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PREFACE

The report of the Committee on Cost Control of River Valley

Project comprise of Five Volumes. The report of the Committee on specific

terms of reference and the recommendation are given in Volume I,

The Volume II of the report deals with Analysis of Rates both
for Manual as well as Machinery work.

A review of the contract specifications of works adopted by
various States show that every State project evolves its own specifica-
tions. It is felt that no uniform contract specifications, centrally
drafted, can serve the purpose of every project due to enherent varia-
tions from project to project as well as in local practices ensure
economy in construction. It is felt that in a large number of items
connected with River Valley Project a standard pattern of uniform
contract specifications can be drawn up. The effort has been made to
obtain contractual specifications of few of the Major projects taken
up recently for construction. These are given in volume III, IV and V
for reference and guidance of project authorities.
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SPECIFICATIONS
EARTH DAM
(MADHYA PRADESH)



Tal SETTING OUT WORKS

1211 Bench Marks:- Before Starting any work, the Contractor shall errect

a permanent bench mark, reference line and check profiles at Convenient posi-
tions approved by the Executive Engineer. The bench mark shall be 20 cm x

20 cm x 60 cm (9" x 9" x 24") with 40 cm (1 ft. 3 inch’ embeded under ground

and 20 cm (9") above ground. The words "B.M." with R.L. shall be conspicuously
carved and painted on the bench mark. The reference line shall comprise of

f the base line properly dogbelled on the ground with the number of masonry pil-
lars suitably spaced.

The check profiles as shall be of such materials and shall be located
at such places as to ensure execution of all slopés, steps and elevations, do
the profile or profiles indicated in the approved drawings. All measurements
shall be with reference to the reference line or the masonry pillars along with
reference line,

The Sub-Divisional Officer on behalf of the Executive Engineer shall
himself lay out all important levels and all control points with respect to
bench mark and reference line and corelate all levels and locations with bench
mark and the reference line. Important levels shall be checked by the Execu-
tive Engineer. All assistance shall be given for the same by the contractor.

In the case of spread out works, several bench marks, reference lines
and reference pillars may be necessary and shall be constructed before the work
is taken up as directed by the Engineer-in-Charge.

All materials and labour for setting out works including construction
of bench marks reference lines check profiles and surveys, as may be required
at the various stages of construction shall be supplied or made by the contrac-
tor at his own cost.

11 :2 Basis of Measurement and Payment

No separate payment shall be made to the contractor for the above work.
The rate for individual items of work under contract shall include the cost of
setting out works as indicated above.

1.2 PREPARATION OF WORK AND BORROW AREAS

19% 1 Clearing and grubbing operations shall be performed in excavation areas,
embankment areas, borrow areas including a 6 M wide strip measured beyond and
contiguous to the limit line of the areas. These sites should be cleared of
all trees stumps, roots, rubbish, bushes and other objectionable materials.

Such materials from clearing operations, shall be burnt, removed from the site
of work or otherwise disposed of as approved. All the materials shall be piled
neatly and when in a suitable condition shall be burnt completely. Piling for
burning shall be done in such a manner and in such location as to cause the
least fire risk. All the burning shall be so through that the materials are
reduced to ashes. Special precautions shall be taken to prevent fire from
spreading to the areas beyond limits of the cleared areas and suitable equipment




and supplies shall be available at all times for use for preventing and sup-

pressing fires. The cleared areas shall be maintained free of vegetable growth
during the progress of the Works.

Te2:2 Basis of Measurement and Payment

No separate payment shall be made to the contractor for this item. The
rate for items under the contract shall include the cost of clearing grubbing
and preparation of work and borrow areas.

T STRIPPING AND BENCHING

i Stripping shall have to be done at two places. (i) under dam seat (ii)
under clay blanket on upstream of dam.

All dam and embankment areas including a 300 M (10 ft.) wide strip be-
yond and contiquous to the areas of dam and embankment proper as shown on the
drawings shall be stripped or benched. Stripping shall to a sufficient depth
to remove all materials not suitable as foundation for the embankment. The
unsuitable material to be removed shall include loose rock, vegetable matter
including roots, top soil, sod, organic silt, swamp material and other perish-
able or other objectionable material that are unsuitable for use in permanent
construction or that might interfere with the proper bonding of the embankment
with the foundation, or the proper compaction of materials in the embankment,
or that may be otherwise objectionable. The stripping shall be kept in advance
of other items of works to ensure that no undesirable material gets mixed up
with approved embankment material. At locations where a river or sStream cros—
ses the dam or embankment site, loose sand and gravel and loose boulders shall
also be removed as directed. Stripped materials shall be disposed of 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, nor interfere with
the accessibility of the structure for operation where required.

1:3:2 Measurements and Payment

(a) Immediately prior to the beginning of the work,after the jungle and
silt clearance has been done, accurate cross sections of the existing ground
level at every 15 M (50 ft) interval or closer where necessary and normal to
the axis of the dam shall be taken over the area to be excavated and suffi-
cient distance outside the limits of excavation, levels on these cross sections
shall be taken at 3 metres. Final sections along the same lines after the
benching or stripping is completed shall be taken. Volume shall then be com-
puted for materials excavated and recorded.

{b) The payment for the work shall be on the measurement for the actual
work recorded in cubic metre units. It shall include all items like excava-
tion, dressing of benches and foundations, rehandling and removal of materials
from site.



1.4 RECORDING OF CROSS SECTIONS

1.4.1 After clearing etc., and stripping where necessary and prior to the
beginning of the work, starting Cross sections of existing ground at every 15
metres intervals or closer, depending on the nature of ground, normal to axis
of dam shall be taken up to sufficient distance outside the limits of work.
The levels on these cross sections shall be taken at 3 metres intervals and
entered in ink in the measurement book by the department agency in presence of
the contractor or his authorised agent if he so desires and shall be binding
on the parties after they are signed, both by the contractor and the Engineer-
in-Charge. These Cross sections shall form the basis of all future measure-
ments and payments. The starting cross sections shall also be plotted on
tracing cloth signed by the contractor and the Engineer-in-Charge and sent in
original to the Executive Engineer's office for record after keeping blue print
copies for the work at site.

1 odie2 Basis for Measurement and Payment

No separate payment shall be made to the contractor for this item, The
rate for items under contract shall include the cost of labour and other ma-
terials required for taking cross section.

145 EXCAVATION OF CUT OFF TRENCH UNDER DAM EMBANKMENT

1451 A cut off trench as shown in the drawings shall be excavated in the
foundation of the dam at the location indicated. This trench shall be excava=
ted to a depth of 60 cm. (2 ft.) to 120 cm. (4 ft.) into the 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 of the
excavation will not be required, but the cutting will in general follow lines
as specified in drawings. The area to be excavated shall be dewatered. 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. The dewatering
shall be accomplished in a manner that will prevent loss of fines from the
foundation, will maintain stability of the excavated slopes and bottom of cut
of f trench and will result in all constructions operation being performed in
dry condition.

1 o5l No trench excavation shall be started until the whole base of the dam

or atleast the substantial part of it is cleared, grubbed, benched or stripped
as required by specifications SO that suitable material out of trench excava-

tion can be directly utilised for forming the bank.

1453 No blasting of rock would be permitted for the excavatign in hard rock
when the excavation in hard rock reaches within about 90 cm. (3') of final
levels, if in the opinion of the Engineer-in-Charge such blasting will shatter
and disturb the rock below foundaticn. He.may also put similar restrictions
in cases where damage is apprehended to works in the neighbouring areas exist-
ing or under construction in such cases rock excavation should be completed by

chiselling and wedging etc.




embankment in which it is to be placed will be determined by the filed labora-
tory and prescribed by the Engineer-in—Charge. Materials excavated from the
cut off trench shall not be placed in the embankment ti1] foundation for the
embankment has been cleared, stripped and pPrepared as specified and adequate
arrangements made for watering and rolling the layers of the earth fill in

the embankment, Thisg material shall be subject to the same degree of embank-
ment control as materials obtained from borrow pits.
from the cut off trench which are not suitable for use

embankment requirements Or other earth work requirement shall be disposed of

The materials excavated

1455 Back Filling of Cut Off Trench

Cut off trench shall be back filled with impervious materials of the
Same specifications and in the same manner as for the impervious hearting
zone of the embankment of the dam. Cut off trench shall be filled back by
impervious earth placed in the continuous approximately horizontal layers not
more than 15 c.m. (6%") in thickness after being rolled under optimum moisture
contents. Higher thickness of layers may also be permitted, if suitable com-
paction unit such as vibratory compactor are used to give the required density
under optimum moisture content. The extent of thickness of layer shall be de-
termined in the field by laboratory test. Watering of earth work and its
compaction shall have to be arranged by the contractor.

156 Measurements & Payments

of each classification in accordance with the description given in the schedule
of quantities. Payments for the back filling of the cut off trench shall be
made in the same way as for the impervious hearting zone of the embankment of
the dam.

Payment shall be made as per actual measurements of work done at unit
rate of one cum. and shall include all items of work including excavation of
€arth and transportation, breaking clods, picking of roots, levelling and lay-
ing, watering and compaction. It shall include also all leads and lifts_of
disposal and shoring wherever necessary. For wet excavation and dewatering no




 eparate payment shall be made and same will be included in the respective
ftems in schedule of quantities and bids. For running and completed works pay-
nents will be made as explained in the foregoing paras.

.6 FOUNDATION GROUTING

1.6.1 . Scope: This specification covers to construction of the grouting cut
'off curtain below the core of the earth dam.

1:642 General Programme: The curtain will in general be formed by grouting
from a single row of holes, but in places double row may be required.

1583 Grouting Material: Grout for injuction under pressure into rock shall
consist of cement, bentonite, water and in special circumstances sand.

Cement used in grouting shall be of good guality portland cement con-
forming to IS-1489-1967. It shall not contain particles more than half per-
cent coarser than 200 mesh,

Water for mixing shall be clean, fresh and free from injurious amount
of oil, acid, alkali, salts, silts, organic material and other deleterious
substances.

1 Kg. of 200 mesh bentonite clay per bag of cement shall be used with
cement as admixture.

Sand, if used in grout mixture, shall conform to the requirements of
IS specifications for sand for concrete with the limitation that sizes above
No. 120 Indian Standard Sieve size shall be excluded.

Grout Mixtures: Grout to be used shall normally be a water cement and
bentonite mixture. The ratio of water to cement will be varied to meet the
characteristics of each hole as revelasd by the grouting operations. As a
general rule, initially the grout shall be fairly thin (in relation to thicker
mixes which may be used) so that characteristics of the foundation rock could
be estimated without chances of loosing the hole. Grout mix used shall be
tested at‘frequent_iﬁtervals to ensure that the material are uniform in qua-
lity. Grout shall be used within an hour and retampering shall not be per-
mitted. Grout mix left unused after an hour, or at the end of days work shall
be rejected.

164 Casing pipe: Grouting may be started before excavating the trench to
the final finished surface by providing a casing pipe of length equal to the
depth of zone to be removed. The casing pipe shall be driven tightly against
the rock such that there is no leakage of grout along the pipe. No separate
payment shall be made for the use of casing. It shall be included in the rate
of grouting.

1+6:58 Drilling: Holes shall be set out and drilled at locations and to
depths as shown in the drawings, or as required at site conditions. Use of
percussion type of drill shall be permitted. The minimum diameter of each



grout holes shall not be less than that produced by the commercial standard Ex,
size drill bit i.e. approximately 38 mm.

Holes shall be drilled vertically or at an inclination to the verticals
as shown on drawings, or as required by site conditions. Exploratory holes
shall not deviate from the required direction by more than one percent of the
length of the hole, as measured at the point of maximum penetration. .11 mea-
surements relating to the depth of hole shall be made from the ground ccllar
of the holes. An accurate log of all drill holes shall be maintained.

As soon as drilling of holes is completed & holes blown clear of muck,
standard 65 mm (2%") black steel pipe, 45 cm (18") long shall be solidly an-
chored in the drill hole with grout, mortar or lead wool or other suitable
material for making connections for grouting. The upper ends of the pipes
shall be threaded and a coupling installed for convenience in making grout
connections and each coupling shall be fitted with a cast iron plug which will
be screwed in loose to prevent the entrance of debris. After grouting opera-
tions are finally completed, the contractor will be allowed to take back the
steel pipe with fittings. Drilled holes or portion of holes shall not be left
ungrouted for long.

All holes remaining open on completion of work shall be backfilled with
grout.

1.6.86 Pressure testing of Holes: During the drilling of holes or after dril-
ling is completed or during or after grouting any or all of the holes shall be
water pressure tested.

The procedure for water pressure testing shall be as specified herein.
If a hole is drilled to full depth, the section of the hole to be tested shall
be isolated by sealing it off with special double packers attached to a perfo-
rated steel pipe and lowered into the hole. If stage drilling method is used,
a single packer shall be used to isolate the section to be tested. Water shall
then be pumped into the test section under pressure and for periods specified
herein,

A record of the time, pressure and quantities of water used for test-

ing a section of hole shall be maintained, before use and shall be periodically
tested for accuracy and satisfactory operation.

The existing water level in the hole to be tested shall be established
and recorded before commencement of pressure testing.

The pressure test shall be performed in one continuous operation using
- the following steps of pressure and times:

Step No. 1 Pressure I (P) I Elapsed time
1 1 i in Minutes
14 P1 - 1/3 P3 5
24 P2 - 2/3 P3 5
s P3 - Prescribed Grouting 10
Pressure
4 P - 2/3 P 5
" 4 3
- 5
5 P5 1/3 P3

6



The pressure for step number three shall be equal to the grouting pres-
sure for the stage.

In some cases after steps 4 and 5, the hole valve shall be closed and
the pressure drop observed and recorded for a maximum period of 3 minutes in
each instance.

The general requirements for grouting described herein shall be follow-
ed through all grouting work unless otherwise directed.

Drilling and grouting holes for curtain grouting shall be done using
the split spacing method. Primary holes shall be drilled and grouting before
the secondary holes are drilled and grouted and the teritary holes shall be
taken up last,

Packer grouting shall be performed by attaching a packer to the end of
a grout supply pipe into the drill hole until it reaches the nearest part of
the farthest stage to be grouted at a specific pressure, setting the packer
and grouting the stage beyond the packer at the required pressure, allowing
the packer to remain in place until there is no back pressure, withdrawing the
grout supply pipe to the nearest part of the next stage required & grouting
the whole in successive stages as required. In stage grouting the hole will be
drilled to a limited depth, pressure tested and then grouted at that depth.
After the hole has refused grouting (to the extent specified hereinafter) it
shall be flushed out before the grout in the hole has set sufficiently to re-
quire re-drilling. After the grout surrounding the grouting hole has set, the
hole shall be water pressure tested and may be re-grouted, if considered neces-
sary. Thereafter successively deeper stages shall be drilled, grouted and
tested at increasing pressure, until the required depth of the hole is comple-
tely drilled and grouted. Each stage shall during these operations be isolated

from the previous stage by a packer provided at the bottom of the previous
stage.

The packers used shall be so designed that they can be expanded to seal
the drill hole at the specified elevations and when expanded shall be capable

of withstanding, without leakage water pressure equal to the maximum grout
pressure to be used.

The depth of each stage shall be 4 to ém, but may vary as required by
site conditions.

If the conditions at site so indicate, the operations shall be so
arranged that the grouting of 4 (or less as required) primary and secondary
holes on either side of the hole being grouted shall have been completed upto
the next upper stage in advance.

The maximum grouting pressure will be equal to 0.20 Kg/cm2 per metre
depth of packer (0.87 psi per ft.) or grouted zone or as specified in drawing
measured on the back pressure gauge located at the header. In no case the
pressure be such as will cause upheavel of the bed rock. Sensitive upheavel
indicators shall be installed at suitable locations, and shall be carefully




watched for any indication of uplift during water pressure testing and grouting
operations. Higher grout pressure may be used in final sealing.

Bottom of these upheavel indicator installations, shall extend 6 m or
more below the deepest grouting and shall in no case be less than 3 m deeper
than the bedding plane to which the grout holes in its vicinity extend.

The pumping rate will normally be governed by the required pressure.
If it is found impossible to reach this pressure while pumping a certain type
of grout mixture at the maximum speed of the pump, the speed of the pump shall
be reduced, and if the desired pressure still cannot be reached, the grout
mixture shall be changed or pumping discontinued.

Under no conditions shall the pressure or rate of pumping be increased
suddenly, as either may produce an effect which would promote stoppage or
opening of cracks of seams. ’

Grouting mixes usually shall range between 10:1 and 0.5:1 by volume.
Grouting of all holes shall, however, commence with relatively thin mix. The
specified pressure shall be maintained for a minimum period of 5 minutes with
this mixture, if such pressure is attainable. The length of time for which
this cement ratio is used after the initial 5 minutes period shall be deter-
mined according to the characteristics of the hole. For instance, if the hole
takes grout freely at this water cement ratio and the pressure specified cannot
be built up or maintained or if the grout appears in other holes drilled in the
area or in cracks in the bed rock surface, it shall not be used longer than for
a period of 10 to 15 minutes, after which the water cement ratio shall be
gradually decreased.

If it is found that the hole will take grout at the rate of the maximum
capacity of the grout pump and no decrease in the rate of grout intake is obser-
ved while pumping a mixture having a water cement ratio of 0.5 or that no re-
sistance can be built by reducing the pump speed, the grouting of the hole shall
be continued for a maximum of 1 hour at minimum pump speed. If the rate of
grout take still does not decrease the grouting of that hole shall be disconti-
nued for a minimum of 2 hours to allow the grout to attain initial set. There-
after, the hole shall be cleaned and after a period of 6 hours grouting shall
be resumed. If it is found that certain holes cannot be effectively grouted
with water cement mixture due to very large cavities or extensive grout take,
sand grout mixture may be used when directed,

The amount of sand used in the mix. will be increased progressively
until the maximum amount which the equipment will handle successfully has
been reached. If the desired results are not obtained with this mix. grouting
will be discontinued. In such event the hole shall be cleaned, the grout
allowed to set, and additional drilling and grouting shall then be done in
this hole or in the adjacent areas, as directed until the desired pressure
is built up.

If necessary to relieve premature stoppage, periodic applications of
water under pressure may be made, however, no prolonged application of water



shall be allowed. If during the grouting of any hole grout is found to flow
from adjacent grout holes in sufficient quantity to interfere seriously with
the grouting operation or to cause appreciable loss of grout, such holes may
be capped temporarily. Where such capping is not essential ungrouted holes
shall be left open to facilitate the escape of air and water as the grout is
forced into adjacent holes. Before the grout has set, the grout pumps shall
be connected to adjacent capped holes and to other holes from which grout flow
was observed and grouting completed at a pressure specified in this section.

The grouting of any hole shall be continued until grout intake connec-
tion takes grout at the rate less than 2 litres per minute of grout mixture in
ten minutes at the maximum pressure used for grouting. After grouting of any
hole is finished, the pressure existing in the hole shall be maintained by
means of a valve until the grout has set to the extent that it will be retained
in the hole.

The following requirements shall also be met during grouting:

(1) Drilling, washing, pressure testing or grouting shall not be performed
within a distance of 12 m. or such other distance as may be considered suitable
for the site condition, from a hole being pressure tested or grouted, unless

at least one grout hole in between these holes, has been completely grouted

and a period of 6 hours has elapsed since the completion of such grouting.

(2) On steeply sloping ground, grouting shall invariably proceed from the
lower elevation to the higher. The arrangement of the grouting equipment shall
be such as to provide a continuous circulation of grout throughout the system
and to permit accurate pressure control by operation of a valve on the grout
return line, regardless of how small grout take may be. Pressure gauges and
adequate valves will be required at the pump and at each hole to ensure re-
quired control bye pass and shut off. The equipment and lines shall be preven-
ted from kecoming, fouled by constant circulation of grout and by the periodic
flushing out of the system with water. Flushing shall be done with the grout:
intake valve closed, the water supply valve open, and the pump running at full
speed.

1.6.7 Regrouting: The effectiveness of the grouting work shall be checked

as work progresses, by tests performed in a series of vertical and/or inclined
holes drilled along the grout curtain every 15 m. or so. Pressure tests in
these holes, and core recovery, may indicate parts of the foundation already
grouted require additional grouting. In such event additional holes shall be
drilled and grouted as and when required.

1648 Protection of Work & Cleaning: During drilling, testing and grouting
operations, the rock surface in the grouting area and the surrounding 10 m
wide strip shall be kept free and clean of oil, grease, drill cutting, muck,
grout cement, excess water or any kind of waste. To prevent surface leakages
of grout all joints shall be properly closed by caulking with lead wool.

The appearance of grout from any of the cracks, openings cavities or
drilled holes of any type in the grouting area shall be carefully watched and
shall be recorded and immediately reported.

9



At all times during the pProcess of the work all cpen drill holes,
cleaned out faults, cavities and larger cracks in the bad rock or concrete
surface shall be protected from becoming plugged or filled with oil, grease,
drill cuttings, muck, grout cement or any kind of waste,

a

1:.6,8 Technical Field Records: The contractor shall assist in maintaining
an accurate and up-to-date technical field records of all surface testing,

connection with this work, for esach hole in a chronological order in the per-
forma given in Appendix-I.

1.6.10 Measurements & Payments

(a) Items of Works to be executed in accordance with specifications given
in para 1.6.0 to 1.6.9 and Lo be paid to the contractor are divided suitably
as noted in the schedule of quantities and bids.

(b) Rates quoted vide schedule of bids above should take into account the
following:

(i) Eguipment: No equipment or machinery required for the due perfor-
mance of the contractor, shall ordinarily be supplied to the con-
tractor by the Department unless specified to the contrary.

(ii) Cement: Cement required for the above item shall be supplied by
the Department from stores at . Cost of Cement
shall be recovered at the issue rates. The tendered rates offered
by the contractor for this work shall be inclusive of all leads &
lifts of material.

Water: Water for drilling and grouting operation shall have to be
arranged by the contractor. The rates tendered for these items
shall be inclusive of Water Charges,

(1ii) Working hours, departmental instructions, supply of cement for
construction purposes shall be regulated by the time schedule
contemplated in the contract documents and signed by both parties
at the time of signing of the agreement. The work shall be car-
ried out in a business like manner during the currency of the
time schedule and the contract.

(iv) Re-drilling required because of contractors failure to clear out
a hole before the grout has set shall be performed by the contrac-
tor at his own expense, but when the grout has been allowed to
set by the direction of Executive Engineer, the required re-dril-
ling shall be paid to the "Re-drilling" rate quoted by the con-
tractor

Drilling shall be measured in metres from the ground coller
of hele. Payment for drilling will be made at his tenderad rate
which shall be inclusive of cleaning, washing & water pressure
testing.

10



Grouting shall be paid at the tendered rates on total con-
sumption of the hole in Kgs., of cement. Unit rate of grouting
shall be inclusive of water pressure testing during and after
grouting wherever necessary.

Re-drilling wherever necessary shall be measured in meter
and paid at the tendered rates.

1.7 BORROW AREAS

T Tou k General

All materials required for the constructicn of impervious, semi-per=-
vious or pervious zones of embankment and backfill for cut off trench which
are not available from cut off trench excavation or other required excavation
shall be obtained from the designated borrow areas as shown in drawing or as
designated by the field laboratory. The depths of cut in all borrow areas will
be designated by the Engineer-in-Charge and the cuts shall be made to such de-
signated depths only. Shallow cuts will be permitted in the borrow area if
unstratified materials with uniform moisture contents are encountered. Each
designated borrow area shall be fully exploited before switching over to the
next designated borrow area. Haphazard exploitation 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 produce the required uniformity of mix-
ture of materials for the embankment.

Borrow pits in the reservoir area shall not be opened within ten times
the height of the embankment from the upstream or the down stream toes. Bor-
row pits shall be operated so as not to impair the usefulness of spoil, the
appearance of any part of the work or any other property. The surfaces of
wasted materials shall be left in a reasonably level and even condition.

Te7e 2 Stripping of Borrow Areas

Borrow areas 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 excava-
ted. Stripping operations shall be limited only to designated borrow areas.

Materials from stripping shall be disposed of in exhausted borrow areas or in
the approved adjacent areas.

178 Borrow Areas Watering

Borrow area watering will be done by the contractor wherever necessary
and in the manner considered necessary by the Engineer-in-Charge.

The initial moisture content of the material in the borrow areas shall
be estimated with the help of laboratory tests. The optimum moisture content
for the material in the particular borrow areas shall be obtained from the
field laboratory. The additional moisture requirements as determined by the
laboratory test shall be introduced into the borrow areas by watering well in
advance of the excavation to ensure uniformity of moisture content. All care
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shall have to be taken to reduce excessive moisture in any of the locations of
a borrow area before or during excavation to secure the materials with moisture
content close to the optimum. To avoid formation of pools in the borrow areas
during excavation, operation, drainage ditches from borrow areas to the suit-
able out lets shall be excavated wherever necessary.

T1.7.4 Payments

No payments will be made for any of the above works as these will be
covered in the over-all rate of the earthwork in the dam embankment.

1.8 DAM EMBANKMENT - GENERAL

The embankment shall be constructed to the lines and grades shown on
the drawings. Placement of £fill within the zones as shown in the drawings,
within which £ill materials having different characteristics ‘are to be placed,
shall be performed in an orderly sequence and in an efficient and workman-
like manner, so as to produce with in each zone, fills having such gqualities
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 parts of the
foundation for placing embankment materials thereon and of all materials for
use in embankment construction will be determined by the field laboratory.
Above the dam embankment foundation at any cross section the difference in
elevations of the dam embankment shall not exceed 0.6 M unless specifically
authorised by the Engineer-in-Charge of the work. The placing of the layers
‘for the embankment portion programmed for construction in the season shall be
continuous and approximately horizontal. The dam may be constructed in dis-
continuous portions for reaches, provided that the slopes of the bonding sur-
face parallel to the dam axis between the previously completed portions of the
dam embankment and materials to be placed in each zone shall not be steeper
than 4 to 1.

1«9 PREPARATION OF FOUNDATIONS

(a) Rocky foundation;
(b) Scil foundations;and

(¢) River bed sand foundations.

Foundation preparation shall be done subsequent to stripping and exca-
vation, if any. No material shall be placed in any section of the earth fill
portion of the dam embankment until the foundation for that section has been
dewatered, suitably prepared and has been approved by the Executive Engineer.
All portions of excavations made for tests pits or other subsurface investi-
gations and all other existing cavities found within the area which extended
below the established lines of excavation for embankment foundation, shall be
filled with earthfill of the corresponding zone of the embankment.
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All test pits within a distance of 10 times the height of dam embank-
ment from the upstream toe shall be filled by impervious material.

Surface of masonry walls against which the fill is to be placed shall
be cleaned and moistened prior to placing the earth £ill. The foundation im-
mediately adjacent to the masonry structure shall be thoroughly cleaned of
loose materials and moistened.

Pools of water shall not be permitted in the foundation for embankment
and shall be drained and cleared prior to placing the first layer of embankment

materials.

(a) Rocky Foundation:

The treatment of the Work surface under the dam shall be so done as
to ensure a tight bend between embankment and the foundation. This shall be
obtained by the following procedure.

Before the grout curtain is installed, the area of the rock surface
which is to be in contact with the embankment shall be fully exposed by remov-
ing all the loose and disintegrated: rock leaving the rugged surface of rock
rough. Hard rock projections and overhangs shall be removed. If blasting is
to be resorted to, care shall be taken to avoid objectionable shocks to found-
ation rock and abutments. As far as possible the whole contact area shall be
exposed at one time to enable examination of rock surface characteristics and
planning the method of treatment.

Cleaning and Skovelling

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 shovelling and soft erodable seams and localised decompositions cleaned
out as deep as possible.Loose rcck shall be removed by wedging and hand picking.
Layers of grout spilled from grouting operation shall be chipped out and re-
moved. Finally, the hand cleaned surface shall be thorougnly 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 jet shall be used as a
final step in the clean up operation.

Foundation rock which is fairly impervious but has a very rugged sur-
face shall be treated by laying embankment material at a moisture content
slightly above the optimum, in thin layers and compacted with mechanical egquip-
ment/small tampers to ensure that all irregular depression in the rock sur-
faces have been filled with soil to create an affective/complete bond. The
moisture content and the layer thickness shall be specified by the field la-
boratory. Any open crack in the rock surface shall be sealed with cement
grout by appropriate means, Fault zones or large cracks shall be dug out to a
depth as determined by the Executive Engineer and backfilled with concrete.

Sealing Cracksg:

Deep pot holes or pockets shall be filled with hand compac-
ted so0il or concrete. If the rock surface in the bottom and sides of
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pot holes is cracked, the crack should be sealed with cement grout. If the
rock surface contains too many closely spaced pot holes, the entire rock sur-—
face 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 ma-
terials that are exposed in the cut off trench shall be scoped out to the
greatest depth practicable (not less than twice their width at the surface)
with the aid of crowels, bars and cleaned with air water jets and then filled
with slush grout, Slush grout shall consist of cement and sand thoroughly
mixed in proportion I part of cement to 2 parts of sand by volume with suffi-

(b) Soil Foundations:

Soils foundation shall be scarified and loosened by means of a Pplough,
ripper or other methods to a depth of about 15 cms., to 20 cms, to the satig-
faction of the Engineer-in-Chargeo Roots or other debris turned up during
scarifying shall be removed from the entire foundation area for the £i1l., Ft
shall then be moistened to slightly above the optimum moisture and compacted
by required number of passes of the compaction equipment to the same percentage
cf compaction as the embankment, The purpose of using higher moisture than
optimum is to ensure forcing of the soil into any unseen soft zones just below
the surfaces, The first few layers of fill for the embankment shall be of
depth 10 to 15 cm and shall be carefully placed, ensure uniform compaction and
a satisfactory intimate bond between the foundation soil and the fill materials
especially under the Central Core, These layers should be composed of the most
impervious materials in the central portion., 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 type of rolling equipment
will do.

e @ 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%. To minimise the effects of any structural re-adjustment in a
loose foundation, earth-fill shall not be allowed to be Placed until the found-
ation has been tested and relative density found to exceed 70%,

110 EARTH FILL MATERIALS

The material for the respective zones of embankment shall be obtained
from borrow areas designated by the field laboratory, which also will specify
the depth of cut in the borrow areas required for obtaining the desired gra-
dation 1in the materials. 1In general, all material 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-strata occurs in well defined layers differing consi-
derably in mechanical analysis, so that mixture is not suitable for any parti-
cular zone, the materials shall be excavated layer wise by scrapers or other
suitable means and the materials Placed in the zone for which it satisfied the
requirement,
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d Chemical and physical tests of soil in the embankment shall be carried
;}ut to ensure that the soil does not contaln (a) soluble lime contents (b) so-

1,11 PLACING EARTH FILL

The distribution and gradation of the materials throughout the earth-
ill shall be as shown on the drawing or as directed. The fill shall be free
! from lenses, pockets streaks or layers of materials differing substantially in
ftexture or gradation from the surrounding materials. The combined excavation
f and placing operations shall be such that the materials when compacted in the
F carth £ill will be blended sufficiently to produce the best practicable degree
- of compaction and stability. Successive loads of materials shall be dumped on
F the earthfill so as to produce the best practicable distribution of the mater-
‘ial. The various zones shall be clearly delineated on the embankment and the
" materials from borrow areas placed accordingly.,

i The clay blanket shall be laid in a manner similar to clay core and
3compacted to same degree of compaction of optimum moisture content.

i Particular care shall be taken to ensure that materials are not so

. placed as will be conducive to the formation of intermittent relatively imper-
| vious blankets in the shell zones, which will interfere with their satisfactory
. drainage,

; No stones, cobbles or rock fragements, having maximum dimensions of

. more than 10 cms (4") shall be placed in the earth £ill., Such stones and cob-
jbles shall be removed either at the borrow pit or after being transperted to

{ the earthfill but before the materials in the earthfill are rolled and compac-
. ted. The materials shall be placed in the earth f£ill in continuous horizontal
layers, not more than 15 cms. (6") in thickness after being rolled as here=-

- inspecified, Higher thickness of layers may be permitted, if suitable compac-
. tion 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
i shall exceed 25 cms. The extent of thickness of layer shall be determined in

the field by laboratory test, During construction, a small transverse slope
shall be provided to prevent formation of water pools due to rains, If in the
opinion of the Engineer-in-Charge, the surface of prepared foundation or the
rolled surface of any layers of earthfill is too 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 sufficient depth to provide a satisfactory bonding surface before
the next succeeding layer of earthfill material is placed. If the rolled sur-
. face of any earthfill is found to be too wet for proper compaction of the

. layer of earthfill material to be placed thereon, it shall be racked up and
allowed, to dry or be worked with harrow, scarifier or any other suitable
equipment to reduce the moistuxe content to the reguired amount, and then it
shall be compacted before the next succeeding layer of earthfill material is
placed.

s

Ty
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When compacting the soil against steep rock abutments or walls of maso-
nry or concrete structure, the construction surface of embankment shall be
sloped away from the rock or masonry or concrete structures for a distance of
2.5 M to 3.5 M at an inclination of 6:1 or steeper. If the foundaticn surface
is too irregular to allow the use of large roller directly against a structure
or rock out crop, roller shall be used to compact the soil as close to the
structure or the outcrop as possible and the portion of the embankment directly
against rock or the structure should be compacted with pneumatic hand tampers
in thin layers. The moisture contents of the earthfill placed against the
rock or the structure shall be slightly above the optimum, to allow it to be
compacted into all irregularities of the rock and this shall be determined by
the field laboratory. In placing the earthfill on rock foundation, the founda-
tion shall first be prepared as detailed earlier. Care shall be taken in plac-~
ing the first layer of the fill so that no damage is caused the hauling machin-
ery by rock out crop which will get concealed by the spread layer of the £ill.
Sheep foot rollers shall not be employed for compaction till the thickness of
the layers compacted by other means is greater by 30 cms., (12") than the depth
of the foot of the roller drum, The soil for the first layer shall be at a

moisture content sufficient to enable satisfactory bonding of the £ill with the
rock surface.

1.12 WEATHER CONDITIONS

Embankment materials shall be placed only when the weather conditions
are satisfactory to permit accurate control of the moisture content in the em=—
bankment materials. During monscons, before stopping work on embankment, for
any continuous spell, the top surface shall be graded and rolled with a smooth
wheeled roller to facilitate runoff, Prior to resuming work, the top surface
shall be scarified and moistened or allowed to dry as necessary.

The contractor shall provide suitable protection works to protect the
slope from erosion from rain waters. No payment whatsoever will be made for
providing such protection works.

1473 MOISTURE CONTROL (WATERING)

The water content of the earthfill material prior to and during compac=
tion shall be distributed uniformly throughout each layer of material and it
shall be between (-) 2 to (+) 1% of the optimum moisture content for casing
material and between 0 to (+) 2% for hearting material. Moisture determina-
tion of soils as well as needle moisture determination of soils shall be car-
ried out as per designation E-9 and E-22 of U.S.B.R. Earth manual. (1968).
Laboratory investigation 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. Here-in-after, the term range of opti-
mum practicable moisture content shall refer to the value as described above.

If additional moisture is required, it shall be added by sprinkling
water before rolling of layer. If moisture is greater than required, the ma-
terial shall be spread and allowed to day before starting rolling. Moisture
control shall be strictly adhered to., As far as practicable, the material shall
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be brought to the proper moisture content in the borrow area before excavation.
The moisture content shall be relatively uniform throughout the layer of ma-
terial. If necessary, ploughing, disking, harrowing or blending with other
materials may have to be resorted to obtain uniform moisture distribution.

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,

1.14 COMPACTION OF EACH WORK

1.174.1 wWhen each layer of material has been conditioned so as to have the
proper moisture content uniformly distributed throughout the material, it shall
be compacted by passing the tamping rollers. The exact number of passes shall
be designated by the field laboratory after necessary tests. The layers shall
be compacted in strips overlaping not less than 0.6 M. The rollers or loaded
vehicles 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. Density tests shall be made after rolling. Dry density attained shall
satisfy the compaction standards specified in "Criteria for control of compac-
ted dam embankment" (Table 4 page 275 of Earth Manual of U.S. Bureau of Recla-
mation) reproduced and attached as Annexure-1,

Rollers will not be permitted to operate within 1.0 meter of concrete
and masonry structures. In locations where compaction of the earth fill ma-
terial by means of the roller is impracticable, or undesirable, the earthfill
shall be specially compacted as specified herein at the following location,

(i) Portions of the earthfill in dam embankment adjacent to masonry struc-
tures and embankment foundation designated on the drawings as specially com-
pacted earth fill,

(ii) Earth fill in the dam embankment adjacent to steep abutment & locations
of instruments and

(2d4.) Earthfill at locations specifically designated.

Earthfill shall be spread in layers not greater than 10 cms, in thick-
ness when loose, and shall be moistend to have the required moisture content
in accordance with paragraph 1.11. When each layer of material has been con-
ditioned to have the required moisture content, it shall be compacted to spe-
cified density by special rollers, pneumatic 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 earthfill
actually placed in the dam embankment in accordance with para 1.11.

1,14.2 Watering
Watering of earthwork for consolidation shall be carried out by the

Contractor. He will use his own storage pumping equipment and lay suitable
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pipe lines of adequate capacity on upstream and downstream of the dam. Tee
connections will be provided at regular intervals in the main pipe line to
connect the off-take lines having valves to control the flow. The whole sys-
tem will be such and so laid that regular flow of water is ensured on the dam
at all times, The bipe lines will be required to be raised as and when re-—
quired with the raising of the earth work on the dam,

Measurement & Payment

No separate payment for watering of earth and_&ts compaction shall be
made to the contractor. The rate of earthwork tendered for filling of cut off
trench with impervious material, clay core, shall material and clay blanket
shall be inclusive of watering and compaction charges.

1:15 EMBANKMENT TEST SECTION

Placement and compaction methods specified will have to be verified by
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 sec-
tions referred here in shall be used to establish:

a) Layer thickness of fill material,
b) Optimum practicable moisture content.,

c) Number of passes of sheepfoot roller or weight of vibratory
roller, vis-a-vis number of passes for effective compaction,

When an appreciable change in material Ooccurs, as may be indicated by
an. increase in the density, additional test sections should be made during
construction,

The procedure for construction of an embankment test section is as
follows:

(a) Select a location 15 M by 30 M (about 50 £t x 100 ft) on the embank-
ment where uninterrupted placing operations are being performed, and should be
carefully marked and referenced so that its limits will be easily recognised.
In order to expedite the determination of moisture content toc be used; more
than one test section may be established on the embankment at the same time.

(b) During construction of the test section which will most probably con-
tinue 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
designation (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,
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(c) Check the rollers to make certain that they meet all the requirements
of the specifications. :

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

(e) Using the available data from the borrow pit investigations of the ma=-
terials to be used in the test section the optimum moisture content as deter-
mined by laboratory tests will be known.

(£) After 3 or 4 layers have been placed at 3 percent less than the labo=-
ratory optimum moisture content, field density test should be made throughout
the section. These tests should be made for at least each 93 sg. meter (1000
sq.ft.) of test section area, and should be so distributed over the area that
they will detect the 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.

(g) The next step is¢ to compact another 3 or 4 layers at a moisture content
slightly higher (1 percent or 2 percent) than the moisture content previously
used, maintaining the same roller thickness of layer and number of roller

passes as in above. Field density tests are again made over the test
section.
(h) If the resulting field dry densities (of material passing the No.4

sieve) from para (g) above show an increase with increase of moisture, then
increase the moisture again by another 1 percent or 2 percent and 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 embank-—
ment 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 outlined above should include tests at these

moisture contents or at moisture contents both greater and smaller than the
specified limits.

(=) The roller compaction curve is now compared with the standard labora-
tory compaction curve, If the field density of materials passing the No.4
sieve above (from the roller curve) is greater than the standard compaction
density at the specified moisture content, the test section should be conti-
nued, decreasing the number of roller trips while maintaining the specific
desirable moisture contents 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.
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(3) All works connected with the embankment test section will be done de-
partmentally and the contractor will allow this to be done without let or
hindrance..,

1.16 DRESSING SLOPES

The outside slopes of the embankment shall be neatly dressed to lines
and grades as the placing of fill progress. To ensure compaction on the edge,
the cross section of the £ill during construction shall be kept suitably wider
as directed by the Engineer-in~Charge and cross section shall be dressed to the
designed requirement after compaction for which no extra payment will be made
and the cost of the same shall be included by the Contractor in the per cubic
metre rate of completed item of earthwork as dealt with later under measure-
ments and payments,

Compaction shall extend over the full width of the embankment and ma-
terial in earth slopes shall be compacted as for the rest of the structure.
All humps and hollows varying more than 15 Cm. (6") from the neat lines of the
embankment shall be regraded, Material used to fill depression shall be thorough-
ly 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, by the contractor at his cost,

1.4 17 SETTLEMENT ALLOWANCE

In the earthfill embankment, settlement allowance of 2% will be provi=
ded. 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 the elevations including settlement allowance will
be derived, the embankment widths at the designed level remaining same., The
edge of embankment at the increased elevations (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.

1418 INSPECTION AND TESTS

The Executive Engineer shall maintain and exercise thorough check on
the quality of f£ill material delivered to the dam and shall arrange to obtain
the data and in situ properties of the materials after compaction for compari-
son with designed assumptions., To achieve these objectives, a programme of
fill testing and inspection shall be planned to effect quality control.

Scope of Testing and Inspection Required

Field control of f£ill materials will require visual and laboratory
checks. The checks on the effectiveness of placement and compaction procedures
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will require to be made by field density tests at prescribed intervals. The
control shall be both the method type and/or on an end result basis.

1.18.1 Before Compaction

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

(a) Borrow Areas

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

(ii) Estimation of moisture content of materials by visual examination
and feel,

(iii) 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 £ill materials.,

(ii) Moisture content shall be controlled by adding water or aeratlng
the soil according to laboratory tests.

(iii) It shall be ensured that the methods of dumping; spreading and

moisture conditions are such that which results in reducing seg-
gregation and/or variation of moisture content to a minimum.

1.18.2 During Compaction

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

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

(ii) That the fill is compacted by the specified number of passes of
the specified machinery.

(iii) That no excessive rutting, weaving or a scaling of the fill
occurs during compaction,

1.18.3 After Compaction

The condition of the fill after compaction shall be observed and re-
corded particularly with respect of rutting or weaving. However, the properties
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of materials after Compaction shall be determined brimarily by £ill density

tests. Routine tests on samples taken from constructed embankments shall in-
clude; besides density tests, grain size distribution atterberg limits, per-
meability, shear and consclidation characterists

1.18:4 Frequency of Testing

It will be necessary to carry out sampling and testing of materials
before and after compaction at sufficient frequencies so that effective checks
on the £ill operation is maintained. The testing frequencies propocsed should
correspond to the freduencies shown in Table-I., However, the actual frequen-
cies shall be adjusted to suit the nature and variability of materials Placed
and the rate of fill placement,

Testing shall be performed at higher rates than those given in Table-I,
during initial Stages of placing each zone in order to establish control and
testing techniques. Also testing shall be conducted at higher rates in case
of special problems of control caused by such factors as material variation,
equipment performance and of weather,

In addition, these tests shall be made:

(1) In areas where the degree of compaction, if doubtful.,

(2) In areas where embankment operations are concentrated,

(3} For "record" tests at the locations of all embedded instruments.

Locations of insufficient compaction shall cover the following or any
other areas so determined by the Executive Engineer,

(1) The junction between areas of mechanical tamping and rolled em-
bankment along abutments or cut off walls.

(2) Areas where rollers turn during rolling operations.
(3) Areas where too thick a layer is being compacted.
(4) Areas where improper water content exists in a material,

(5) Areas where less than specified number of roller passes were
made,

(6) Areas where dirt-clogged rollers are being used to compact the
materials.

(7) Areas where oversized rock which has been over-loocked is contained
in the £ill.

(8) Areas where materials have been placed when they contained minor
amounts of frost, or at nearly freezing temperatures.,
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(9) Areas that were compacted by rollers that have possibly lost part
of their ballast.

(10) Areas containing materials differing substantially from the
average,

1.18.5 Recoxrd and Reports

Record of borrow area materials and embankment placing operations be
maintained in order to have a continuous check on the suitability and avail-
ability 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 on the form specified in Annexure.

Annexure indicates, the criteria for control of compaction of dam em-
bankment,

1.18.6 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 con-
tain narrative accounts of the progress and problems of f£ill construction,
statistical analysis of test data and photographs of the fill operations.

1.79 MEASUREMENTS AND PAYMENTS OF EARTH-WORK ON DAM & CLAY BLANKETS

(a) The work shall be measured on the basis of cross sections. Initial

cross section for this will be the one taken after stripping and in accordance
with para 1.7.2.

The cross secticns for this will be taken at interval of 15 M (50 £t.)
or at closer distances as found necessary. The gross quantity of hearting,
casing, clay blanket etc., as the case may be will be based on these cross
sections in which alsoc will be indicated the separate zones of hearting,
casing, clay blanket, filter material, pitching etc., for facility of arriving
at the correct quantity of hearting, casing etc., that went into the embankment.

The lines demarcating the zones on the cross sections shall conform to
respective typical sections, except where departures from these are specifi-
cally permitted by the Engineer-in-Charge.

Running measurements for any subsequent bill will be the overall sec-
tional measurements minus the sectional running measurements upto the previous
bill and so on.

(b) Running measurements for clay core and shall material will be paid at
90% of the tendered rate upto 50% of the gquantity given in the schedule of
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quantities and bids. The quantities in excess of 50% and upto 75% will be paid
at 95% of the tendered rate. The quantities in excess of 75% will bé paid at
the full tendered rates on the total quantities arrived at on the cross sec-
tional areas as per sub-paragraph (a) above.

For clay blanket running measurements will be paid at 95% of the ten-
dered rate.

(c) Final measurements will be recorded on cross sectional basis. Founda-
tion plan with relevant cross sections of the dam showing dimensions and levels
shall be prepared and got signed by the contractor, in token of the acceptance
first before commencement of stripping and again after completion of stripping
of dam seat. The final measurements will be based on the accepted foundation

plan and relevant cross section and completed section of the dam at the time
of taking final cross section.

The guantities arrived at shall be paid at full tendered rate.

(d) The contractor shall be allowed to utilise the suitable material ob-
tained from the items of excavation such as stripping toe drains, cut off
trench, foundation etc., in the dam section free of cost., Overall section of
the components of the dam shall K be measured and paid at the tendered rates.
(e) Cross sections referred to in above sub-para will be taken after the
top most earth layer is duly compacted at optimum moisture content in accor-
dance with paras 1.13 of the specifications.

Any over section over and above stipulations in para 1 = 5 will be
ignored and not paid for. Similarly while making running payment suitable
deduction will also be made for loose, undressed, uncompacted material on the
slope.

(£) In order that proper compaction can be done upto the edge of the de-
signed section duly increased for settlement and shrinkage as stipulated above,
section will be further widened by 45 cm. (18 inches). Subsequently after com-
paction it will be dressed by trimming the slopes to the proper sections so
that the surface on the slopes is also as firm and compact as the top of the
embankment., Necessary extra quantities required to be handled for the purpose
shall not be paid for extra and is to be included in the rate of earth work
for the dam embankment, as already stipulated in para 1.16.

(g) Apart from the items described in the schedule of quantities, rate
payable for the item will also cover construction, maintenance and removal of
additional haul roads (other than those shown on the map which shall be main-
tained by the Department) and ramps, lighting of work areas during dumping and
compaction and removal of all roots, vegetations and other unsuitable and ob-
jectionable materials either at the borrow areas or at the embankment and un-
less there is ahything specified to the contrary. No separate payment for the
treatment to the foundation as described in para 1.6 if required shall be made
to the contractor. The rate of earthwork on dam (hearting & casing) shall in-
clude treatment of foundation, laying of layers in uniform thickness, removal
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of roots and vegetations, breaking clods and dressinrg watering andé compaction
with all leads and lifts.,

Payment of f£inal bill shall be made at the full tendered rate of earth-
work for clay core and shell material and clay blanket on the quantities worked
out as above.

1.20 ROCK TOE

1.20.1 The material for rock toe shall consist of the most durable rock frag-
ments of approved quality selected for this purpose. The quality of indivi-
dual rock fragments shall be dense, sound and resistant to abrasion and shall
be free from cracks, seams shale partings, conglomorate banks and other defects
that would tend to increase unduly their suspectability to destruction by water
and weathering action. The shape of the individual rock fragment shall be
angular, fragments having size less than 0.019 cum shall not be used.

The rock fill shall be placed in horizontal layers and properly hand
packed. The voids between the bigger stones after hand packing should be fil-
led with rock fragments of smaller size only in quantities enough to £ill up
the voids. The complete rock and fill shall be stable,

1.20.2 More of Measurement

The payment for rock will be on the basis of sectional measurements of
the work done and on the rate quoted per cum of the same in the schedule, The
rates shall be inclusive of all leads and lifts of all materials and of all
operations including laying hand packing wedging and finishing etc.

1.21 FILTERS
1.21.1 General

Where indicated in the drawings, filter blankets shall be laid on the
base under the down stream portion of the earth embankment. The number of
layers in the filter blankets and thickness of each layer shall be as specifi-
ed in the drawing. Filter shall pe placed and tamped into place in such a
manner that mixing of the filter with foundation of backfill materials
will not occur.

1.21,2 Filter Material

The filter material®shall consist of clean, sound and well graded sand
and gravel or well graded crusher broken aggregate. The material shall be free
from debris, brush wood, vegetable matter, decomposed rock and other deleterious
matter. The gradation of each filter layer shall meet the following require-
ments with respect to the material to be protected and also with respect to
the adjacent filter layers.

i) D-15 of the Filter - 5 to 40

D-15 of the base material
provided the filter does



not contain, more than
5 percent of material
finer than 0.074 mm
(Mo. 200 sieve).

(ii) D-15 of the filter - 5 or less

D-85 of base material

(iidi) The grain size curve of the filter should be roughly parallel to that
of the base material., In the above D-15 is the size at which 15 percent of the
total soil particles are smaller, the bercentage 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 followed, The finer filter is considered as the base material for
selection of the gradation of the coarser filter.

(iv) In order to prevent Seégregation and bridging of large particles/the
maximum/particles/sizes 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.
Mechanical analysis shall be performed on Samples, wnich have been com-
pacted by the methods equivalent to compaction by rollers so that individual
particles of decomposed rock are broken down to their real condition in the
embankment,

Following tentative gradation is-indicated for the graded gravel/ag-
gregate. It shall, however, have to be precisely determined by laboratory
tests so as to satisfy the filter criteria.

Sieve Size Percentage passing
80 mm 100
40 mm 97-56
25 mm 84-24
10 mm 64-8
4,75 mm 25~1

The materials brought by the contractor to the site shall be subjected
to the aforesaid tests in the laboratories at%khe broject 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.

1.21.3 Placing of Filter

The foundation shall be cleared stripped as specified in para 1:2 and
1:7 and S.C. largers of specified thickness as shown in the drawing shall be
laid wherever there is clay in the dam seat, before laying the base filter.
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The filter material (mixed gradation) shall be deposited in horizontal
layers of thickness not more than 15 cm (6") after compaction by approved type
of compactor.

The thickness of filter layer could be increased to 30.48 cm. (12") if
compaction is performed by treads of crawler type tractors, surface vibrators,
of similar equipment, Thickness of layers shall however not be more than the
penetrating depths of the vibrator if compaction is performed by internal vi-
brator. During or immediately prior to compaction, the material in each layer
shall be thoroughly wetted. The relative density of the compacted material
shall be not less than 70% as determined by the standard Bureau of Reclamation
relative density tests for cohesionless free draining soils.

The relative density may also be computed using the max. and min.
density as follows:

Dd = Yd max (¥d - ¥d Min,)
¥d (¥Yd max - Yd Min,)

x 100

Where Yd max. - Greatest dry density of soil as obtained by the
laboratory procedure described.

¥Yd Min, - Least dry density of soil as obtained by laboratory
procedure and

¥d - the dry density at which the soil is to be placed,
or the in place dry density,

The variation in thickness of each layer shall not exceed 50 mm
(2 inches) above or below the thickness specified in ‘the drawings. The other-
layers shall then be placed on top of first layer subject to the above provi-
sions. Care shall be taken to ensure that materials of different layers do
not get mixed at the time of placing or during compaction.

Extreme care shall be taken in placing materials in the filter zone as
to obtain a fill free from lenses, layers and streaks of aggregated materials.
After completion of the filter blanket, the earth fill material shall be
placed in 10 cms. (4") layers and tamped by hand at optimum moisture or com-
pacted by smooth rollers or power compactors as directed by Engineer-in-Charge.
Sheep foot rollers shall not be used till earth work has been laid and compac-=
ted to a thickness of 60 cms. (24") over the filter-blanket. However, the
compaction of the earth fill in the initial 60 cms (24") thickness shall be
subject to the same quality control regarding to moisture content and dry
density as per the rest of the embankment.

1.21.4 Measurement and Payment

Measurement and payment of filter blanket will be bazed on the cross—
section measurements at its tendered rates as stipulated in the schedule of
quantities and bids. The rate shall include shuttering required for vertical
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filter 8.C. layer, if provided shall be paid under the item of éasing or shell
layer. The rate shall be inclusive of all leads and lifts of materials, Wwa-
tering and compaction of the filter material shall be done by the contractor

and rate tendered for laying of filter shall include charges for Watering &
Compaction.

1.22 PROTECTION OF UPSTREAM SLOPE

1.22,1 .Upstream Slope Cutting

The compacted embankment, the slope of which has been Protected with
stone pitching shall be trimmed to the lines and slopes as prescribed in the
drawings or as directed by the Engineer-in-Charge from time to time. The
earth obtained from this trimming shall be laid on top of the embankment as
directed by the Engineer-in-Charge.

1.22.2 Thickness of Pitching

Pitching shall be hand placed on up stream slope of the dam embankment,
The thickness of pitching shall be as indicated in the drawings. The thick-
ness shall be measured normal to the slope of the embankment.

1.22.3 Material for Pitching

The pitching material shall consist of the most durable rock fragments
of approved quality selected for the purpose. The quality of individual ro
fragments shall be dense, sound and resistant to abrasion, and shall be f1.
from cracks, seams, shale partings, conglomorate bands and other defects tho!
would tend to increase unduly their susceptibility to destruction by water and
weathering action. The shape of the individual rock fragment shall be angular.
Stones having thickness less than 50% of their max. dimensions shall not be
used as pitching,

1.22.4 8Size of Stone

No stone shall be less than 0.021 cum (3/4 cu.ft.) in size. All stones
shall have depth equal to the thickness of pitching i.e. 45 cms. No stone
shall have any dimensions less than 20 cums.

1.22.5 Placing of Stones Pitching and Finishing

Pitching shall be placed alongwith the fill so that a minimum of break
down will occur during placing and spreading. As far as possible, level of
pitching shall at no time be lower than 3 M. below the top of earth worﬁ.
Efforts shall be made to break the joints as much as possible and fill the
voids with small stones. The stones shall be placed on edge with the broadest
base below and the larger dimension normal to the slope. Projecting corners
shall be knocked off with hammer so as to make a rough joint at the base, The
stones shall be carefully bounded in all directions and firmly set on the filter
bedding. The stones shall be packed with hammer or mallet, closed against each
other. After the stones have been Placed in position in this manner, the
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interstices shall be filled with well fitting stone chips/tightly driven home.
The general face slope of the pitching when complete, shall be as shown in the
drawings subject to the shrinkages allowed. No more than 10% of large stones
shall extend beyond the designed face slope. The maximum projection allowed
for such stones shall be 15 cms, A tolerance of 5 cms., below the designed
face slope shall be allowed only in case of small isolated patches.

1.22.6 Mode of Measurement Stone Pitching

The measurements for stone pitching on upstream slope will be on the
basis of the area of the finished surface of pitching and multiplying the same
by thickness of various layers of pitching. The rate shall provide for the
cost of quarrying and collection and laying of stones from the approved stones
quarries and shall include all leads and 1ifts. No payment will be made to
the contractor for compaction.

123 PROTECTION WQORKS

1.23.1 The face of the earth dam opposite the river and the side slopes (up-
stream & downstream) for some length beyond and the permanent pitching on the
upstream side slope shall have to be protected every year from floods. The
contractor shall have to submit his detailed proposal well in advance by 15th
March every year for providing the protection works, which may normally comp-
prise off any established river protection scheme for approval of the Chief
Engineer. These protection works will have to be completed at site by 31st
May every year failing which contractor shall be fully responsible for the
damages to the earth dam. Further, the contractor shall not be relieved of
his responsibility regarding adequacy of his proposal by virtue of the fact
that the same has been approved by the Chief Engineer and that he shall be
fully responsible for the damage that may take place on earth dam consequent
to improper functioning of the protection works/failure (partial or full) and
that he shall bear full cost of restoration of éarth dam.

The protection works shall have to be dismantled every year after mon-
soon before resuming the work.
1.23.,2 Payments

Intermediate payments of "Providing & dismantling of protection works"
shall be made as hereinafter provided subject to the condition that protection
work are executed during the various years of construction in accordance with
the approved proposal as required in the foregoing papras.

Payment for this item shall be made to the contractor as follows:

After 1st Monsoon 20% of the tendered amount

After 2nd Monsoon 40% of the tendered amount
After 3rd Monsoon 20% of the tendered amount

Balance 20% of the tendered amount will be paid after completion of the
total works.
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2.1 EXCAVATION AND PREPARATION OF FOUNDATIONS

24Ta1 Clearing Dam Site

The area to be occupied by the dam and appurtenant works, and other
structures including coffer dam, retaining walls etc. shall be cleared of all
trees, stumps, roots, bushes and other objectionable materials. Any useful
material such as wood, bamboos etc., arising from clearing and grubbing opera-
tors shall be stacked properly in a suitable place, as directed by the Engineer-
in-Charge and shall remain the property of the Government.

All waste materials, debris shall be either disposed of sufficiently
beyond the working area or burnt completely to ash. Care shall be taken in
burning to ensure that no damage results from burning operations.

Early in construction programme, before any of the work for the exca-
vation of the dam power plant or appurtenant etc. is taken all loose rock and
semi-detached rock in or close to the area to be excavated that is liable to
fall or otherwise endanger the workmen or the work, shall be stripped. Any
material not requiring removal as contemplated here in, but which may later
become loosened or unstable shall be propmptly and satisfactorily removed.
The methods employed shall be such as will not shatter or render unstable and
therefore unsafe any rock that was originally sound or safe.

Unless otherwise explicitly provided, the item of clearing as given
above, shall be deemed to have been included in the unit rates accepted under
the different items under Excavation. No separate payment, as such, shall be
made for the above items of work.

2.1.2 Classification.
All the material removed in the required excavation shall be measured

by block levels taken before commencement and after excavation and classified
under any one of the following groups.

(a) Over-burden excavation.
(b) Rock excavation.
a) Over-Burden Excavation

The over burden excavation shall include all types of earth, gravel,
moorum, moorum mixed with small boulders less than one metre in any direction,
in size or all such materials which require close application of picks, or
scarifiers and shovels to loosen the strate.

b) Rock Excavation

The rock excavation shall include all types of rock viz. soft, weather-
ed, disintegrated rock, sand rock, amygdaloidal basalt, hard rock etc. and
all boulders and loose rock which are more than one metre in any direction
and any such strate requiring blasting, or to be excavated by chiselling, wedg-
ing, barring and any other method.
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251 3.3 Excavation for Dam

Excavation shall be made to the full dimensions required and shall be
finished to the prescribed lines and grades in a workman like manner, except
that sharp points of undisturbed rock will be permitted to extend within the
prescribed lines not more than 15 cm.

The excavation shall be made to sufficient depth to secure foundation
on sound rock, free from weathered material, open seams or other objectionable
defects. After carrying out the excavation to the designed levels, boréholes,
shafts or test pits shall be put in at the location indicated by the Engineer-
in-Charge for inspection of the Geologists and Engineers to ensure that there
are no continuous shale or clay layers or weak substance within about 3 M. of
the base of the excavation near the toe of the dam. If such layers are tfound,
the foundation shall have to be taken deeper in places indicated by Engineer-
in-Charge and upto the levels indicated by him. All necessary precautions
shall be taken to preserve the rock below and beyond the lines of excavation
in the soundest possible condition. The explosives shall be in such quantity
and power and used in such locations as will neither open up seams nor crack
or damage the rock outside the prescribed limits of excavation. The firing
systems of blasts shall be controlled by the use of delay detonators. As
excavation approaches its final lines, the depth of holes for blasting and
amount of explosives used for hole shall be progr sively reduced. When-

gver further blasting is liable to disturb the rock upon or against which
concrete or masonry is to be placed, the use of explosives shall be disconti-

nued and the excavation completed by wedging, barring, chiselling, line drill-
ing and broaching or other suitable methods. No large scale blasting operation
will be allowed when the foundation excavation reaches last 0.6m and excavation
shall be done by other methods indicated above. No blastingshall be done
within 15M. of any permanent structure, Where blasting would create a hazard
to existing structure or installations, rock excavation shall be performed by
methods other than blasting. The general excavation will be to levels and
shapes shown in the relevant drawing. The foundation levels are based on in-
dication of preliminary borings and are subject to change as actual site condi-
tions warrant. Before starting concrete or masonry work as large area as possi-
ble should be exposed for inspection, lest near by section excavated later
should disclose that the former section should have been taken to lower depths.

Rules regarding carrying, preserving, handling and using the explosive
material shall be strictly followed in accordance with the provisions of Indian
Explosive Act and Explosives Rules 1940. Blasting should be carried out by
licence holder blaster so that stability, safety or quality of foundation is
not endangered. Blasting should not be carried out outside the blasting
limit or at time other than specified by the Engineer-in-charge.

2.1.4 Line Drilling for Rock Excavation

Where vertical or square faces or rock are required in portions of the
work, such faces of excavation shall be formed by line drilling and broaching.
The procedure will also be called for in case of excavation near structures
which have been built up and where excavation by ordinary drilling and blasting
methods is not desirable. The diameter and spacing of the holes for line drill-
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ing shall be subject tO approval. The spacing of the drill holes shall be
sufficiently close to ensure that rock will break along the desired lines.
No blasting will be permitted in the holes along the sides of the excava-=
tion but light blasting will be permitted in areas adjacent to the holes,
provided that where further blasting might injure the rock upon or ad jacent
to which concrete/masonry is to be placed, the use of explosives shall be
discontinued and excavation completed by wedging, barring or other suit-
able methods.

.

2:1:5 Final Excavation and Grading of Foundation

After completion of rough excavation of fqundation, cleaning and trimm=—
ing operations for the final removal of all slabby weathered, any drummy rock
and loosened mass shall be done by the chiselling, picking, wedging and barr-
ing. The final foundation surface shall present a rough out line to provide
added resistance to sliding and all smooth surfaces shall be roughened. The
final surface shall be freed from steep angles and sharp projections. Where
slopes are steep the rock shall be penched, the benches shall be given a down-
ward slope towards upstream of about 1 in 10.

The foundation surface after final excavation and grading of foundation
should be sounded by striking with hammer andportions which do not return a
solid ringing sould shall be chiselled out. Sprinkling the area with water will
indicate the joints in rock from the water lines which cling to the cleavages
after the area has partially drained up. Such portions shall be tested for
soundness and rectified where necessary.

The final preparation of foundation for placement of concrete/masonry
shall be as per specifications given at para 2.1.3 & 2147

2414 Backfill

Backfill is defined as excavation refill or embankment material which
is required to be placed under these specifications and which cannot be deposit-
ed around the structures until the structures or a part thereof are completed.
Backfill consisting of earh or rock bits shall be placed in such location as
are shown on the drawings or as directed. 211 backfill shall be carefully grad-
ed to lines and grades as shown in the drawings or as directed.

2551 57 Over Breakage and Pay Line

All excavation shall be done according to the lines, levels and dimen-
sions shown in the drawing. ALl overbreakage and excess excavation shall be
carefully avoided. The unit rate of excavation includes rate of filling of
over breakage and excess excavation which shall be filled by the material speci-
fied by the Engineer-in-Charge according to the location of the item and shall
also includes all connected operations of soil disposal like dressing, spread-
ing in layers etc. at the specified areas.
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In special situations, where excavation according to lines, levels and
dimensions shown in the drawing is not possible, the Engineer-in-Charge at his
discretion may permit excavation with maximum side slopes of 1/4:1 in case of
all rocks and 1:1 in case of overburden. In any case, no overbreakage, hori-
zontally at the designed level, or below design level shall be permitted.
 Wherever, the Engineer-in-Charge permits excavation according to the above pay
line, only the excavation shall be paid but the filling with the approved
material as directed by the Engineer-in-charge shall be done by the contractor

at his own cost and shall be deemed to have been included by the contractor in
the unit rate of item of excavation.

No payment shall be made for the work done beyond the specified pay
lines. Any or all excess excavation or over excavation carried out by the con-
tractor for any purpose or reason, shall, unless ordered in writing by the
Engineer-in-charge be at the expense of the contractor and if the unauthorised
excavation has to be filled with concrete or masonry, the extra concrete or
masonry so needed shall be carried out by the contractor at his own expenses,

i e 1 w8 Disposal of the Excavations

Before any excavations is started, the deposition of spoil shall be
carefully planned, so as not to obstruct traffice lines required for transport
of construction, materials and shall be dumped sufficiently clear of the edges
of excavation so as not to endanger stability of the slopes of the excavation
and also permit ample space for transways, lorry paths, installation of lift-
and pumping devices, staching construction materials etc.

The excavated materials shall be carefully sorted so as to separate
the materials useful for various works.

In case of rock excavation, materials suitable for use in the masonry
shall be particularly carefully sorted, cleared and then stached.

The waste materials shall be stached in spoil banks, in regular shape
with suitable slope and properly trimmed so as to present neat appearance.
The spoil banks shall be located in such a way that they will not interfere with
the natural flow of the river.

219 Silting of Foundation Pit Due to Flood

If the excavated foundation pit get silted due to intervening floods,
slips or any other cause, the contractor shall excavate and restore the foun=-
dation trenches to the required shape and dimensions without any extra cost
and the quantity will not be included in the payline.

2.1.10 Measurements and Payments
2.1.11 General

The price entered in the schedule for various items of excavation is
inclusive of all compensation for moblising, demoblising, supply of equipments,
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labour, supervision, cleaning of site, overbreaking done (without permission
of Engineer-in-charge) filling of over breakage by approved materials, clear—
ance of silt deposited and all incidential work except for any item specifica-
1ly exempted therefrom and for which in addition a specific payment item has
been included in the schedule under excavation and preparation of foundation.
Before commencement of works, levels shall be taken on Cross section situated
3 meters apart at right angles to the axis of dam. Levels on the cross sec-
tion shall be taken at an interval of 1 metre along the cross section. After
the completion of excavation in particular class of excavation, the levels on
initial cross-section shall again be taken at the interval of 1 metre along
the cross section.

These cross sections shall be taken and plotted in ink by the depart-
mental agency in presence of the contractor or his authorised agent, if he so
desires and shall be binding on the parties after they are signed, both by
the contractor and the Executive Engineer.

The net volume of over-burdens excavation shall be obtained after de-
ducting the volume of boulders classified as rock excavation and contained in
the line of over burden excavation. The rock excavation quantity shall also
include volume of boulder classified as rock in accordance with provisions of
section.

The volume of the boulders in the overburden excavations/rock excava-
tion shall be determined prior to the removal of the same.

Payment for various items of excavation shall be made on the basis of
unit price per cum entered for the particular item in the schedule.

22,0 Foundation Treatment

2. 251 Drilling

Drilling shall be required to be carried out in rock, concrete or ma-=
sonry for grouting, drainage and placing anchor bars for masonry dam and appur-
tenant work. Drilling shall be done by wet percussion methods. The drill
holes could be vertical, inclined or horizontal as per requirements of work
shown in the drawings or as directed by Executive Engineer. The size of drill
hole shall be varying from 47 mm diameter to 75 mm diameter as per drawings
or as directed by the Executive Engineer. The depth of drilling in rock may
extend upto 25 metres for individual holes. The contractor will not be entitled
to any compensation whatsoever nor any rebate recovered on the basis that holes
of a particular diameter, within the above range, have been got drilled in ex-
cess or otherwise.

20242 Where necessary as determined by the Executive Engineer, the drilling
and grouting shall be performed in successive a operations, consisting in each
case of drilling the hole to a limited depth, grouting at that depth, cleaning
out the grout hole by washing or other suitable means pbefore the grout in the
hole has set sufficiently to require redrilling, allowing the grout surrounding
the grout hole to attain its initial set all as determined by the Executive
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Engineer, drilling the hole to an additional depth, and then grouting and then
successively drilling and grouting the holes at various depths within the sta-
ges until the required depth of the hole is completely drilled and grouted .

2,23 Redrilling required, due to contractor's failure to clean out a hole
before grout has set, shall be rerformed at the contractors expense; but where
the grout has been allowed to set by directions of the Executive' Engineer, the
required redrilling will be paid at the rate of 50% of the schedule price for
the item in the schedule of work and bid.

2.2.4 Measurement & Payments

2.2.5 The price entered in the schedule for the work shall be all inclusive
constituting full compensation for mobilising, demobilising and supplying all
equipment, material, labour supervision and all incidental work except for any
item specifically exempted therefrom and for which in addition a specific pay-
ment item has been included in the schedule. No additional payment shall be
made for interrupting the drilling of holes to permit testing, washing or grout-
ing or on account of requirements for cleaning out holes before further dril-
ling. .

Dl B Measurements for drilling holes shall be made from surface of rock,
concrete or masonry from where the drilling is actually commenced upto the
depth actually drilled and duly washed but limited to the depths indicated in
the drawings or as initially approved by the Executive Engineer. Payment shall
be made at unit price entered for the respective item in the schedule.

2 =27 Grouting

The General Plan for the treatment of foundation rock provides for low
pressure blanket grouting immediately following excavation to be followed by
high pressure curtain grouting subsequent to the construction of the dam blocks
or as directed and providing drainage holes drilled subsequent to the high
pressure grouting. On the drawings the shallow holes are designated as 'B'
holes for low pressure and the deep grouting holes for high pressure grouting
as 'A' holes,

The low pressure grouting aims at improving the foundation conditions
by bonding together the jointed or shattered rock into more or less a monoli-
thic mass.It will be limited to the upstream third of the foundation and shall
be extended to other areas only if specifically directed. The high pressure
grouting aims at effecting a relatively water-tight seal across leaky zones
in the foundations, maximum possible drop in hydraulic gradient through the
curtain and reduction of uplift. The high pressure curtain grouting shall be
done from gallery floor of the dam into the foundation after a specified part
of the structure has been constructed.

The work of low pressure and high pressure grouting shall be governed
by the conditions encountered at site and shall include, but may not be limit-

ed to the following:-

i) Surface treatment like cleaning etc;
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i) Grouting test holes within the grouting area;

1ii) Casing of drill holes as required, drilling, washing and
testing as required by the conditions encountered at the
site of the grout holes and grouting the rock in the area
(both at low and high pressures);

iv) Installation and maintenance of special recording instruments
required for the work covered by this section.

v) Clean up of the grouted area.

During drilling, testing, and grouting operations, the rock surface in
the grout area and the surrounding ten metre strip shall be kept clean and free

of oil, grease, drill cuttings muck, grout cement, pozzolan, excess water or
any kind of waste.

All open drill holes cleaned-out faults, cavities and large cracks in
the bed rock and the drill holes in the concrete/masonry shall be protected at
all times during the progress of the work from becoming plugged or filled with
oil, grease, drill cutting, muck, grout, pozzolan, cement or any kind of waste.

2:2+:8 Grouting Programme and Details

i) Low pressure blanket grouting:

The low pressure blanket grouting will be through holes not less than

" 47 mm in diameter generally arranged on a 6 m X 6 m grid system to a depth
generally ranging between 8 m and 10 m. The requirements as to depth and
spacing of the holes as shown on the drawings are approximate and are subject

to revision during the work of drilling, testing and grouting. As the constru-
ction work progresses, the development of leakage or the condition of the sur-
rounding rock may indicate the parts of the foundation already covered with
concrete required to be grouted, in such event, holes shall be drilled through
the concrete masonry and the underlying or surrounding rock, and pipes for grout
connections shall be placed as directed. It may be necessary, after holes in

a region have been drilled and grouted, to drill additional holes. No allow=-
ance above the unit prices bid in the schedule will be made for drilling, grout-
ing of such holes or for the expense of moving equipment to other operations

and returning to a previously treated area.

id) High pressure curtain grouting:

The minimum diameter of the grout holes shall be not less than 47 mm at
approximately 3 metre spacing and to depth of 25 metres. The work of curtain
grouting shall not be started until all masonry/concrete required within a ra-
dius of 60 metre has been placed.

The actual number, spacing direction and depth of the holes, and the
pressures to be used for grout injection will depend ‘upon, besides the nature

of the rock as disclosed by the foundation excavation, the results of water
pressure, grout acceptance, and other tests and the results of the progressive
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grouting operation itself.

It may be necessary to drill and grout certain holes for foundation
grouting in successive operations consisting in each case, drilling of the
hole to a limited depth, grouting at that depth, cleaning out the grout holes
by washing or other means before the grout has sufficiently set to require re-
drilling, drilling the hole to an additional depth and then grouting the hole
in stages until the required depth of hole is completely drilled and grouted.
After each stage of grouting, the grout in the seams in the rock surrounding the
hole shall be allowed to attain its initial set, before proceeding with the
next stage of the drilling. The depth of each successive drilling, the grout
mixtures used, the pressure for each stage of grouting and other details of
the grouting procedure shall be as directed. The depth of each 'stage' is
anticipated to be from 4 to 6 m.

A primary series of holes about 8 to 12 metres apart (according to site
conditions) shall first be treated thus to a depth of atleast two stages (to
begin with) over a reasonable length of curtain which should be not less than
30 metres. A secondary series of holes spaced midway between the primary se-
ries shall then be treated to the same depth. Water tests shall be made on
the third series of holes midway between the primary and secondary series and
compared with those made on the treated holes prior to grout injection to de-
termine the efficiency of the previous injections. These holes may then be
used for grouting if they fail to pass the permeability requirements. When
tertiary holes are found to be generally satisfactory on test, there is no need
for these holes to be grouted though isolated holes may still require grouting.
If the majority of the tertiary holes require to be grouted a fourth series of
holes shall be drilled and tested and grouting continued if necessary.

It is essential that a short exploratory drilling, pressure testing and
grouting programme be performed early in the work which, together with the
first blanket grouting results and the detailed geology of the area, may indi-
cate the pattern of drilling and grouting to be adopted. If during drilling
of any grout hole the drill water is lost or a large artesian flow is encoun-
tered the drilling shall be stopped and the hole grouted before further drill-
ing is resumed. Upon completion of drilling of a hole it shall be temporarily
capped to prevent entry of foreign matter until grouting operations require it
to be opened. The holes shall be filled with cement slurry when they are no
longer required.

iii) "C" holes for grouting:

For additional safety against uplift, "A" holes will be supplemented
by a line of holes called 'C' holes drilled through gallery as shown in the
drawing. The depth of these holes and their spacing are approximately the
same as or 'A' holes. The supplementary grout curtain formed by grouting this
line of holes serves to reduce the hydrostatic uplift. Drilling and grouting
of these holes should be accomplished after drilling and grouting of the 'A!
holes of a second line of grout curtain. Stage grouting shall be adopted for
these "C" holes as in "A" holes.
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It may be found necessary after holes in a region have been drilled
and grouted to drill additional holes for treatment. No allowance above the
unit prices bid:in the schedule will be made for drilling or grouting of such

holes or for the expense of moving equipment to other operations and returning
to a previously treated area.

2. 2,9 wWashing of Holes

The washing shall either be Routine washing or special washing as
detailed below:-

a) Routine Washing

The washing out of loose material, silt, sand and clay from the seams
and fissures is important for proper grout injection and shall be carried out
as directed.

On completion of drilling of a hole and before water testing or grout-
ing of any stage of a hole is begun, the hole shall be washed under pressure
with water until the return water becomes clear and no drill cutting, rock,
cement or any other solid materials are found in the water. If it is found
that the hole can not be cleaned with water only under pressure even after a
reasonable length of time, it shall be washed with alternating jets of air and
water under pressure, injected through a hoge or a pipe lowered to the bottom
of the hole. Washing of holes shall be a routine part of all the drilling in
rock. The part time for routine washing shall be 30 minutes.

b) Special Washing

The result of routine washing may in many cases indicate that special
washing procedures are required in order to remove more extensive deposits of
loose or clayey materials from fissures, fractures oOr other zones intercepted
by the grout holes. When such a special washing is required at least the nea-—
rest two holes in advance of each such hole shall be completely drilled for the
same stage and the adjacent holes washed to facilitate flushing out of any in-
tervening clay or silt seams oOr fractures. All intersected rock seams and
creavices containing washable materials shall be washed with pumping of water
and into one hole blowing compressed air into adjacent hole. washing of holes
shall follow a pattern which will prevent deportion of washed out material in
other cleaned out portions of the foundation. Individual seams ip a hole, if
thick, shall be treated by using packers on either side of the seam. The
washing process shall be continued until the return water becomes clear and
no drill cutting rock fragments or other materials are found in .

3.2,10 PRipe Connections in Holes

i) Low-Pressure Grout Holes

As soon as the drilling of a pattern is completed and all holes washed
out properly, standard 40 mm or 60 mm black iron pipes of suitable lengths
shall be properly anchored into the drill hole with grout, mortar, lead wool




or other suitable material. The wupper ends of all the pipes shall

be threaded and a coupling installed for convenience in making grout con-
nections and the couplings fitted with a standard cost-iron plug which will be
screwed-in loosely to prevent the entrance of debris or other foreign material.
Where the conditions of rock permit grout hole connections may also be made
directly to the hole by means of a mechanical or pneumatic expander without

the use of embedded pipes.

ii) High-Pressure Grout Holes

Standard 80 mm black iron pipe and fittings shall be installed in the
foundation, concrete or masonry as shown on the drawings for drilling as well
as grout hole connections. The space between the pipes and the rock into which
they are inserted shall be carefully caulked with grout mortar, leadwool or
other suitable material to prevent entry of concrete or other materials prior
to grouting. The pipes and fittings that are embedded in concrete/masonry
shall be thoroughly cleaned and firmly held in position and protected from
damage while masonry/concrete is being built around them. The upper ends of
the pipes shall be threaded and a coupling installed for convenience in making
grout connections and the couplings fitted with standard cast iron plugs which
will be screwed in loosely to prevent the entrance of debris or other foreign
material,

2.2.11 Pressure Testing of Holes

During and after drilling of the holes, or during or after grouting of
the holes they shall be water-tested as required and directed. In all grout
holes when abnormal gain or loss of drill water is observed, the drilling shall
be discontinued, the hole water-pressure tested and grouted before proceeding
further with the drilling. If, during drilling, caving of the hole or jamm-
ing of the bit occurs or the drill rods falls suddenly as through as open ca-
vity the drilling shall be discontinued, the debris cleared, the affected por-
tion of the hole filled with thick cement slurry and drilling continued after
the slurry sets.

The procedure for water-pressure testing shall be as specified here
under:=~

If the hole is drilled to full depth the section of the hole to be
tested shall be isolated by sealing it off with double packers. If stage dril-
ling method is followed a single packer may be used to isolate the section to
be tested. Water shall then be pumped into test section under the pressure and
for the periods specified below in one continuous operation and leakage in
water observed.

Step No. Pressure Elapsed time (Minutes)l
1 1/3 P 5
2 2/3 P 5
3 ¢ 10
4 2/3 P 5
5 1/3 P 5
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Note:- The pressure P shall be determined based on the geological conditions
and on the depth ofdthe upper packer. This pressure is not expected
to exceed 15 Kg/Cm at the gauge.

After steps 4 and 5 the valve shall be closed and the pressure drop
observed and recorded for a minimum period of 3 minutes in each
instance.

The length of test section shall be measured parallel to the direction
of hole. Holes shall generally be tested in 2 to 3 metre sections. The pres-
sure testing apparatus shall be subject to periodic tests for accuracy and
satisfactory operation.

A desirable degree of impermeability is considered to exist when the
leakage obtained by applying a water test to any section of the holes drillgd
is less than one litre/metre/minute under a pressure equivalent to 10 Kg/Cm
at the'gauge point applied for a period of 10 minutes.

2.2.12 Grout Materials and Procedure

i) Materials
a) General

Grout for injection shall be composed of portland cement/pozzolan
cement and water. It is possible that in special cases, the addition of
sand , and calcium chloride or other mixture may also be required.

b) Cement

Cement shall, unless otherwise specified, be ordinary portland cement
conforming to the relevant clauses of the Indian Standard Specification IS-
269-1967 (3rd Revision) as revised from time to time or ordinary portland
pozzolan cement conforming to 1.S.1489-1976 of ammended from time to time.

Transportation units and storage bins for bulk cement shall be
weather—proof and shall be constructed so that there is no dead storage.

The Cement delivered in bags shall be transported under completely
weather-proof covers and stored in weather proof structures with adequate
provision #or the prevention of absorption of moisture and stored in a manner
permitting inspection and identification of each assignment. Stacking height
of bagged cement shall not exceed 10 feet.

Ceément that has been in storage for more than four months shall not
be used without specidl inspection, testing, and approval.

c) Sand

Coarse and fine sand sometimes reguired as filler in the grout shall
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conform to Standard Specification IS-383-1970 as revised from time to time,

d) Water

The water used for grout shall be clean and free from injurious amounts
of deleterious substances such as, but not limited to, silt, sewage, o0il,

acid, alkali, salts and organic matter,

1:4°) Grouting Procedure

a) General

The work shall in~lude the setting up of lines and eguipment and load-
ing, transporting, hardiing, mixing and injecting of the grout materials.

b) Plant

The grouting plant shall be capable of supplying, mixing stirring,
and pumping the grout as directed. The equipment used .shall be capable of
grouting through the full range of pressures upto 20 Kg/sz. It shall . be
kept 1in a satisfactory working condition at all times and any grout holes
lost or damaged due to mechanical failure of the grouting equipment or inade-
quacy of the grout supply shall be replaced by another hole immediately at the
cost of the contractor.

c) Procedure

In general, a single line grout system can be used but it may be re-
quired that a double-line circulating pumping system be used where the single
line system proves to be ineffective.

The grout system shall be flushed periodically with water to prewent
fouling. Any leakage shall be caulked satisfactorily to ensure full retention
of the grout at the maximum specified grouting pressure. Grout that cannot be
placed within one hour after mixing shall be wasted.

The initial grout consistency shall be geverned by the conditions dis-
closed in washing and pressure testing. It is customary to start with a thin
grout (water cement ratio by volume of say 10) and gradually thicken the grout
as the hole tightens. This procedure enables the grout to redch remote seams,at
the same time offering minimum disturbance to the natural formation. A mixture
of one part of cement to two parts of water is frequently adopted for the final
grouting but where the rock is loose a mixture hav1ng a water cement ratio of
0.5 by volume may have to be used.

In general, if pressure tests suggest a tight hole, grouting shall be
started with a“'thim mix. and if an open hole is indicated, it shall be start-
ed with a thicker mix. With the grout pump operating as nearly as possible
at constant speed, the water cement ratio shall be decreased, if necessary,
until the allowable pressure has been reached. If decreasing the water-cement
ratio does not produce the desired pressure, a sanded grout may have to be used
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and the mix varied to suit., If the pressure rises too high, the water-cement
ratio shall be increased or the sand-grout mix. changed or stopped as may be
necessary.

During the grouting of a hole adjacent ungrouted holes should be left
uncapped to facilitate escape of air and water. If grout flows from these
holes, an expanding type packer shall be set in these holes immediately above
the point of interconnection and the interconnected holes shall be washed
out when grouting is completed and before the grout has had time to set.

To relieve premature stoppage during grouting periodic applications
of water under pressure shall be made and sudden increases in pressure Ccr pump-
ing rates shall be avoided.

The pressure of grouting operations shall be performz=d in presence of
a responsible Engineer-in-charge of grouting. &After the grouting of any stage
of a side is finished, the pressure shall be maintained by means of a stop
cock and other devices until the grout has set to the extent that it will be
retained in the hole.

2.2.13 Grouting Pressures

Grouting pressures must be related to the depth of the stage of treat—
ment, the weight of any superimposed structure on the rock the extent and dip
of the stratification and the rate of acceptance of grout. Thr possibility of
uplift or disturbance of the rock strata increases with the pressure, but the
higher the pressure, the greater the benefit from the injection, particularly
where fine fissures have to be treated. High pressures are however, no sub-
stitute for a proper dilution of the grout. It is expected that in general .
grout pressures may go upto 5 Kg/CM2 in case of blanket grouting and 15 Kg/Cmi
in case of curtain grouting.

2.2.14 Extent of Grout Injection

The grouting should be continued on any hole unless prevented by leak-
age or otherwise directed, until at the limiting grouting pressure the grout
acceptance is less than 2 litres per minute averaged over a period of 10 minutes.
If the size and continuity of fracture is such that it is found impossible to
reach the required pressure after pumping a reasonable volume of grout at the
minimum workable water-cement ratio, the speed of pumping shall be reduced or
the pumping stopped temporarily and intermittent grouting performed, allowing
sufficient time between injections for the grout to stiffen. If this is not
successful, grouting shall be discontinued subject to approval. The hole shall
then be cleaned and the grout allowed to set. Additional drilling and grouting
shall then be done in this hole or in the adjacent area until the desired
resistance is built up.

After the grouting of hole is completed, the hole shall be washed free
of grout to the depth specified. If regrouting is required, it shall be done
in the same manner as specified above, and after completion the hole shall Big.
washed clean of grout to the specified depth. Regrouting shall be done not



sooner than 2 days after the initial grouting is completed. After a minimum
period of two days, after grouting or regrouting, the portion of the hole

washed free of grout, shall be packed with a 'dry' mixture of cement, sand
and water.

2.2.15 Foundation Displacement Indicators

The surface bed rock may be particularly sensitive to displacement due
to hydraulic pressures developed during pressure testing or grouting. Such
displacement shall be controlled with the aid of careful observations of
"Foundation displacement Indicators" specially installed for the purpose. For
this, 25 mm diameter pipes shall be anchored by grouting to the bottom of holes
drilled at specific locations indicated at site, 1.5 metre deeper than the
proposed grout holes. Above the anchorage the pipe shall be ercased in a 50mm
as-phalt-dipped fibre conduit and the hole filled up with lean mortar. An
iron yoke or bridge shall be anchored to the surrounding rock or masonry.
Measuring tips shall be set at the top of the pipe and on the underside of the
yoke. The gap between the tips shall be frequently measured during grouting
and pressure testing operations. For any progressive unheaval, greater than a
specified figure, the pressure shall be reduced and grouting operations conti-
nued thereafter. If necessary, the pressure shall be relieved (by allowing the
grout to flow out of the holes until the gauge shows that the settlement has
ceased) before continuing the operations.

2.2.16 Technical Field Records

Drilling, pressure washing, pressure testing and grouting records shall
be kept neatly, accurately and systematically as the work proceeds, The exact
location of all holes with reference to the axis and chainage along the dam
shall be recorded and an accurate log of all operations kept. Record maps and
sections shall be complete, showing all subsurface conditions as found and cor-
rected by grouting operations. The drill cores shall be suitably boxed and
referenced. These field records shall be kept always available for inspection
any time during the work period.

During drilling operations full records such as time of drilling per
metre or part lenygth colour of wash water, change of sound during drilling with
depth sudden fall of drill rod etc., shall be maintained.

All information regarding grouting actual amount of grout taken, effects,
observed in the surrounding holes or rock etc. may be kept under the following
heads as may be ordered by Engineer-in-charge.

1) Hole Number

2) Type of hole and methods of drilling indicating equipment used,

3) Position given X, Y, & Z coordinate from Dam axis.

4) Top level and depth, inclination and direction.

5) Date and time of commencement of drilling, and grouting.

6) Date of completion of drilling and grouting.



7] guantity of cement consumed.

8) Name of person on job during drilling, washing testing and
all operations.

9) Observation, during grouting concerning behaviour of holes
under air and water pressure, appearance of wash water,
quantity and proportion and retention of grout used, time and
and pressure of grouting, application and retention of grout
pressure, connection to and effect an adjacent holes, methods
of application of grout, stage grouting etc. & other condi-~
tions noted while drilling and grouting to enable compila-
tion of complete geophysical record of the foundation.

2.2.17 Measurement & Payment

il General

The prices entered in the Schedule for the various items of work and
materials, as described in this clause, shall constitute full compansation for
mobilising demobilising and supplying all equipment, material, labour, super-
vision, keeping technical records and all incidental work except for any item
specifically exempted therefrom and for which in addition a specific payment
item ‘has been included in the schedule. The procurement of water and the
connected arrangement for the same shall be the entire responsibility of the
contractor and he should not be entitled for any payment for the same. The
unit rate quoted for different items should cover the above expenditure.

il) Sand used in the grout shall be considered of incidential to the
work required under the section and its cost deemed to have been included in
the unit price for the item "pressure grouting with packers including cost of
cement" of the schedule.

iii) Connections to Holes

Pipes and pipe connections to holes actually used in the work required
under this section shall be made at the unit price per kilogramme: of the pipes
fittings and values given in bid for the item in the schedule and the unit
price shall cover all the brass, steel and cast iron pipes, valves and fittings
actually installed and left in place as directed. No additional allowance
above the unit price bid will be made on account of varying size, length or
number of pipes fittings and valves.

iv) Washing Operations

Measurement for payment for washing operations shall be determined
from the time the pump starts to inject water into the hole until the time
pumps is stopped. Payment shall be made at the unit price per hour entered in
the schedule and this unit price shall include payment for labour, material
equipment, such as special nozzles, packers and fittings, including any number
of settings in each hole, blowing in compressed air, and all other related
incidental work.
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v) Pressure Testing

Measurement for payment for pressure testing of holes shall be deter-
mined from the time the pump starts to inject water into the hole until the
time the pump is topped. Payment shall be made at the unit per hour entered
for this item in the Schedule and this unit price shall include payment for
labour,equipment, instrument maintenance, materials, tools, use of pipes and
Fittings and j.ackors,including any number of settings in each hole, and all
other related incidental work.

vi) Grouting

Measurement For payment for grouting shall be made on the basis of
weight of dry cement in the grout actually injected into all holes regardless
of the grout mixture used. No payment will be made for cement lost in grout
duc to improper anchorage of grout pipes or connections or rejected by Execu-
Ltive Engincer on account of improper mixing or lost by leakage due to failure
of contractor to caulk surface leaks when directed by Executive Engineer.

Payment for grouting shall be made at the unit price entered for this
item in the Schedule shall be inclusive constituting full compensation for
mobilising, demoblising and supplying all eguipment, all material labour super-
vision, keeping technical records and all incidental work except for any item
specifically cxempted therefrom and for which in addition, a specific payment
item has been included in the schedule.

vii) Foundation Displacement Indicators

Payment for supplying and installing the foundation displacement indi-
cators shall be made on the basis of the applicable unit pricé entered for the
respective item in the schedule and this unit price shall include payment for
drilling the holes, supplying pipes and fittings, dial and other gauges and
other miscellaneous metal work and materials required to construct the indica-
tors and all labour for installation of the gauges including anchoring, sealing
grouting, installing weather protection and maintaining recordors, and other
miscellanecus work required including the complete removal of indicators and
backfilling of the holes.

2.2.18 Drainage Systems

General
The dam and appurtenant works will be drained by system of drains, the
material and construction details of which will depend on the desired function-

al performance.

2..2.19 Foundation Drain for Dam

Drainage of the dam foundation shall be accomplished by drilling one
or more lines of holes from the foundation gallery within the structure or from
drift tunnels through previously installed black steel pipes 100 mm in diameter.
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Where no gallery is provided the drain holes may be drilled from upstream face
or from the top of some 1lift through previously installed pipes.

After drilling, the pipes shall be plugged at the top and seepage
water from the hole taken off at a Tee Connection in the pipe leading to a
collection heads or drain, care shall be taken to avoid closing of the drains
during the progress of the works and should any drain become closed or obs-~
tructed from any cause before final acceptance of the work, it shall be clear-
ed in a manner approved by the Executive Engineer beyond and at the cost of
the contractor.

If after, a given area is granted and drilled for drainage, it is found
necessary to drill and grant additional grant holes, the earlier drainage
holes may be opened by redrilling to secure perfect drainage.

The foundation drainage pipes shall be set and caulked into holes dril=
led to a depth not less than 150 mm. into the rock foundation and shall be held
securely in position while concrete is placed about them. The elevation of
the bottom of the drainage holes shall be higher than the bottom of an adja-
cent grant holes. Drainage holes shall not be drilled until all adjacent grant
holes within minimum distance of 45 metres have been drilled and granted,

2.2.20 Drain Pipes in Dam N

Internal drainage in Dam, for reducing the fore pressure inside the
body of dam, shall be accomplished by 200 mm dia drain holes formed in the
concrete of the dam at 3 metres centre to centre as shown in the drawings.
Particular care shall be taken to ensure that drain holes do not get closed
or obstructed during the progress of work. Top of the each vertical drain hole
or drainage pipe shall be sealed with standard C.I.Pipe and fittings. The
bottom of each vertical drain hole or pipe shall be connected to the foundation
gallery by standard pipe and elbows as shown in the drawings.

2.2.21 Metal Pipe Drains

Cost iron pipe drains shall be constructed as outlets for the spillways
drainage system connecting the drainage gallery and spillway drainage system
and also for the drains from the roadway gutters at spillway bridge and else-
where as shown in the drawings.

2,2.22 Open Drain
Open drains shall be constructed at places as shown in the drawing or
as directed by the Executive Engineer. The drains shall have sections as shown

in the drawings or as directed by the Executive Engineers.

2.2.23 Measurements & Payments

The prices entered in the schedule for the various works required for
Drainage System shall be all inclusive constituting full compensation for mobi-
lising demobilising and supplying all equipments, material, labour, supervision
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and all incidental work except for any item specifically exempted therefrom

and for which in addition, a specific payment item has been included in the
schedule.

Measurement for the various items of the work shall be in accordance
with the provisions in the relevant portions of the particular section and pay-
ments shall be at the unit price entered in the schedule for particular item
of work.

2:3 MATERIALS
2. 3. Stone

' The stone used for masonry shall be clean, hard, durable, tough and
free from decay, sandholes, weathered portions, adhering coating, veins flows,
cracks, soft seams, sharp corners and other defects. The stone shall be taken
only from approved quarries, Approval to quarry does not imply that the mater-
rial therefrom will be accepted if it fails to satisfy the requirements of
quality gradation and strength. The contractor shall not be entitled to any
compensation on account of failure of the quarry to supply required material
and contractor should do his own prospecting. The stone shall be roughly cubi-
cdl in shape and no stone weighing®75 kg. and 150 kg shall be less than 25 cm.
in any directions, spawls between 10 cm. to 20 cm. shall be used to wedge into
thick mortar spaces. No individual stone for use in masonry shall be less than
0.016 cum, in size. The crushing strength in unconfined compression test shall
not be less than .....Kg/Cm2 (500 tons/sqg.ft.) when tested on in any plane.

The percentage of water absorption shall not be more than 1% to 3% of its own
dry weight, after 24 hours submersion in water.

2.3.1.1 Face Stone

The stone for face work shall be 28.5 cm in height and not less than
30.5 cm in depth and no stone shall be:less than 30.5 cm in length. At least
50% of the stones shall be more than 53 cm in length. Bond stones used in face
work shall be at least 61 cm in depth.

Quoin stones shall be of the same height as the face stones and shall
be true and rectangular on two faces with their beds and joints one line chisel
dressed upto 75 mm depth from the faces. The stones shall be at least 30.5 cm
in length on one face and 45.7cm in length on the other face.

The bushing shall not be more than 38 mm and spawls shall not be more
than 10% of the stones.

The face stones for masonry dam will be hammer dressed on face and one
line chisel dressed on bed, top and sides for a minimum depth of 75 mm from
front facé.Beyond depth of the 75 mm, the stone may taper, but the tail end
of the stone at the minimum length specified as here under shall have at least
half the area of the face comprising of:-

a) Stretcher size 53.5 cm x 28.5 cm x 32.5 cm depth.
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b) Header size 30.5 cm. x 28.5 cm x 61 to 45.7 cm depth.

c) Bond stone 30.5 cm x 28.5 em x 71.2 to 61 cm depth. 10% of
face stones should be bond stones.

2.3.1.2 Rubble

The rubble shall be clean, hard, durable and tough and shall be free
from decay, sand holes, weathered portion adhering coatings, veins, flows,
cracks, soft seams, sharp corners, and other defect, The rubble shall be
hard, as far as possible of uniform colour, texture and shall be quarried from
approved quarry. Minimum size of rubble will be 0.016 cum and maximum size
zize 0.06 cum,

10% of chips with size 0.001 to 0.01 cum is allowable in the collection of
the rubble.

2.3.2 sand
a) General

The sand for mortar, concrete and grout shall be natural sand or cru-
shed sand or a mixture of natural sand and crushed sand. The maximum size of
particle being limited to § mm for mortar and concrete.

b) Quality

It shall consist of hard, dense, durable uncoated rock fragments and
shall conform to the relevant specifications under I.5.s. 383-1970. It shall
be free from injurious amounts of dust, lumps of soft or flaky particles,
shale alkali, loam, mica and other deleterious substances, The amount of
deleterious substances shall not exceed the percentages given below:-

Deleterious Substance Percentage by
‘ Weight
Shale 1.00
Coal and ligﬁite 1.00
Cinders and clinkers 0.50
Clay lumps and sand stones 1.00
Alkali, mica and coated grain 2.00
Materials passing I.S. Sieve - 8, 3.00

The sum of the Peércentage of all deleterious substances shall not
exceed 5,00%.

The sand shall also be sound and free from injurious amounts of organic
impurities, The methods of testing for sand as specified in I.S.I.2386-1963
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c) Grading:

The sand as batched, shall be well graded within the limits specified
below unless any other alternative grading is approved by the Engineer-in-
charge.

I.5: Sieve i Percentage Passing
Designation } Natural Sand ] Manufactured Sand
480 95 to 100 95 to 100
240 80 to 95 75 to 90
120 45 to 80 50 to 70
60 30 to 45 30 to SO
30 5 te 30 15 €6 30
15 1 to 5 8 to 13

The grading of the sand sahll be so controlled that the finenessmodulin
of at least 9 out of 10 consecutive test samples of finished sand, when samples
are taken hourly, will not very more than 0.20 from the average fineness modu-
lus of the 10 test samples. For using of wet-sand necessary bulkage allowance
will be made.

233 Cement

Cement shall unless otherwise specified conform to the Indian Standard
Specification 1.s. 269-1976 (3rd Revision) as amended from time to time. The
cement shall be free from lumps. Any cement which is found to contain lumps or
foreign material of natures and in amounts detrimental to the results of the
work, shall be rejected. Handling facilities shall be so arranged that 'no
cement shall be kept in storage for more than 120 days. Storage bins for bulk
cement shall be water tight and shall be s0 constructed that there will be no
dead storage.

2.3.4 Water

The water used in concrete mortar and grout shall be clean, free from
injurious amounts of silt, organic matter, alkali salts and other impurities

and in conformity with para 4.3 I.S. 456~-1978.
2.3.5 Puzzolana

Puzzolana will consist of surkhi or other approved puzgolanic material
Surkhi, shall be prepared from clay of approved quality. The temperature of
calcination and fineness shall be such as to yield optimum results and shall be
based on laboratory investigation. The fineness of surkhi shall be such that
after sieving through an I.S. test sieve No. 9, it shall not leave a residue
more than 10% by weight. The above fineness shall be adhered to unless the tests
for the compressive strength of the red cement mortar (20% cement replaced by



surkhi by weight) indicate that surkhi with lesser fineness could be adopted.
The surkhi shall be free from admixture of any foreign matter and shall conform
to the specifications under I.S.S. 1344-1968.

2e3.6 Air Entraining Agents

Tf desired, suitable A.EA which will be supplied by the department,
shall be used to improve the quality and work-ability of the mortar. The amount
of A.E.A used shall be such as will effect the entrainment of not more than 12%
of air by volume of mortar. The exact proportions of air entrainment shall be
determined by actual tests.

2347 Coarse Aggregate

i) General

The term coarse aggregate is used to designate aggregate ranging in
size from 4.75 mm to 150mm. The coarse aggregate for concrete shall consist
of crushed rock or natural gravel or a mixture of crushed rock and natural
gravel well graded and blended uniformly.

2) Quality @

The coarse aggregate shall consist of uncoated hard, strong, denge and
durable rock fragments and free from injurious amounts of disintegrated stones,

soft stones, flaky or elongated particles, slat, alkali, vegetable and other
deleterious substance.

The percentage of deleterious substance in any size range of coarse
aggregate as delivered to the mixer shall not exceed the following values:-

Deleterious Substances Percentage Limits by Weight
Natural Crushed
Aggregate : Aggregate

Coal & lignite 1::00 1.00

Clay lumps 0.50 0.50

Material finer than I.5. Sieve-8 2,00 1.00

Soft friable, elongated piece and 2.00 2.00

other deleterious substance

The total percentage of deleterious substances shall not exceed 3 per-
cent by weight. The coarse aggregate shall also conform to the requirements
for abrasion and soundness specified under ISS 383-1970 and ISS 515-1959.

The methods of tests for coarse: aggregate as specified in I.S.S. 2386-1963
shall apply. '

3) For the purpose of getting good blending of aggregate to produce
a dense concrete of specified strength and desired workability, the required
percentage will be determined in laboratory after conducting necessary tests.



Following percentages are given as a guide:-

Maximum Percentage of coarse aggregate fractions
size aggregate (Clean separation )
in concrete, Cobbles Coarse Medium Fine gravel
in mm. 80mm to gravel gravel 5 mm 10 mm 5 mm to
150 mm. 40mm to 20 mm to (No.4) to to 10 mm.
80mm. 40 mm 20 mm 20 mm
i 2 3 4 5 6 ' 7
20mm o o 4 [P 1004w 55 to 73 27 to 45
40mm ) i [P Os.ai © 40 to 55 45 to 60 30 to 35 15 to 25
80mm 05 2.m 20 to 40 20 to 40 25 to 40 15 to 25 10 to 15
150mm 20 to 35 20 to 32 20 to 30 20 to 35 12 to 20 8 to 15
2.4 MASONRY

2.4.1 General

Stone shall be clean and free from dust to ensure good bond with mortar
and shall be wetted before being placed and the masonry shall be kept wet for
at least 21 days after being built and at no time or on no account shall be
allowed to be dry in this period. Should the mortar deteriorate for want of
curing, the masonry shall be pulled down and rebuilt with fresh materials. On
completion of work, all masonry shall be washed clean of all stains, The struc-
tures shall be built true to line plumb, curved or battered as may be required
to meet design requirements and shall be carried out in a workman like manner.
Suitable aids like templets, scaffolding etc. shall be used.

Care shall be taken to see that the masonry has proper quantity of mor-
tar as prescribed in the detailed specifications mentioned here-in-after and
provided in the tender documents. The joints shall be the minimum possible
and chips shall be used to minimise mortar requirements in thick joints. If
stones, once placed are to be re-adjusted, they shall be lifted clean and re-
set, they shall not be moved one over the other.

2.4,2 Mortar
2.4.2.1 General

The red cement mortar shall consist of cement and sand each complying
with its respective specifications and the proportions of the mix for the dif-
ferent locations shall be as detailed later. Red cement shall consist of cement:

and surkhi in four parts of cement to one part of surkhi or other puzzolana
both by weight and each complying with its respective specifications.
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2.4,2.2 Mixing

The mortar shall be mixed in a mixer preferably tilting drum type.
The following general principles shall be followed:-—

1 The ingredients should be fed into the mixer simultaneously
and in such a manner that the period of flow of each ingredient
into the mixer is about the same.

2) A portion of water 5% to 10% should precede and remaining
quantity should follow the introduction of other ingredients.
The remaining of the water should be added uniformly and
simultaneously with other ingredients.

3) The use of the same mixer for mixing different proportions of
mortar consecutively should be avoided. The first batch of
mortar at the commencement of the day's work should be made richer
by adding 25 kg. of cement extra over and above that required

» for the particular mix.

2.4.2.3 Test for Uniformity of Mixing

The throughness of mixing and adequacy of mixing time so as to give a
uniform mortar shall be tested at the start of the job and at such intervals
as may be considered necessary. "For any one batch, the difference between
unit weights of air-free mortar in samples taken from the front and end of
the mixer on mix discharge, when determined in accordance the provisions of
mixer performance test, designation-26 in the appendix of VII edition of
United States Bureau of Reclamation concrete manual, shall not exceed 1.6 per
cent of the mean value.

2.4,2.,4 Mixing Time
The minimum time generally specified is as follows: -

The timing to start after all ingredients, except the last portion
of the water, are in mixer:-

Capacity of mixer (cubic meters) Time of Mixing
(Minutes)
2 or less 1%
3 ) 2
4 2%
5 2%
6 3

Overmixing is objectionable because the grinding action increase
finds, which require more water to maintain consistency of mortar. Also over-
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mixing may drive out entrained air. The mixing time shall be increased beyond
the figures given above is mixing operations fail to produce a uniformly consis-
tent guality of mortar. The time, however, should not exceed 3 times the number
of minutes given in the tabulation. There will be no increase in rate on this
account. Mixing eguipment should be so designed that mixing can be discon-
tinued and resumed with a full load in the mixer.

2.4.2.5 Strengths
The compressive g days strength of the red cement mortar used shall be
as given below:-
;o . 2
Minimum Compr. strength at the end of 28 days in Kg/Cm .

2
Rich Red Cement Mortar: 1:3 - 140Kg/cm

Lean Red Cement Mortar 1:4 105Kg/cm2
1:5 80Kg/cm2

Tests for compressive strength of mortar shall be in accordance with
the procedure laid down in the Indian Standard Specifications 1.5.2250 - Appen-
dix-A as amended from time to time.

A minimum of three test specimens shall be made for each 120 cum. of
each class of mortar for a given age, There shall be at least three test speci-
mens of mortar for each day of masonry work even if only a few cubic metres of
the particular mortar is manufactured in a day.

The tests shall satisfy the following criteria:-—

i) The average strength of any three consecutive sample strength
shall be greater than the specified strength.

ii) The overall co-efficient of variation for any ten consecutive
sample strength shall be less than 0.15.

iii) Not more than 10% of the specimen strength shall be less than 85%
of the specified strength.

Additional tests shall be carried out as and when directed, prelimi-
nary tests for mortar should, however, be carried out well in advance in the
laboratory prior to commencement of the work. The test should indicate 20%
more strength than that of similar on the field as specified in para 2.4.2.5,

2.4.2.6 Mix Proportions

Following proportions of mortar mix are given as a rough guide only.
Exact proportions for the red cement and Sand shall be fixed after conducting

tests for compressive strength.
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Type of Mortar Proportion of Red Cement : Sand
Rich Red Cement Mortar 1 3 3
Lean Red Cement Mortar 1 : 44, T 28
Mortar
The approximate quantity of cement Fequired per cum.  for different

types of mortar is given below as a guide for purposes G6f tendering for the
masonry items. The work of preparing mortar for masonry shall however be

‘one by weigh batching and required strength and other specifications as pres-
cribed will have to be achieved by the contractor, The exact mix will be
determined by the laboratory tests.

Statement showing cement gequired per cum. of mortar

Sl. Type Mix Approximate Cement
No. content.

1. Rich cC.M. (140 Kg/cmZ) 1 2 B 435 Kg.

2. Lean C.M. (105 Kq/cmz) 1 4 375 Kg.

3. Lean C.M. (80 Kg/cmz) 1 5 284 Kg.

1. Rich Red C.M. 1 3 348 Kg.

2. Lean Red C.M. 1 4 300 Kg.

3. Lean Red C.M. 1 £ 5 227 Kg.

Whenever red cement mortar is specified 20% of cement is
replaced by Surkhi.

The quantity of mortar in 100 cum. of masonry shall notexceed
following limits:-

i) Face stone masonry & Coursed Rubble Masonry -- Upto 33 cum.

ii) Uncoursed Rubble Masonry -— Upto 45 cum.

2.4.2.7 Type of Mortar for Different Locations

The type of mortar to be used will be as follows:-

1) Non-Overflow:

a) Front and if considered necessary rear impervious face of
prescribed width, Rich red cement mortar with average comp-
ressive strength after Z8 days ot 140 Kg/cm
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b} In the hearting portion lzan red cement mortar with average
compressive strength at 28 days of 105 Kg/cm2

2) Spillway

a) 1In the upstream face of prescribed width rich red cemeht mor-
tar, with average compressive strength after 28 days of 140 Kg/

2
cmo .

b) In the hearting portion lean red cement mortar with average
compressive strength at 28 days of 105 Kg/cm®.

2B Final Preparation of Foundation for Placing Masonry

Final preparation of the foundation detailed below shall be so phased
that it is covered by concrete and or masonry promptly, without loss of time,
so that deterioration is not allowed to occur after the foundations are passed
by the competent authority. If, for any reason, the construction is delayed,
the area shall be examined thoroughly for cracks and defects, if any, and
rectified as directed by the Engineer-in-charge. The contractor shall have no
claims whatsoever, for the extra work involved for remeoval of such defects.

Just prior to starting of masonry work the foundation shall be thoroughly
cleaned of all loose particles, dirt, oil or grease by use of stiff brooms,
jets of water, air or wet sand under pressure and followed by through wash-
ing. The washing and scrubbing process shall be continued until the water
collecting in pocls is Clear and free from dirt.

In the final c¢leaning process the wash water may be removed by sponges
If anv drilled holes are left in the foundation surface which are no longer
needed, the holes shall ke cleaned with water and air jets and shall be filled
up, complately with cement slurry, The foundation shall then be kept moisten--
ed for 24 hours. Immediately preceeding the placement operation, the cleaned
surface =hall be coated with thin layer of cement slurry (comprising one
cement to two thirds water by volume). The slurry shall be spread only on a
small area of about 0.4 to 0.6 sq.m. at a time and the layer of concrete
(which has to follow) tchall be spread immediately thereafter but in no case
later than 5 minutes aft.s the slurry coat is given, in order to avoid stiffen-
ing-up of the cement slur:y which may prevent satisfactory bonding. The layer
of concrete shall be spread over the slurry and worked into all the irregulari-
ties of the rock surface. The concrete shall conform to class A - 1 of classi-
fication given oun para 7.5.Z2. The stones of the first course of masonry shall
be carefully pressed into the concrete so as Lo force the concrete around the
corners.

Water from any = ring or leakage through the coffer dams shall be kept
out off from th: founda® nn area and from any masonry till the later has set.
Where pumping is resorlhe. to, care shall be taken to see that it does not lead
to disturbance of work oirvcady carried out.



sy B | Classification of Masonry

a) The rubble shall conform to the specification vide para 2.3.1.2.
stones received from the quarry shall be used without any dressing
except knocking off weak and sharp corners. They shall be set in the
work on their natural flat bed brvakins joints. No joints shall be
thicker than 35 mm, nor shall it be less than 12 mm thickness.

2.4.4.2 Face Stone Masonry

The front face work in both spillway and non overflow sections will
consist of true and rectangular face stones conforming to specification vide
para 2.3.1.1. The work shall be in courses of 30.5 cm. thickness and normal
to the face better. The joints shall not be thicker than 12.5 mm. The ma-
sonry shall be built in header and stretcher fashion, joints shall break in
courses above and below generally by atleast half the height of the course.
Bond stones of 61 cm or greater length shall be used and every 10th stone shall
be a bond stone, except where the header stones themselves tail into by more
than 61 cm. The bond stones shall be staggered and marked for identification.
The Random Rubble Masonry in he=arting shall be carried on simultaneously with
the face work The face work shall be struck neatly and finished as specified
in para 2.4.8.

For payment purposes the average thickness of the face stone masonry
shall be taken as 0.5m.

2.4.4.3 Coursed Rubble Masonry

Cotirsed Rubble Masonry shall be of selected stones conforming to speci-
fications vide para 2.3.1.1. except that only hammer dressing shall be done.
The work shall be in parallel courses of 30.3 cm thickness. The joints shall
not be thicker than 20 mm. The masonry shall be built in header and stretcher
fashion and joints shall break in courses above and below generally by atleast
half the height of the course. Bond stoncs of €1 om or greater length shall
be used and every 10th stone shall ke a bond stone sxcept where the header
stones themselves tail into by more than &l cm. The bond stones shall be stag-
gered and marked for indentification. The Rarndom Fubble Masonry in heavting
shall be carried on simultaneously with the face work, shall be struck neatly
and finished as specified in para 2.4.8.

For payment purposes the average thickness of the face stone masonry
shall be taken as 0.5m.



2.4.,5 Location for Use of Different Types of Masonry
The locations for use of aifferent types of masonary in the dam and
appurtenant works shall bs as below: -

S1. I Location I Type of | Classification I Nominal I Remarks
No. | ; I Masonry 1} Type oflIMinimum I Mix, 1
I 1 Mortar JCompre- 1 |
i 1 Issive | |
I | Istrength I I
I I lof mortar i I
1 2 i 3 I 4 i 5 1 & | Y
1. 0.50m (Thickness) Face stone Rich 140Kg/cm2 153
in front face of Masonry
overflow and non- consisting p—
over flow of face of 'ﬁgiizz
sections stone with
one line
chisel dre-
ssed stones
in width of
75 mm on all
4 sides.
2. 2.0m (Thickness) Random Rich 140Kg/cm2 123
in front of face Rubble red
of spillway and Masonry. cement
Non-overflow sec- Mortar
tion at back of
face work U/s.
3. 1.0m depth at Random Rich 140Kg/cm2 Tis3
foundation for Rubble red
the full sec- Masonry. cement
tion of dam except mortar.
area covered by items '
1&4 in both Non-over
flow and overflow
sections.
2
4. 0.5m (Thickness) Coursed Rich 140Kg/cm 123
in rear face of Rubble red
non-overflow Masonry cement
dam. mortar
2
5. 1.0m (Thickness) Random Rich 140Kg/cm 1z 3
in rear face of Rubble red
non-overflow at Masonry, cement
the back of face mortar |
work D/s. :
t
;
50 i




11 2 i 3 14 |k 5 1 e 1 7

Hearting both spi- Random Lean L, ARLY
llway & Non over- Rubble red 105Kg/cm
flow (except the Masonry cement
depth of founda- mortar
tion covered by
item 3).
. : 2 143 According to
7. 0.5m (?hlckness) Coursed Rich 140Kg/cm o Eicfl e
one side of.con— Rubble red o s Hiasm
traction joint. Masonry cement 2.3 & 5.
mortar 5 ’
Lean 105Kg/cm 1:4
red
cement
mortar.
H 8. _In Training Walls.
i) 0.5m (Thickness) Coursed Rich red140Kg/cm2 123
at front face of Rubble cement
Training wall. Masonry mortar
ii) 1.0m (Thickness)Random Rich red140Kg/cm2 =3
at the back of rubble cement
face work masonry mortar.
iii) In hearting and Random Lean 80Kg/cm2 Vi
rear face rubble red
masonry cement
mortar

Note: The locations of the different types masonry specified here are typi-
cal of a specific project and shall need modification to ‘suit design
criteria adopted elsewhere.

2.4.6 Wo:iir.manship

The following shall be observed to ensure quality of workmanship: -

) Clean the old masonry surface prior to starting masonry on ity oy
wet sand balsting and washing. Chipping should be resorted only
in extreme cases.

2) Do not place mortar which bleeds excessively.

3) Throughly and efficiently broom into the old surface a layer of
mortar and build masonry on it immediately.
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4)

7)

8)

9)

10)

T4.)

Shake the mortar well by vibrating the stones by hand bar to
ensure that the excess mortar, water and the entrapped air comes
out and are not trapped at the bottom before driving in chips.
The stones shall then be hammered down by a wooden mallet, 4.5 Kg
to 5.4 Kg in weight and pressed towards the adjacent stone at the
same time without touching it.

Inadequate supply of spalls in different sizes would lead to ex-
cessive use of mortar.

Avoid under-pinning after a stone is laid as it tends to lift the
stone and leave air pockets.

Avoid putting chips in the intervening space between stones before
fi1lling with mortar and shaking it to full depth to a thick
quaky mass.

Avoid putting flat chips at top as these tend to get dislogded
easily and in effect levels up the surface also. Drive in all
the chips on ends only which will further squeeze and completely
fill the mortar at the joints. The thickness of joints should
not exceed 38 mm in case of random rubble masonry, 20 mm in case
of hammer dressed masonry and 12.5mm for chisel dressed stone
masonry.

Keep the masonry surface as rough as possible to secure good
bond between successive layers.

After the masonry is done once do not permit it to be disturbed
until it has attained sufficient strength to with stand traffic
and omit the initial clean surface before the final set is attain-
ed. Hammering or breaking of stones on fresh masonry shall not
be permitted.

Wire brush the masonry surface after the mortar has set finally,
i.e. after 8 to 12 hours, to remove all laitence, excess mortar,
etc. Too much delay in cleaning may lead to difficulty and in-
sufficient cleaning, unless carefully and persistently insisted
on.

Work shall be so distributed that fresh layers of masonry are
started every alternate day.

Green work shall be protected from rains by suitably covering the
same. Masonry in cement mortar or composite mortar shall be kept
constantly moistor all faces for a period of not less than 21 days.
In cas= of fat lime mortar (with or without puzzolana) the curing
shall commencs two days after laying of masonry and shall continue
for 21 days.



14) In the case of long stoppage of work L. = section construct!
joints about 2 m wide and 0.6 m deep may be left in the surfac
of lower section while building so as to provide for a cut ouf
and serve as an additional bond or key between top and bottom
sections. While starting the masonry of the top sections, work
shall be started first in these pits.

15) The mortar shall be used before it has lost the required work-
ability. Use of hardened mortar by retempering with addition of

water shall net be jermitted.

2.4, 7 Permeability Tests of Masonry

To ensure uniform standard of imperviousness, permeability test
on the mortar shall be carried out frequently on specimens, 100mm diameter
and 50 mm high or smililar size prepared from mortar as used on work and the
test shall not give a coefficient of permeability greater than:

. 2
1) Rich red cement mortar : 7.5 x 10 cm/yr.

2
2) Lean red cement mortar :15 x 107 ecm/yr.

All test holes 70 mm dia. 3.66 m to 6.1m. deep shall be core-drilled
in the finished masonry and leakage observed. These test holes shall be in twn
rows, one row within 2.5m from the upstream face of the dam and the second at
about a third of the rest of the width of the dam and shall be done in such
blocks as directed by Engineer-in-Charge after a minimum of 21 days hearden-
ing. The impermeability should be such as to restrict the leakage to 0.49-
litres per minute per sgm. and 2.45 litres per minute per sgm. of drill hole
in masonry for the upstream and downstream areas respectively at a pressure |
1% times the head at the bottom level of hole under test. If the leakage
exceeds, systematic drilling and grouting shall be carried out to achieve the
required degree of permeability. The cost of such remedial drilling and grou-
ting shall be borne by the contractor. The cost of drilling and conducting
permeability tests will however be borne by the department, provided that the
test holes satisfy the standards of impermeability.

In any portion of masonry is found to be weak or defective in construc-
tion it shall be removed and rebuilt by the contractor without extra cost.

2.4.8 Finish

2.4.8.1 Upstream Face Finish

The upstream face shall be flush pointed by dry pack method. The
joints shall be racked square for atleast 60 mm depth when mortar is not quite
set. Before pointing, the joints shall be cleaned free of all dirt and wetted
water under pressure. The mortar for pointing shall be neither too wet not
dry but shall have the consistency to sticx together on being pressed into a
ball by pressure of hands without expelling any water.



. When the joint is completely filled, the mortar shall be rubbed hard
with a trowel and finished convex. The edge shall then be smooth finished
with a wet brush. Only as much quantity of mortar should be mixed at a time |

as can be used within 15 minutes. The sand for pointing may be graded as
follows:-

Passing 72 meshes to 25 mm - 25 to 30 percent.
Passing 25 meshes to 25 mm - 50 to 60 percent.

Passing 6 meshes to 25 mm - 100 percent,

The work pointed shall be kept moist for atleast 21 days after pointing
is completed.

2.4.8.2 Downstream Face Finish

In the non overflow section, the joints are to be neatly struck and
smoothened off.

2.4.8.3 Curing

specirication of curing as given on page for concrete shall also be -=
applicasle to masonry work.

2.4.9 Measurement & Pavment of Masonry

The prices entered in the schedule for the incorporation of various
classes of the masonry required by the section shall be all inclusive constitu-
ting full compensation for mobilising, demobilising and supplying all equipment
material, labour, supervision and all incidential work including cement slurry
with cost of cement except for any item specifically exempted therefrom and
for which, in addition a specific payment item has been included in the
schedule.

Except as otherwise specifically provided in these specifications mea-
surements of masonry for payment will be made only to the neat lines of the
structures as shown on the drawings or as established by Engineer-in-Charge
and on the basis of the thickness shown in the drawings.Where more than one
thickness is shown, the average thickness shown on the drawings will be used
as the basis of measurement for payment, No allowance shall be made for the
masonry back f£ill beyond the minimum lines of excavation shown in the drawing
except where such payment is specifically authorised. In measuring masonry
for payment, the volume of all gallaries, recesses, shafts passage ways,
chambers, air ducts, water ways, drainage conduits, depressions and all open-
ing of every description having crossectional area more than 0.05M and for
embedded pipes, tiles, wood, work and metal work, except reinforcement bars
and fabric and anchor bolts and bars will be deducted.

The rate for masonry unless otherwise specified will include all finish

or pointing referred to in these specifications. The gquantity of cement as
inidcated in column 4 under para 2.4.20 shall be quite sufficient to give the
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specified strength as under column 2 for various mixes of mortar. If contra-
ctor is required to use any different content of cement per cubic metre of
finished masonry for obtaining the stipulated strength, the payment for varia-
tions in the cement content in the masonxry shall be adjusted upwards or down-
wards. No other factor like extra quantity of mortar required for the masonry
or variation necessitated in labour, material and equipment shall be accounted
for.

The cement content for the purpose of calculating variation in cement
content shall be arrived at by dividing the total consumption for a particu-
lar type of masonry as recorded at the mixing points of mortar (approved for
use by the Executive Engineer) by the volume of the finished masonry of pre-
scribed mix placed within the prescribed lines and grades.

The payment for the various classes of masonry shall be made on the
basis of the unit price per cum. entered for the respective item in the
schedule.

2.4 .10 Transverse and Construction Joint

5.4.10.1 Transverse Joints in the Dam

Vertical transverse contraction joints shall be provided in the masonry
and or concrete of the dam for convenience in construction and to provide for
contraction of the concrete masonry. The location and details of these joints
are shown on the drawings. The joint shall extend through the full cross -
section of the dam profile and unless otherwise directed shall be started from
the foundation. The contraction joints in concrete shall be smooth, as obtain-
ed with plane surfaces of form work. In the case of masonry the edge of the
block at the joint shall be built with selected stones and the surface plaster-
ed with red cement mortar appropriate to the zone. The finish of end block of
each contraction joint has to be such that an average thickness of 38 mm pla-
ster gives smooth plumb surface.

The joints shall be sealed at the upstream face by installing two lines
of annealed copper or monel metal sealing strips of 20 gauge as shown in the
drawing. The sealing strips shall be shaped tc provide for opening and clos-
ing of joints as shown in the drawing and shall be joined carefully together
by welding or brazing so as to form a continuous water tight diaphragm. Ade-
quate provision shall be made to support and protect the sealing strips during
the progress of work and non working period and care taken in the removal of
forms so that the bond between the seal and masonry or concrete is not broken.
To provide good mechanical bond, corrugations at intervals shall be provided
and in addition, another rods of 10 mm diameter spaced at 9 m contres shall
be fixed. The concrete surrounding the water stops shall closely follow the
masonry in the block and at no time shall the top of the concrete be lower than
the general elevation of the masonry in the lower of the two adjacent blocks by
more than 1.5 m. '

The asphalt seal slot provided between the two lines of metal sealing
strips shall be filled with 'H' grade asphalt or blown bitumen maxphalt R85/25.
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The asphalt seals shall be poured in lifts corresponding to the concrete 1lift,
In asphalt well, two 12 mm internal dia stream pipes (standard black welded
steel) for reliquifying asphalt shall be installed. These pipes will be ri-
gidly clamped in place and will be pravided with threads and caps. The
steam will be passed through pipe after seal is completed upto top. It
shall then be capped as shown in the drawing.

2.4.10.2 Construction Joints

Each layer of masonry will present a construction joint. The surface
of the construction joint shall be clean and damp but free of standing pools
of water when the next layer of masonry is placed on it. Clean up shall com-
prise removal of all laitance, loose stones and other foreign material. Clean-
ing of construction joints shall be accomplished by air water jetting in case
of fresh masonry. In the case of joints that have been left exposed for a con-
siderable time, the clean up shall be accomplished either by wet sand blast-
ing or chiselling. The clean up of construction joints in running masonry
work can be accomplished with care if freshly placed layer is gone over with
air and water jet just after the lapse of three to four hours when the mortar
will have set hard enough to withstand any erosion, this period of 3 to 4 hours
may be varied slightly to suit conditions arising from the type of cement used
and weather.

2.4,10.3 Metal Seals

Metal sealing strips shall be placed across the transverse contraction
joints and around the gallaries. Monel metal or copper sheets for the sealing
Strips shall conform to the following specifications:

1) Monel metal sheets shall be of 20 gauge and shall conform to B.5,8.-
1526-1929 for Nickel Copper Alloy sheets and strips.

In case of monel metal sheets, only the flux coated monel electrodes
shall be used for arc welding and monel wire or strip. cut from monel sheets,
for oxyacetelene welding.,

The copper strips shall conform to Indian Standard Specification for
copper plate sheet and strip for industrial purpose, I.S. 1972-1961. The ma-
terial shall have the chemical composition as given for grade 'C' phosphorus
deoxidised copper (Non-arsenical) (DHA) in Table=I of the Indian Standard Spe~
cifications of copper (revised) I.S. 191-1958 with amendments upto and includ-
ing No.2 of September, 1965, The material shall have the physical properties
as given in Table - I of I.S. 1971-1961 for cold rolled annealed temper (Hot -
rolled annealed temper will also be accepted). The thickness of the strip shall
be 1.00mm (gauge 20 SWG will also be acceptable). Tolerance in thickness shall
be as specified in Table - II of I.S. 1972-1961. Tolerances in width of strips
shall be as specified in Table - VI,
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2.4.10.4 Measurement and Payments

The prices entered in the Schedule for the work required by this sec-
tion 2.4.10 shall be all inclusive constituting full compensation for mobili-
sing, demobilising and supplying all equipment, material, labour, supervision
and all incidental work except for any item specifically exempted therefrom
and for which, in addition a specific payment item has been included in the
schedule. Except or otherwise expressly provided for specifications, measure-
ment of copper or monel seals and providing rectangular framed holes filled
with asphalt, providing steam heating pipes shall be made on the basis of lin-
ear length calculated as being contained within the profile of the dam and as
shown on the relevant drawings.

Payment for copper or monel seals and rectangular formed holes shall
be made on the basis of unit price entered for the respective items in the
schedules.

2.5 CONCRETE

ZeBil Composition

Concrete for dam and appurtenant works shall be composed of cement,
sand, coarse aggregate water, surkhi and any other admixture, as specified,
all well mixed and brought to the proper consistency. Tests on concrete shall
be made at specified intervals during the progress of the work and the mixes
modified as necessary in order to consistently to secure the required workabi=
lity, density, impermeability and strength, together with maximum practical
economy. The max. size of coarse aggregate in concrete for any part of the
work shall be largest of the specified sizes, the use of which is practicable
from the point of satisfactory placing of the concrete. Concrete for the dam
shall in general, contain 80 mm to 150 mm maximum size aggregate. It is con-
templated that the concrete shall range in character from mass concrete having
150 mm maximum size aggregate and a cement content ranging from 150 Kg to
235 Kg./cum to heavily reinforced concrete having 20 mm maximum size aggregate
and cement content approximately 355 kg/cum. The water cement ratio will be
‘regulated by the requirements of strength and durability and required strength
shall determine the most suitable water cement ratio for any mix. The propo-
rtions of aggregate to cement for any concrete shall be such as to produce a
mixture which can work readily into corners and angles of the forms and around
reinforcement bars with the method's of placing employed on the work, but with-
out permitting the materials to aggregate or excess water to collect on surface,
Uniformity in consistency from batch to batch shall be reguired. The control
of concrete, beside other factors shall be by maintaining a fairly uniform slump
at the point of placement and by holding the water cement ratio as closely as
practicable to the standards determined for the purpose. Under so conditions
shall the slump be greater then that required to provide proper placement and
compaction of the fresh concrete within the form. The allowable slump or con-
sistency shall be as directed. The consistency of the concrete shall be varied
only by increasing or by decreasing the amount of cement paste in each batch
and not by any change of water cement ratio established for each class of con=-
crete. No substitution shall be made in the material used on the work with-
out additional tests to show that the quality of concrete is satisfactory.
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25 D Concrete Classification and Location of Placement

Concrete classifications are related to the specified 28 days compres-
sive strength and shall conform with the reguirements set out in Table - I
here of. The minimum 28 days strength shown in the classification table shall
be taken as the average of three tests specimens taken from a single batch of
concrete, provided that the strength value of any one specimen is within plus
or minus 15% of the mean. In addition not more than 10% of the specimens
tested for a given period shall have a compressive strength less than 85% of
the required strength and the average of the tests for any given period shall
equal or exceed the required strength. Not less than one sample test shall be
carried out for every 120 cum of concrete.

Table=I
Cless Classification Gr. of Concrete Slump Ranges Specified 28-
in M.M. days 15X30cm,
cylinder stre-
ngth (min)Kg/
cm 2
2
ATl A20 5280 M 250 50 mm to 100mm 280 Kg/cm
2
A2 A20 S210 M 200 50 mm to 100mm 210 Kg/cm
A3 A40 S210 M 200 50 mm to 100mm 210 Kg/ci'.uz
2
Ad A80 S210 M 200 40 mm to 75mm 210 Kg/cm
A3 A40 S175 M 150 50 mm to 100mm 175 Kg/cm2
A20 S 70(Porous |
concrete) 1£5.5 7 days strength
70 Kg/cm2

The mix shall be designed to produce the grade of concrete having
acquired workability and a characteristic strength not less then appropriate
values given in the above table.

The Contractor will be required to give the required strength with the
size of aggregate indicated in the above table. The rate shall be quoted
accordingly.

The location at which the various classes of concrete are to be placed
shall be generally as given in Table II here under unless otherwise specified
in the construction stage drawings or as may be directed by the Executive
Engineer,
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Specification for Concrete

Table-2

Sl.No. Location Classification Grade of Specified 28
(See item 3 Concrete days 15 cm X
Under notes 30 cm cylinder
strenath (Min)
Kg/cm
1 2 3 4 5
‘ 2
14 Mass concrete in foundation B40 S175 M 150 175 Kg/cm
for filling up crevices etc. -
and back filling
2
D All round galleries adits and A40 S210 M 200 210 Kg/cm
other openings training walls
coping over-non-overflow sec-
tion and foundation under
masonry blocks.
2
3. On downstream face of spill- A80 S210 M 200 210 Kg/cm
way and on spillway crest and (except top
bucket except for the exterior 1.0m)
1 m thickness.
2
4, Spillway crest and bucket A20 5280 M 250 280 Kg/cm
{exterior 1.0m thickness) (Top 1.0m
and around out lets. only).
B Around Metal sealing strips A40 s210 M 200 210 Kg/cm2
(face of contraction joint)
2
6. Road, Bridges, Beams and Slab A20 S210 M 200 210 Kg/cm
(Wall and floors less than
0.30m).
2
e Spill way piers and around A40 S210 M 200 210 Kg/cm \
embeded parts.
2
8. Around draft tube, liner and A40 S280 M 250 280 Kg/cm
scroll case and divide walls
etc,
2
9. Switch vard road, heavily A40 sS280 M 250 280 Kg/cm
reinforced portion of side
walls.
2
10. Power house walls, floor over A4Q S210 M 200 210 Kg/cm
12" (30cm), trash rack struc-
ture penstocks pipes and draft
tube portions.
2
11. Power house sub-structure AB0 S210 M 200 210 Kg/cm
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1 2 3 4 5
12. In block outs A20 5210 M 200 210 Kg/cm2
13. Elevator shaft A40 5210 M 200 210 Kg/cm2
Note: Location and different mixes specified here above are typical of a

specific project and shall need modification to suit design criteria adopted
else where.

Notes:~ 1/ The designed Strength is for 28 days.
2/ Cylinder size will be 15cm X 30 cm.

3/ "A" denotes aggregate and suffix "A" the maximum size in MM,
"S" denotes cylindrical 15cm x 30cm. strength to be tested,
as per I.S.I. specifications and the suffix of "S" the speci-
fied Designed, 28 days strength of concrete in= Kg/cm

4/ Wherever red cement concrete is specified 20% of cement is
replaced by Surkhi.

2:5.3 Batching

a) General

The prescribed amounts of various materials for concrete including
water, cement, admixtures, the groupings of fine aggregate and each individual
size of coarse aggregate shall be measured and controlled within specified
limits of accuracy. The amount of water, cement and aggregate shall be deter-
mined by weighing. The proportions shall be changed whenever such change is
necessary in order to maintain the Standards required by these specifications.

The measuring and weighing equipment shall operate within the limits
of accuracy specified and standard test weights and other auxilary equipment
required for checking their satisfactory performance shall be provided.

The equipment s