Embankment:
(i) Water content tests shall be carried out in the laboratory while placing the fill materials.

(i) Moisture content shall be controlled by adding water or aerating the soil according to laboratory
test.

(iii) It shall be ensured that the methods of dumping, spreading and moisture conditions are such that
which results in reducing segregation and or variation of moisture content to a minimum.

4.15.4 During Compaction:

It is intended that the checks on operations during compaction shall verify.

(i) That the layer thickness of the materials is as specified.

(i) That the fill is compacted by the specified number of passes of the specified machinery.
(i)  That no excessive rutting, weaving or a scaling of the fill occurs during compaction.
4.15.5. After Compaction:

The condition of the fill after compaction shall be observed and recorded particularly with respect of
rutting or weaving. However, the properties of materials after compaction shall be determined primarily by field
density tests. Dry density attained shall satisfy the compaction standards as per Appendix. |

4.15.6 Frequency of Testing:

4.15.6.1. The frequencies for various tests for earthwork shall be in accordance with Appendix
6.02 of the M. P., W. D. Manual 1983 Vol. Part II.

4.15.6.2 Special attention shall be given to the following locations where insufficient compaction
is likely to occur: -

(i) The junction between areas of mechanical tamping and rolled embankment along abutments
or cut off walls.

(ii) Areas where rollers turn during rolling operations.

(iii) Areas where too thick a layer is being compacted.

(iv) Areas where improper water content exists in a material.

(v) Areas where less than specified number of roller passes were made.

(vi) Areas where dirt - clogged rollers are being used to compact the materials
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(vii) Areas where over sized rock which has been overlooked is contained in the fill.

(viii)Areas where materials have been placed when they contained minor amounts of frost, or at
nearly freezing temperatures.

(ix) Areas that where compacted by rollers that have possibly lost part of their ballast.
(x) Areas containing materials differing substantially from the average.

4.15.7 Record and Reports - Record of borrow area materials and embankment placing operations be
maintained in order to have a continuous check on the suitability and availability of fill materials and quality of
the fill. Thus, it will be possible to have complete description of materials in any portion of the embankments.
The records shall be maintained in the form specified in Appendix. - II.

4.15.8. Field Test Data - Records of field test data results should be presented in the form of
statistical analysis sheets and summary sheets in order to provide control required for enforcement of
statistical requirements of the specifications.

The test data summary sheets and inspection reports be used to form the basis of construction
control report, which should be issued from the site at fortnightly intervals during construction season The
report would contain narrative accounts of the progress and problems of fill construction, statistical analysis of
test data and photograph of the fill operations.

4.15.9 Embankment Test Section - Placement of compaction methods specified will have to be
verified by test embankment section to be built prior to starting of fill operations or at an early stage of dam
construction. The initial stage of dam construction itself could be made to serve the purpose of test
embankments. The test sections referred herein shall be used to establish:-

(a) Layer thickness of fills materials.
(b) Optimum practicable moisture content.
(c) Number of passes of the sheep foot roller, or weight of vibratory rollers vis -a vis number

of passes for effective compaction.

When an appreciable change in material occurs, additional test sections shall be
made during construction. The procedure for construction of the test embankment section is as follows.

(i) Select a location on the embankment where uninterrupted placing operations are being
performed. This area 15 m by 30 m should be carefully worked and referenced so that its limits will be easily
recognised. In order to expedite the determination of moisture contest to be used, more than one test section
may be established on the embankment at the same time.

(ii) During construction of the test section which will most probably continue for several
shifts, a complete record of the procedure should be kept . This record should include the number of layers
placed, the spread thickness of each layer, the moisture content, at which the materials were rolled, the
designated (No. 1, No. 2, etc.) of the rollers used the condition of the rollers (clean or dirty), the action of the
materials being rolled (such as wavy under the rollers, the amount of penetration of the roller teeth after
different number of roller trips etc.) and the borrow pit location from which the materials came.

(iii) Check the rollers to make certain that they met all the requirements of the
specifications.

(iv) Determine the required spread thickness of layer that will compact to the specified
thickness after rolling specified number of times and maintain this thickness as long as number of roller
passes is kept the same.

(v) Using the available data from borrow pit investigations of the materials to be used in the
test section, the optimum moisture content as determined by laboratory tests will be known and 3 percent less
than this moisture content should be used in the first 3 or 4 layers rolled.

(vi) After 3 or 4 layers have been placed at 3 percent less than the laboratory optimum
moisture content, field density test should be made throughout the section. These tests should be made for
atleast each 93 sq.m. of test section area, and should be distributed over the area that they will detect the
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effects of different compaction conditions encountered during construction. For example, if the section is
located near an abutment, certain parts of the area will receive more compaction from track travel than others,
hence some tests should be made in the portion compacted only by the rollers and so reported.

(vii) The next step is to compact another 3 or 4 layers at the moisture content slightly higher
(1 percent or 2 percent) then the moisture content previously used, maintaining the same rolled thickness of
layer and number of roller passes as in above. Field density tests are again made over the test section.

(viii) If the resulting field dry densities (of materials passing the No. 4 sieve) from (vii) above
shows an increase, with increase of moisture, again by another 1 percent or 2 percent, repeat the test. If an
increase in moisture results in a decrease in field density, then place the next layers slightly dry of the original
moisture content used and repeat the test. This procedure is nothing more than developing on the
embankment a moisture density relation or compaction curve for a certain roller, thickness of layer, and a
given number of roller trips. If special studies during investigation have indicated that, the material being
tested should be placed within certain moisture limits, or if the moisture limits to be used have been specified,
the procedure outline above should include tests at these moisture contents or at moisture contents both
greater and smaller than the specified.

(ix) The roller compaction curve is now compared with the standard laboratory compaction
curve If the field density of materials passing the No. 4 sieve (from the roller curve) is greater than the
standard compaction density at the specified moisture content, the test section should be continued
decreasing the number of roller trips while maintaining the specific desirable moisture content until the most
economical compactive effort is determined. When the roller trips are decreased, the required spread
thickness of layer that will compact to the specified thickness of compacted material should be reckoned.

(x) All works connected with the embankment test section will be done departmentally and
shall be allowed without hindrance.

4.16. TURFING -

After the slope has been dressed to line, it shall be slightly roughened to bond and hold a surface
dressing consisting of a 150 mm layer of good soil. The layer shall than be raked and lightly rolled with hand
roller or hand tamped as directed by the Engineer - in - charge the entire slope surface shall then be covered
with a layer of turf sod. The sod shall include a mat of roots and earth atleast 50 mm thick. Sod containing an
excessive amount of obnoxious growth shall be excluded. Sods shall be carefully handled in transportation
and transplanting so that a minimum amount of earth will be lost from the root mass. The strips of blocks of
sod shall be laid on the slope in close contact and then tamped firmly in place so as to fill and close the joints
between the blocks. The interval of time between cutting and laying shall be kept to a practicable minimum
and sod shall not be permitted to dry out. Immediately after placing, the sodded slope shall be thoroughly
wetted and kept moist for 10 days. The sodded slope shall be periodically moistened, if necessary for a
sufficient period to re- establish the plant growth. Humus sod shall be transplanted only during an approved
season. Alternatively the down stream slopes shall be topped with a 150 mm layer of good top soil and
seeded with approved grass seed as directed.

4.17. ADDITIONAL SPECIFICATION FOR CANAL EARTH WORK:
4.17.1 Alignment and Layout of Canals:

No work will be started unless alignment including curves is set out, reference lines and check profile
given in accordance with para 4.3 of the specification and edges of excavation and toes of banks etc., are dog
- belled or otherwise suitably demarcated as directed by the Engineer - in - charge.

4.17.2 Canal in Cutting - General -

(i) Excavation shall be carried out according to design with accurately graded bed fall and sides properly
sloped in accordance with drawings.

(i) The excavation shall be done by first cutting a central trench with slopes having steps with 30 cm.
rise and tread in accordance with the prescribed side slopes. When excavation is so completed upto bed
level, sides will be finally trimmed to correct profile by knocking off the steps and dressing the slopes to as
smooth a surface as the nature of soil permits. In cutting in hard rock smooth side cannot be obtained and it
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must suffice that the canal is excavated to the full section and depth. Trimming of slopes shall not be started
unless excavation is completed to correct bed level in full width designed, and the work executed is accurately
checked with respect to the reference line by the Engineer - in - charge. Finishing of slopes should be done
neatly and free from buldges, dents and wavy and undulating surfaces. To obviate such defects, trimming of
slopes in small lengths less than 60 m. should be avoided.

(i)  The classification of soils will be on the basis of classification visible at both the sides of the
excavation, but ridges ( addies) or deadmen ( matamas ) may be left at suitable intervals, if so directed by the
Engineer - in charge for facility of classification of soils.

(iv)  Excavated materials will be utilised in accordance with typical sections of canal given in the
drawings, either (a) In forming the canal banks on either side or (b) In embankments in other filling reaches of
the canal or (c) In spoil banks or (d) in any other suitable places as may be directed by the Engineer - in -
charge in case of excavation in rock excavated stuff will be neatly stacked as directed by the Engineer-in-
Charge and in such way that these can be easily removed or transported for other works. If so directed by the
Engineer -in -charge the materials will be stacked separately according to their gradation like masonry stones,
rubble, pitching stones, boulders chips etc.

4.17.3 Canals in Full Cutting:

(i) Excavated earth will be uniformly deposited in the canal banks or in the spoil banks so that the
banks have a neat appearance.

(ii) In the case of canal service bank, which has to carry the service road for inspection earth should
be deposited in uniform layers not exceeding 20 cm. Clods exceeding 10 cm in size will not be allowed
without breaking them to proper size.

(i) In non - service bank and spoil banks thickness of layer should not exceed 30 cm.

(iv)  In case of all banks (Including spoil), more gravelly material will be deposited as for as possible
on the top and in slopes and top of banks with slope as indicated in the typical sections.

(v)  Inridge canals continuous stretch of spoil banks shall be broken by leaving a gap of 3 m or more
at suitable intervals of 150 metres or as directed by the Engineer - in - charge to allow for drainage or passage
of traffic etc. However, In case of contour canals such gaps will not be left in the upstream spoil bank so that
drainage water from the sidelong ground does not enter the canal.

4.17.4. Canal in Partial Cutting:

(i) Relevant stipulations of the sub- paras 4.17.2. (i) and 4.17.2. (ii) above shall apply to this case
also. Banks will be formed in uniform layers not exceeding 20 cm thickness or as may be directed by the
Engineer - in - charge and no clods exceeding 10 cm will be allowed. Clods exceeding 10 cm size should be
broken to proper size. In case, the embankment is more than 3 metre height, work of watering moisture
control & compaction shall be done as per stipulations in Para 4.5., 4.8., 4.9. and 4.15..

(i) Where the banks have to retain water, they shall be formed, if so directed, with core of
impervious materials, firstly from the cutting of the canal and failing which from other borrow areas. Core will
be covered with suitable semi - pervious or pervious material that may be available.

(i)  Before commencing of embankment the seat will be cleared and stripped and ploughed and
furrowed or benched if so directed in accordance with para 4.17.7.

4.17.5. Canals in full Embankment not exceeding 3 m from Base to the Top - All relevant
stipulations of paras 4.17.2. to 4.17.4. above will apply in this case also. Embankment shall be made in
stretches not less than 100 m,

4.17.6. Canal in full Embankment exceeding 3 m height from Base to the Top - In this case
construction of embankments shall follow, unless repugnant to the context, all the relevant specification for
construction of an earth dam for a reservoir stipulated in paras 4.5, 4.8 to 4.16 and 4.17.7 subject to the
modification stipulated in para 4.17.8 below.
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4.17.7 Striping, Benching and furrowing and Ploughing:

4.17.7.1.The ground surface under all canal embankments excepting rock surface, where it is
below full supply level in the canal be stripped, benched or furrowed and ploughed as per guidelines given
below if not specified otherwise.

4.17.1.1. Benching - Benching should be provided only where the work is to be done on highly
undulating stiff ground, steeply sloping ground or on existing canal embankments. Benching shall consist of
excavation of triangular trenches with a slope of 1 In 12 with average depth of cutting as 15 cms, longitudinally
below the embankment seat or in the form of steps with height of steps not more than 30 cms. The slope of

trenches shall be towards the centre from the outer toes of the embankments.

4.17.7.1.2. Stripping and Ploughing and Furrowing - Recommended treatment on
embankment seat for stripping and ploughing and furrowing under different situation should be as below:
S.No. Type of Depth of stripping for
vegetable
growth on Q <3.0 cumecs Q > 3.0 cumecs
H>1.5m H<0.6 m H>0.6m H<0.6 m H>3.0m
1. Soil Containing 8 cm. Nil 15 cm. Nil 15 cm.
grass cover only ploughing only ploughing
and furrowing and furrowing
2. Agricultural Upto depth of --—--do---- 15 cm. ----do---- Upto depth of
land ploughing but ploughing but
not exceeding not exceeding
15 cms 15 cms
Note: 1. Where FSL in the channel is below the ground level, neither stripping, nor ploughing and

furrowing shall be done.
2. None of the treatments described in the above table shall be done for seat under spoil banks.

3. Where the depth of stripping needed is more than 15 cms, it shall be carried out only after
approval by the Engineer - in - charge.

The foundation for canal embankments shall be prepared in accordance with para 4.9.2 (a)
to (c) depending upon the nature of foundation materials.

4.17.7.2. Disposal of materials - In all the items of benching / stripping and preparation of base
on rocky strata, described in para 4.17.7.1. above, the material from excavation, shall be deposited in
specified areas in a manner as may be directed by the Engineer - in - charge and in such a way as not detract
from the finished appearance of the work.

4.17.8 Compaction - The dry density shall not be less than 90% of M. D. D. in case of unlined canal
more than 3 m height of embankment and lined canal irrespective of the height of embankment. Work of
watering, moisture control and compaction shall be done by the contractor, wherever it is so specified.

4.18 TRANSVERSE CONTRACTION JOINT IN DAM / BARRAGE:

4.18.1. General - Vertical transverse contraction joints shall be provided in the masonry and / or
concrete of the dam/barrage for convenience in construction and to provide for contraction of masonry/
concrete. The location and details of these joint shall be as shown on the drawings. The joint shall extend
through the full cross section of the dam profile and shall be started from the foundation. The contraction joint
in the concrete portion shall be smooth, as obtained with plane surfaces of form works in the case of masonry,
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the edge of the block at the joi