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Foreword

The Government of Andhra Pradesh has initiatedptibeess of providing substantive and enabling
role to farmers benefiting from irrigation projeéts management, operation and maintenance of the
irrigation infrastructure by enacting the APFMIStAE997. Following this, I&CAD Department has
carried out minimum rehabilitation of the M.I tantksough Water User Associations. A performance
evaluation of the WUASs highlighted the need foraatment in institution building to enable WUAs
to take up irrigation system management respoitg@hil This has now been initiated in the I&CAD
Department as part of the ongoing sector reforntcgss under the flagship of “Jalayagnam”
programme of Government of Andhra Pradesh in tuitle ttwve Mid-Term Appraisal of the X Plan and

observation of the Sub-Group on Agriculture an@&tion of the National Development Council.

I&CAD Department is already implementing a project “Repair, Renovation and Restoration of

water bodies directly linked to Agriculture” wittssistance from Government of India in the districts
of Ananthapur and Mahaboobnagar. To facilitate, thie engineering staff of the I&CAD Department

has developed a step-by-step process guidelinesujtport from WUAs and local NGOs. Towards

scaling up of the above programme to benefit 2kb laa, it is planned to restore 3000 tanks at an
estimated cost of Rs. 1000 crores with financialstance from the World Bank and the Government
of India under thdP Community Based Tank Management ProjectThe entire restoration work

would be undertaken in three batches over a pefidige years.

The Project Implementation Plan has been prepareact as a guiding document, describing the
activities of the project on spatial and tempocalls. In addition, a set of six Operational Manuals
various components have also been prepared to $teerproject stakeholders in effective

implementation of the project.

Commissioner,
Irrigation & CAD Department

Government of Andhra Pradesh
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CHAPTER -1

1. INTRODUCTION

Andhra Pradesh is one of the major river statdadia blessed with river systems of the Godavari,
the Krishna, the Pennar and several other smatgiv The economy is basically agricultural and
irrigation has been the main stay since a verytloreg Minor Irrigation Schemes consist of surface
water flow schemes and ground water schemes. uiflaw water impoundments are tanks.
Practically every village has a tank and tanks fegas are still functioning.

Minor Irrigation plays an important role in providj assured water supply and prevent to a greater
extent the adverse affects on agriculture on adcotivagaries of monsoon. They also play an
important role in development of agricultural protlon and ensuring food security particularly in
drought prone upland areas and outside the comaraed of Major & Medium Projects.

Though the state has a cultivable area of 16.6omiHa. Comprising as follows:

Major & Medium Irrigation Schemes - 6.48 M.Ha.

Minor Irrigation - 2.30 M.Ha.

Ground Water - 5.92 M.Ha.
14.70 M.Ha.

So far the total potential created under Minorghtion sector is 1.72 million Ha. (including
Panchayat Raj). Irrigation Department is incharfjgweestigation and execution of Minor Irrigation
sources in the state is having an ayacut of 1.838aMunder 11277 sources besides maintenance of
these sources having an ayacut between (40 Ha06 B@.). Tanks below 40 Ha. acres hither to
under P.R.Department have been shifted to Minagdtion & all these small tanks are to be restored
to M.1. Standards.

More than 50 percent of the tanks were formed c@guago. Barring a few tanks formed by
kakateeyas, Vijayanagara Kings, Gajapathis of Viagmram,Nizams and Rajahs of Wanaparthy
which were earlier considered to be of super stalsdmost of the tanks were constructed based on
previous practices and thumb rules with out propeolution of soil characteristics and other
parameters like intensity of flood, fetch of waweridg cyclone etc...Even after independence the
same practices were continued upto 1970s .If wepenenthe designs now formulated by the Central
Design Organization after evaluating the soil chemastics and foundations ,there will be no
hesitation to say that all those tanks are sulatan.Attempts were made from 1972 to 1986 to
improve and rationalize the design standards fov tamk formations. But the development in soil
mechanics and the computer aided design made sij@dy 1980s to design the Minor irrigation
tanks accurately and scientifically. But the desigo formulated have turned out to be such high
standards that they can very well be compared wulid standards adopted by kakateeyas,
Vijayanagara kings,Gajapathis of Viziyanagaram, l[dimhms etc, which we were hitherto thinking as
of super financially viable and we may not be ablground even a single scheme. As a compromise
between the conflicting claims of economic viagiland scientific design, eminent Engineer Sri
T.Hanumantha Rao, then the chief Engineer, Minogdtion rationalized the standards considering
the modern concept of economic viability and techhifeasibility and issue “Guidelines for the
preparation of Project Reports of New Minor Irrigat Projects” during 1986. But it should be
remembered that even these standards are far stiwatethe designs that are given by the Central
Designs Organisation. All the minor irrigation karare now designed and grounded based on these
guidelines. However, the tanks formed with theaedards are fairly working well though in certain
cases when faced with peculiar site conditionsbakte designs are obtained from the Central
Designs organization and adopted during execuftidre point to be made out is that about 80 percent
of the existing tanks are sub-standard and aréyeasnerable to damages for cyclones and floods.

is for this reason that we are faced with a situtvhere hundreds of tanks are getting breached yea
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after year due to floods, not to speak of innunmleralther damages. But it is not uncommon that
breaches occur in tanks even for normal rain falbre than average) particularly in the regions of
Rayalaseema and Telengana.

Decline of Tanks in AP:Tank, as an important source of Irrigation, has igssignificance during
the last three or four decades. Most of the témkise state perform below their capacity level &l
gap between the irrigation potential created andaddarrigated area under tanks has been repotted a
about 40 to 60 percent depending upon the raidfaiing the year. In the process, area under tank
irrigation has declined, which has adversely affégpeople who were traditionally depending for
their livelihoods on tanks.

The proportion of area irrigated under tanks shoasinificant decline from 39% in 1995 to 14% in
2005 in the state. Though the irrigation potentigated through the tanks is estimated at 14 lakh
hectares, the actual area irrigated is only abetitakh hectares. The variation in rainfall in thst
decade is also one of the principle causes folattge decline.

The fall in efficiency of the tank system coulddoee or more of the following reasons:

b) Decrease in inflows to the tank
C) Deterioration of physical system
d) Poor canal system

e) Poor water Use Efficiency

The decline in tank irrigation is now widespreadhtand affecting the agricultural economy of the
state. Much of the tank-fed areas are situatethéndistricts where there are no possibilities of
providing other systems of irrigation. This lossnot only to irrigation but also to other village

common use like domestic and drinking in many acAs per the estimates of the Indian Planning
Commission, in the last 25 years, about 1.7 milhectares of net area under tank irrigation haa bee
lost amounting to a capital loss of about Rs.51/@@ons.

Bharat Nirman Project: The Working Group for X Plan has assessed thatgutiopate share of
minor irrigation sector at 60% of the increase @od production would require an additional
irrigation potential of 8 Mha. Out of which 5 Mimto be from ground water and 3 Mha from surface
water sources. Irrigation from surface water resesi of 3 Mha is to consist of 2.4 Mha from new
minor irrigation schems and 0.6 Mha from renovatidrexisting tanks. The project assumes greater
importance in the context of the Bharat Nirman &bjunder which a target of 1 Mha is envisaged.
The Bharat Nirman Programme also invokes the Regfoitie National Commission for Integrated
Water Resources Development which points out tietarrying capacity of tanks has decreased over
a time for a various reasons and that the restoratid renovation of tanks is a priority task.

The present project of A.P. Community based Tank&gament is a sequel to the Bharat Nirman
Project capturing the national framework for sfaigiects to be proposed for World Bank assistance.

1.2 MINOR IRRIGATION

1.2.1 Definition & advantages:

As per classification of Irrigation Project, alktitanks having culturable command area upto 2000
Ha comes under MI Sector. Minor Irrigation progeaan be categorized as surface irrigation
projects which are of following types.

a) Construction of Tanks for surface flow irrigation
b) Percolation tanks

c) Construction of small Anicuts across streams
d) Lift irrigation schemes from canals and streams
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Minor Irrigation plays an important role in providj assured water supply and prevent to a greater
extent the adverse effects on agriculture on adcotinagaries of monsoon. They also play an
important role in development of agricultural protion and ensuring food security particularly in
drought prone area and outside the command anmajof irrigation projects.

The minor irrigation projects have definite advgetaver major, medium projects enumerated as
follows:
a) It has smaller capital investment and shorter gestperiod
b) Unlike major, medium irrigation projects, which gemnly a concentrated geographical area,
the M.I. schemes can be dispersed throughout tiggHeand breadth of the state and have a
tremendous impact on development of rural econamyi@o level.
¢) No special assistance required by way of foreigsgenel or equipment.
d) Local resources can be easily and effectively bbilimed for their execution
e) They generate large amount of dispersed employment
f) They will act as sources of famine relief
g) Water management is relatively simpler than in cdseajor and medium irrigation projects.
h) Low cost of maintenance when compared with majdrrardium projects.
i) Least disturbance to environment and ecology
i) Beneficiaries participation available
k) Life of tank is invariably multifold than designéte
I) Recharge of water table in the wells of village donjunctive use
m) Negligible R & R issues involved

1.2.1 Need to protect the existing sources of Minor Irrigition :
At present, 1.5 million Ha is under M.I. sectorArP. There is only a little potential left to tépe
yields in view of saturation in most of the basins.

As such, the tanks which are the life line of tillages are to be sustained taking up standardizati
along with revival and restoration works. This aggzh would preserve the tanks one hand and on
the other to stabilize / bride the gap ayacut warerevailing.

The measures of taking up revival / restorationksdor bridging the gap/ stabilization of ayacut
are specially pertinent in the areas where no lHeitsites exist or yield is exhausted for forming
new tanks. The non-irrigated / gap ayacut undertdimks in these areas, which is being brought
back for irrigation, will be as productive as new.Icreated at relatively cheaper outlays. (about
50% of the cost of new tank formation)

1.2.2.The Role and importance of Minor Irrigation Tanks in Rural Life:

In an agro based rural economy the pre-eminencgiradr irrigation sources is undisputable. The
rainfall being restricted to 3 to 4 months in arydhe importance of irrigation tanks for providing
dependable and assured water supply to irrigati@s wecognized from the earliest days of
civilization. A minor irrigation tank is the lifarie of the village. The size and prosperity ofagi

is directly linked up to the size of a tank. Thage life is closely interwoven with the tanks.eTh
receipt of fresh inflows into the tank is a causedelebration in the village. During some impottan
festivals the villagers congregate on the tank biangerform religious rites. Usually, some fruit
bearing and tamarind trees etc., are grown ondhle bund and rear margin and all villagers are
entitled to usufruct of these trees. The tank mlesiwater to the village cattle during the dry
months. The tank is also be centre for birds ahdrdauna. The babul trees grown in the foreshore
lands supply food to the sheep and goats duringuh@mer months. When the tanks dry up the silt
accumulated in the tank bed is utilized by theagérs as manure in their fields. Thus, the tanks
help maintain ecological balance and improves enwirent. This last but not the least importance
of minor irrigation tanks is the replenishment obgnd water, which is another importance source
of drinking water as well as irrigation.



CHAPTER -2

HEAD WORKS OF MINOR IRRIGATION TANKS

2.1Tank and its Components

a)

b)

Usually, it is an earthen embankment comprisingadécted earth constructed across a stream
or a nala. The purpose is to arrest the monsoarsfia front of the bund to store water for
regulated releases whenever needed, mainly fgated agriculture and for other multiple uses.
The multiple uses may be for fisheries, washing lzettiing, village water supply and for cattle
drinking.

For the bunds stability, recently constructed buarésprovided with core walls, cut off trenches
to prevent leakage and also toe drains and fitteisafely carry the seepage if any away from
the bunds without disturbing the solil particleshed bunds.

c) The upstream slope of the bund is normally proteegainst wave action / by stone revetment

d)

e)

f)

9)

of about 0.30 meter thickness, with filter matenaiderlain protecting the inner earthen
material.

Stone edging on either side of the top width oflibhad if provided will prevent erosion of the
edges and to maintain the profile

Grade stones at the front edge on the top of tine lawe fixed to maintain the longitudinal top
profile and to know location points along the ldngt the tank bund

Rear slope of the earthen bund is protected bwlsdeitgrass cover (turfing) to prevent rain
erosion

If the bund is serving as a road to connect vikageross the stream, the top width is widened
suitably to carry vehicular traffic.

2.1.1 Tank Sluice:

a) It consists of a regulating device at the headhefliarrel passing though the bund at a
suitable location and level to command the fieldshie ayacut and connecting the main
channel downstream of the bund to draw water wleedled to irrigate crops

b)  The regulating device may consist of a plug andsystem (known as kontha) in the old
tanks or a sliding steel shutter with screw geeairgement in the present day tanks The
regulating device is approached from the top oftthied usually in large tanks through a
narrow footbridge.

c) The sluice barrel in olden days was constructebrick or stone masonry covered with
stone slabs. Later constructions have Hume pipags asprovement against leakages and
for better and easy maintenance.

2.1.2 Surplus Weir :

a) This component of the tank system located usualtheends or rarely in the middle of
the bund as an overflow section to pass off thegxdloodwater safely to the stream
down below without damaging the bund, The surplusrwould also be located
elsewhere in the saddle in between two hillockthatridgeline in favorable topography.
This is rare.

b) The excess flood water past the weir is carriecbuphn a properly designed and
constructed channel safely away from the bund &vent damage to the earthen bund
and arrest retrogressive erosion of the bed matdriae channel, behind the waste weir
body wall.

c) To facilitate smooth flow of approaching floodwatéowards the weir, the upstream area
of the weir is cleared for the required width andhe levels, to prevent heading up of
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water that may cause overtopping of the bund.

2.1.3.Conveyance System

a) It consists of a main canal taking off from theteis behind the bund downstream of the
sluice. It has a designed capacity for the maxindemand to be supplied in the crop
season. It may have branch canals, distributaridsminors feeding the watercourses to
irrigate the fields, sequentially depending upamgize of the tank and the ayacut.

b)  The conveyance channels have minor masonry stegtuch as outlets structures with
or without controlling gates, cattle crossings,t ¢eack crossings, cross drainage works
crossing valleys, canal drops etc. to safely cdreychannel flow to the tail end fields of
the ayacut.

c) Ayacut roads are also provided to convey the aljuii produce from the fields to the
access roads leading to the market nearby.

2.1.4. Water Spread Area:

a) Water spread area is defined as the extent ofslooee (submergence) water area at full
tank level. The quantity of the water stored at KWaste weir crest level) is the total
gross capacity of the tank in terms of volumetrigasure. Out of this the storage below
the sluice sill level (tank sluice level) is theadestorage. The difference is the live stor-
age capacity which can be drawn through the sluice.

b) Maximum 'Water Level (MWL) is the level up to whietater can be allowed to raise
without endangering the bund during floods wherwvthste weir is discharging "

2.2 Operation & Maintenance:
2.2.1 General:

Operation & Maintenance (O&M) is an important ®ityi of any managerial organization
made responsible to make the tank function effelition a sustainable basis to realize
the planned benefits. This activity can be broadhgsified into two main types viz., (a)
routine maintenance and repairs repeated every §eéy) special repairs including
improvement which may be required to be done wiven situation warrants.

2.2.2 Routine Maintenance & Repairs:
2.2.2.1 Tank Bund:

This routine activity is carried out on the tankid and its appurtenant works twice in the
year, once before the monsoon period and agalmeatrid of the monsoon. It comprises
detailed inspection and rectification of defectd deficiencies.

a) Bund condition should be checkéor its profiles throughout its lengtfor any
damage due to rains, movement of cattle, burrowingbdents, crabs etc.

b) The top width level and its surface & the edgingbé¢ checked for any distortions
and rectified.

c) Longitudinal and transverse crack in the bundny, should be checked and filled
back with appropriate materials and compacted #fgzting the cracks with care
particularly at masonry junctions like sluice andrpdus weir under expert
guidance.

d) Revetment on the front slope should be checkedractified for any settlements
and distortions.
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e) Sluice gate and its parts should be specificallgckbd for smooth and effective
operation. Any missing or damaged parts shoulaepaired or replaced.

f) The operation of the regulating arrangements likes gear or lifting devices
should be thoroughly checked against the operdtidifiéiculties and all moving
parts should be oiled /greased after thoroughlgrsiey the surfaces. All exposed
surfaces should be cleaned and painted to prevsting.

g) The sluice barrel or pipe should be checked thdryuggainst any damage or
leakage: Also it should be thoroughly cleaned reimgall obstructions, silt and
debris deposits if found.

h) The toe drains, constructed as part of the bundlghae inspected to check that
they are in good condition and not clogged witlireparticles

i) If piping is noticed in any part of the bund in tthewnstream, flowing with turbid
water, it should be immediately attended to undeeg guidance.

j) Vegetation and tree growth including - the rootsiy part of the bund should be
removed completely, positively before the monscamd after.

k) Grazing of cattle, sheep on bund and slopes shuntibe allowed. Grass grown
should be utilized after carefully cutting it aratkén away.

2.2.2.2 Water Spread Area:

a) Encroachments if any should be cleared & preventheasures taken against
further encroachment.

b) Either a contour bund or stones at intervals afgettaid along the FTL contour or
2 to 3 rows of trees (bamboos) can be plantedawegnt encroachment and to arrest
erosion and prevent silting up of tank bed.

c) Removal of silt every year is advised to take cdirless of storage capacity.

d) Approach channel to the sluice point and levebid¢ ‘cleared for easy flow of
water.

e) Draft approach channel to the surplus weir aldoetchecked for encroachment and
vegetative growth and action taken to clear it off.

2.2.2.3.Surplus Weir :

a) The surplus weir and appurtenant works includingymiream protection works
should be inspected to verify that the junctiorhviite earthen bund and the flank is
intact without any damages or dislocation or dantagades, foundation & crest of
the weir including the body wall all along its lehgAny damage or distortions,
cracks should be removed. The Crest of the wewwars should be checked to
verify that uniform level is .maintained all alortge length as per the original
construction.

b) The approach channel in the upstream of the walr tae draft channel in the
downstream should be inspected to verify that they free from obstructions
including vegetative growth, encroachment and tieaerosion or retrogression of
ground has occurred to ensure the safe passalgmdfifaters.

c) The gauge with markings near the surplus weir shbalchecked to verify that it is
useful to measure the depth of flow over the warnirdy floods and to calculate the
guantity of surplus water, passed each time. Ifetie damage it should be rectified
before the monsoons.

2.2.2.4.Conveyance System:

a) The main canal taking off from the sluice barrglépin the downstream should be
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b)

d)

e)

f)

9)

h)

k)

inspected from head to tail end every time befoi &fter each irrigation supply in
the cropping season.

It is essential to provide measuring devices sl a notches, cut-throat flumes,
Standing Wave flumes etc., depending on the quaaotitischarge carried by the
respective canals. These will enable to measurejtia@tum of water withdrawn

from the tank and also to regulate the flow to dlesired requirement to prevent
wastage and to conserve the precious water irattie t

The section of the channel at various points beothcutting and embankment
reaches should be checked for designed bed widgithaf flow and the free board
provided to prevent overtopping. If any damage istodtions have occurred it
should be rectified' soon by carrying out the nsapsearthwork before water is
allowed to flow.

To maintain the correct longitudinal slope it isvisdble to fix bed grade stones at
intervals of 100 meters.

To maintain the correct profiles it is preferable tonstruct templates.
Masonry/concrete at intervals of 100 meters oreslgstervals as may be required.

Distance stones along the main canal at every 02(K HM) interval must be
fixed on the inspection path side to determinddbkations along the canal.

All the branching points must be constructed in onag/concrete so that they are
fixed in position. This should be combined withegatots to regulate and distribute
the flows as required in the channels. The gategidoe of stone or pre-cast RCC
that could it in the slots. Standardized sizes khbe used to facilitate flexibility
and interchanges when necessary in such locations.

If the channel has steeper gradients, to avoidutsog and damage, masonry /
concrete standard drops should be constructedgaitiye markings to measure the
rate of flow. These will be useful to know dischesgat any point and also if a
constant discharge maintained at the head of theeslchannel losses in different
stretches can be assessed to facilitate regulatiiow as per requirement.

All turnouts (outlets) to the water course along slupply channel should be pucca
in masonry / concrete with pipe openings of requseze and at authorized level
and locations provided with controlling devices.

The WUAs should operate & maintain the conveyarystesn including the water
courses.

Depending upon the needs of the cultivators anddhjaired cropping pattern in
the ayacut specified by the WUAs in consultatiothwthe irrigation engineers,
WUAs may adopt any of (i) “On off’ of the outletsiinors as the case may be or
(i) "Block system' with' continuous with' constadischarge” or (iii) "variable
discharge with regulation” within the capacity loé ttonveyance system

2.3 Special Repairs & Maintenance

a) Apart from routine operation & maintenance actéstihat are carried every year, certain works

b)

involving heavy expenditure, which cannot be metrfrthe normal revenues that accrue, need
to be undertaken in exceptional circumstances. 8xpknditure warranting high capital outlay
are termed as capital expenditure.

The special circumstances are when (1) there iachrén the bund due to excessive floods
which the surplus weir can not accommodate or (@) w piping caused by rodents and crabs,
causing heavy damage to masonry structures suslhies and the canal system.

Deferred maintenance over a number of years aral dile to continuous neglect may also
warrant special repairs. Excessive silting suchwhat has happened to many tanks is an
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d)

example' of this nature. Desilting which needsdalbne to almost all the tanks come under this
category.

Improvements and restoration works to original ¢, which is being undertaken by A.P.
Community Based Tank Management Project throughnoamity participation being funded by
World Bank.

2.3.1. Tank Bund Complex:
a) Bund Portion:

Vi.

Vii.

viii.

Xi.

The interventions in bund to be decided by therjtigs fixed during the walkthrough survey
and as pointed out by the Ayacutdars.

Whether position of revetment on the upstream &da place to be checked. If dislodged
provision to be made in the estimate for reconsitnawvith the available stones or else fresh
revetment with Jelly and Sand Backing can be made.

Whether turfing is provided on the down stream slopthe bund shall be noted. If it is not
there the same shall be provided to avoid erosidmuiod due to impact rain water.

The top width shall be as per standards and dosearstslope shall be as per standards.
The weed growth on the bund should be removed.

Detailed survey shall be conducted and longitudamal cross section should be drawn at least
for every 30 metres.

The quantity of embankment should be assessedeldgiigitudinal section and cross section,
If the soil obtained by desilting is suitable fanlankment the same can be used for bund
portion.

Proper care should be taken to compact the embartkimeslope portion and over the top
duly scraping the old embankment or by making gepches.

Existence of cracks which are horizontal/ longitadinoticed if any details such as depth,
width and length of crack should be collected.

Leakage and sweating of downstream side slope wd Inoticed if any, the details of their
locations should be collected.

Adequacy of free board existing should be colleeed checked.

b) Surplus Weir:

Vi.

Vii.

viii.

Surplus weir may be of any type either sloppingapclear over fall or of ogee type
The surplus weir may be of masonry or concrete

Check whether there are any leakages in the bodly &w there are any damages, check
whether downstream apron, coping slab are in positheck for clearance of draft channel.

Joints in the masonry wall should be thoroughlanéd and pointed using CM 1:3 mortar

If there are more leakages, provide a concretéwgéll on the upstream side to a thickness of
20 to 30cms with nominal reinforcement (detailedcification and methodology is explained
in guide lines methodology for masonry surplus gjeir

If coping slab is damaged the same should be reglac

If Apron stones are washed away provision to be enfad replacement of Apron in its
position.

If the length of the weir as revised with maximuleofl discharge is more than the existing
surplus weir length, then provision should be mtméncrease the length of the existing
surplus weir.

Details of the approach channel leading to surpleis to be examined and details of missing
pitching and damages to side protections if anykhioe collected.
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Vi.
Vii.

viii.

Xi.
d)

Vi.

Vii.

viii.

Details of the existing condition of wing walls gigam and downstream of the surplus weir
should be collected if improvements & repairs @guired such details and dimensions have
to be noted.

Details of existing conditions of energy dissipaiardownstream of surplus works along with
draft channel clearance required if any, shallddkected.

Sluice :
Two types of sluices. Barrel type and piped type.
Sluices are sometimes provided with Plug & Rod ateS (Shutters).

Number of sluices, their types, their location Ire tbund, their sill levels, their effective
working, whether the barrel is dislodged etc., $thdne noted.

Observe whether there are any leakages, if so civbelther they are inside the barrel or
outside of barrel walls.

See whether Plug & Rod is existing or not; if ngtséng, replace it; if existing check for
damages.

Check for damages to sluice structure
Check for existence of foot bridge for operation

If it is a gated sluice check for leakage in gaiesp ascertain the damage and take suitable
action

While desilting, care should be taken to make aggines to the sluice such that water flows
freely towards the sluice.

If the barrel is collapsed and sluice is not funmmitng, the bund should be cut opened in a flat
slope, preferably, in 4: 1 slope, barrel portionorestructed and then embankment is redone
duly keying to the old embankment.

Check the condition of shutters and the screw gerangement.
Command Area:

Standingonthe center of the tank bund facing the command #nedeft side of us is the Left
Bank and to the Right side of us is the Right Bank.

The alignment of the canal with respect to theglessdi command area is to be identified

If the canal section very small, the siltationhie tanal is to be removed manually & not with
JCB,

Critical reaches in the canal for which selecteéhlj is to be provided, should be identified
with respect to chainages.

Wherever cross regulators have to be construdted, ¢chainages are noted and accordingly
provision to be made to construct cross regulafidris also fixes the bed level of the canal.

Wherever cross drainage works such as Aqueductn(whie canal crosses a nala) & culvert
(wherever road crosses the canal) should be ideshtiind such structures wherever necessary
should be constructed.

Loss of water due to carelessness should be avoided
The designed command area should be marked ireauesurvey map.

Details of existing distribution outlets, their &ions and their conditions should be collected.

2.4. Common Problems In Tanks & Remedial Measures:

The common problems faced in a tank proper and d@&heneasures thereon are outlined as
described below:
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2.4.1 Tank Bund:

Bund is a very important component of the Tankcdtme. Generally it is built with earth of
homogeneous/non homogeneous type soils dependitige@vailability of the materials in place.
Some tanks are of composite type with earthen busittismasonry or earthen bund with concrete
surplus weirs. Generally the earthen bunds considtsp width varying from 1.5 to 5 meters with
more flattened slopes with revetment on the fréopess and steep slopes with turfing on the rear
slopes. The condition of the bund deterioratestduke following reasons.

a) Dislodging of the revetment or its non existencases water waves to hit directly on the
upstream slope of the bund resulting in erosionthef bund or settlement of slope. Hence
wherever noticed the upstream slope should be giestevith revetment and filters.( Fig. 2.4.1 a)

RIVETMENT
STOMNES

Fig. 2.4.1. a

b) If down stream slopes are not provided with turfidge to the impact of the rain water
directly falling on the rear slopes causes grademsion of the slopes resulting in the
deterioration of the bund section and ultimatelysss damage to the bund. ( Fig. 2.4.1b)

Fig. 2.4.1.b

c) The trees that are allowed to grow on the Tank baxtiend their roots from one side of slope
to the other side of slope. If these roots grolewehe Free Board Zone, there is possibility of
piping action which is very dangerous. If thegeing action is left as it is, it will gradually giv
room for breach of the bund.( Fig.2.4.1.c)

Free hoard zone




Fig.2.4.1.c

Presence of rats/burrowing animals, causes pigitigra(Fig. 2.4.1.d)

Fig.2.4.1.d

If the anthills that are existing on the tank buard to be removed, to avoid cut opening of the
bund, sand should be poured into the holes alorth water until the holes get filled up

Fig.2.4.1.e

d)
Sand bags
e)
completely.( Fig. 2.4.1.e)
AL
RIVETMENT
STOMNES
f)

Some times the top of the bund erodes graduallytduain falling directly on it resulting in
decreasing the height and width of the bund. Waat tear of the bund also occurs due to
movement of vehicles and animals. When the bunghhés reduced less than the Maximum
Water Level (MWL) and due to heavy siltation. Thater overflows through the bund causing
failure of bund due to erosion, breach and somediover toppling. The bund height should be
increased to a height of 1.5 m. above MWL givinffisient free board using proper soil duly
compacted after ensuring adequate grip betweerextsting and the new embankment. The
height of the revetment also to be increased aswgydup to MWL (Fig 2.4.1.1)
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Fig.2.4.1f

g) Cutting of downstream toe of the bund due to erdroent results in exposure of seepage
gradient on the downstream slope causing collapteslope and breach. ( Fig.2.4.1.g)

RIVETMENT
STONES

Fig.2.4.1.9

2.4.2. Following care should be taken in order to aintain the tank in good condition.

a) To keep a constant vigil of miscreants from damgdgire bund.

b) To remove weed growth frequently without giving modor its root growth deep into the
Tank Bund

c) To protect front slope with revetment some timehwiew stones or resetting of revetment
whenever required.

d) To protect rear slope with turfing to avoid scogriaction due to impact of rain directly on
the slope

e) Not to give room to take soil out of the bund fther purposes.

f) Not to cut the grass on the downstream slope feguit exposing of earthen surface

g) Not to grow trees on the tank bund

h) Not to propose structures such as temples et¢heotop of the bund

i) Not to cut the rear toe of the bund cause due tmoachment of the farmer whose land is
adjacent to the bund.

i) Not to allow for the encroachment on the tank bared.
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2.4.3. Damages to bund may also take place naturalior the following reasons:

a) Longitudinal and Transverse Cracks in Embankmei

Sometimes during hot summer months, cracksiatieed on the embankment. Due to highly
clayey nature of soils used in the embankment foama, such cracks occur due to high
temperature, which tend to close during colderseas
Other types of cracks are caused by differergettlement between adjacent lengths of
embankment, at junctions of earth and masonry tsireis, and due to non-uniform compaction
to its full width in the successive layers in tmbankments. The most serious crack are those
which run transversely creating a path throughdbwe for concentrated seepage through the
core. In such cases immediately the WUA should goiiinto the notice of the concerned
authorities i.e. A.E. / A.E.E.

b) Remedial Measures for Treating of Cracks:
The following measures are to be taken promptly neler cracks (other than the cracks
associated with high temperature and which closinguwcold weather) are observed in the
embankment:-

i Find approximate depth of crack by excavating @péation pit.

i Carry out water test through this pit and obsepgaximate intake of Water

iii Excavate the cracked portion in the form of a thenpto the bottom of crack and
trench filled in layers of semi pervious soil delympacted. The compaction may be
done by hand rammers or pneumatic tampers or ewually by persons through
their gum boots if mechanical means of compactiemat readily available.

iv If the depth of cracks is substantial / about 0. @rmmore, “clay — cement water mix”
grouting maybe adopted. This is normally doneuflo75mm dia pipes inserted into
the cracks at about 0.9m to 1.0 m spacing and pguhe fluid grout mix (clay —
cement — water) in these pipes, viz., ‘gravity girmyi without deploying any grout
pump.

v Treatment of deeper cracks can also be done byateg trenches in the cracked
portions to a depth of about 0.75 m to 1.0 m raegepsing the cracks; and filling
the trenches with a solution of ‘bentonite and wdfel4 ratio)’. Gradually, the
bentonite will penetrate the cracks extending belosvtrench bottom all along their
depths filling these completely. When no solutierleft in the trenches, suitable
earth fill in layers should be placed and compaeted right up to the top level of
embankment. There is no need of excavating tmehes right up to the bottom of
cracks if these are very deep 0.75 m to 1.0m desghes are 0.k. This treatment is
known as bentonite grouting and is simple and &#fec An important requirement is
that the bentonite powder should be very well mikedater and is to be kept stirring
till the solution is poured in the trenches.

vi Sand Slurry Method: Sometimes it is more expedi@hen nothing else is available
at a short notice) to treat the longitudinal arehsverse cracks by pouring a well
stirred mixture of fine sand and water (Say, l:Bojainto the cracks manually.

2.4.4. Remedial Measures for Piping Phenomenon:

A) If clear water is coming out through a leak, theation is not serious. However, discharge
should be measured and reported immediately t&tigineer-in-charge. Regular monitoring
of discharge should be introduced. Gradual / sndderease in leakage discharge can be a
cause of concern. In order that the dischargeisalowed in increase further, dumping of
soil and murrum on the upstream slope in a portipposite to the leakage point maybe
adopted. Even gunny bags full of soil and murram loe dumped.

B) If turbid water is coming out through a leak thetterais serious and may develop into a
dangerous situation of piping. The leakage disghahould be approximately estimated.
Also, immediate inspection of Tank Bund should tsmto discover whether any settlement,
howsoever small, and any longitudinal or/and trans cracks have developed in the
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embankment. It should also be observed whether ‘sloughing’ of embankment has
occurred at any location. All these facts showddobomptly communicated to the Engineer-
in-charge so that requisite remedial measures eanitiated well in time. Simultaneously,
following actions should be taken immediately:

i Inverted filter of filter materials should be laid over the face where leakage of durbi
water is taking place viz the inverted filter balbaver the embankment slope as it is
without going in for any bowel shaped excavatiottap the inverted filter. The layer
of sand is to be placed against the leakage face.

i This is illustrated in Sketch I: Propose of ‘inverted filter’ is to trap soil patés. The
danger to a leak arises out of the removal of saifticles from the body of
embankment, ultimately resulting into uncontrolfgding. The function of the filter is
to arrest the movement of soil particles. It tserefore, of utmost importance that
correct filter materials, as shown in Sketch lused. If after placement of inverted
filter, it is observed that the turbidity of lealkagrater has disappeared and the leakage
is of clear water, the filter has served its pugp(ketchl at Page 19)

i Soil, murrum and stones / rock should also be dumpperecessary, on the portion of
the upstream slope of the embankment (oppositdetiieage location) to be sure that
leakage does not increase.

iv If any subsistence of the embankment is noticedome reach, earth fill should be
placed, duly compacted, to achieve the designedetogd to ensure the designed free
board.

v If, even after taking the above emergent actioe,dituation still demands lowering of
water level in the tank, it should be done.

(C) Long—Term Remedial Measure for Piping:
When water level in the tank goes down and the taratmost depleted and bed is exposed, a
key trench of 0.9m to 1.0m depth should be excavatdhe upstream toe of the embankment.
impervious soil should, then be laid in layers angperly compacted. The length of this trench
(covering a substantial reach u/s and d/s of tlation of leakage point / points) can be
determined at site. A coffer dam or a ring bund aso be constructed on the upstream side,
space between ring bund and tank bund dewateredth@work excavating key trench and
filling it with impervious earth fill undertaken.There-after, the upstream slope of bund be
stripped by about 20 cm and a clay blanket of atd2h m to 1.5 m thickness should be raised
from the key trench up to M.W.L. (duly placed ayérs and appropriately compacted). Stone
revetment over graded filter should then be laicerothe inclined clay blanket. This
arrangement of key trench and inclined clay blamk@lustrated in Sketch — 1l.( Page 20 )

2.4.5. Sluices:
Sluices are one of the important masonry / concsgtectures in the tank component. Sluices
may be one/two/threeffour in numbers depending lom gize and the Topography of the
Command Area. Sluices may be of barrel type orcgteucture facilitated with plug and rod or
shutter type (in recent years) arrangements.
Precautions to be taken to inspect the controfimgngements before the onset of mansoon for its

correctness. The following are the possible prokléhat may arise due to improper care and
needs immediate rectification.

a) Plug and rod/shutter and controlling arrangemeatde kept in good condition before
receiving water into the tank. This avoids lealsafi@ny through the Sluice portion. ( Fig
2.45.a)
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Fig.2.4.5.a
b) If the leakage water is of turbid nature then thsrkeakage nearer the Sluice or along the
sides of the Sluice barrel. This needs to be tadsy providing bund on the upstream side
of the tank near the Sluice and when the tank igtgmermanent repairs are to be carried
out. If necessary the bund also has to be cutezpand repairs carriedout. ( Fig 2.4.5.b)

L L _
Figpans

e

Fig.2.4.5 b

2.4.6. SURPLUS WEIR (Waste Weirs)
Surplus Weirs are of three types ( Fig 2.4.6)

SURPLUS WEIRS ARE OF THREE TYPES

WWATER FLOWY

WATER FLOWY WATER FLOWY

I
1]

N ] o
1.SLOPING APRON TYPE 2.CLEAR OVERFALL TYPE 3.0GEE WEIR TYPE
Fig. 2.4.6.

Generally the Surplus Weirs are constructed by Siome masonry with deep pointing of the

joints. Excess water over and above the Full Tlaakel (FTL) overflows through these surplus

weirs upto the maximum water level. The leakageslamages occur due to the following
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reasons.

a. Damage to the pointing of the joints in the bodylweénich needs to be set right only after
the water recedes in the tank or by putting Ringdall along the length of Waste Weir to
make re-pointing after scraping the joints thordughSome time plastering may also be
done along with pointing.(Fig2.4.6 a)

COMCRETE SKIM WALL

WVeASTE WEIR

Fig2.4.6. a
b. Leakages occur through the body wall of the Wastér ue to weak structure of masonry.
In such case provision to provide a concrete skall (M 15 concrete) with nominal
reinforcement. The thickness of the wall is geliyed 200 to 300 mm. .(Fig2.4.6 b)

MWL CONCRETE SKIN WALL

HOLE MADE IN THE
BODY WALL

Fig2.4.6 b

c. If there are pot holes in the solid apron (of @ete) on the downstream of the Surplus
Weir, there is possibility of leakage from the battof the Surplus Weir.

Even though most of the tanks have with stood forenthan 100 years, it may receive the unexpected
floods by itself or due to the breach of upstreamks if the Tanks are in series, in such cases
immediate arrangements to be made to report tcoheerned authorities and also care should be
taken to cut open the Waste Weir itself to pass hkavy floods. Subsequently repair the
masonry/concrete walls immediately after the fleaater recedes. This is essential otherwise it may
damage the bund.

2.4.7. Closing of Breaches in Tank Bunds:

Breaches should be closed with utmost care dulgrebyy all quality control requirements. Any
non conformance to specifications would result@ompquality work which could be prone to re-
occurrence of breach.

2.4.7.1. Sequence-wise steps for closing of breashe

A)_Preparation :

a) All water should be completely cleared out of thdtdm of the breach section as well as
from its close vicinity.
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b) All soft mud / slushy soil should be removed andsgesurface exposed on the bottom. A
proper foundation is of paramount importance.

c) Allloose soils should be removed from the endbwfd on either side of breach.

d) In case itis a zoned section, core trench or waikis to be restored to its design section.
e) All vegetation, bushes, roots should be removed.

f) Key trench should be provided at the base.

g) The existing bund on either side of breach shoeldl to a flat slope, preferably, 4(h) :
1(v) slope.

h) The cut slopes should be benched in suitable step30 cm or 45 cm. Meanwhile, soil to
be placed in the ‘breach section’ should be gasifieed for its suitability.

B)_Placement of Earthfill and Compaction:

a) Prior to placement of earth fill, all scour holescbured portions existing both in front and
rear of the bund should be filled with good clageyl and compacted well.

b) Earth fill should be placed in suitable layers 0s / 22.5cms thick in case power roller is
used or 15 cm thick in case fuel operated platepemtor / earth rammer is used).

c) Core trench / core wall is to be filled first anohapacted. Thereafter, fill placement should
be carried out systematically over the whole area.

d) In case of zoned section, hearting portion of erkiveant should always be kept one layer
above the adjacent portion of casing.

e) Earth fill layers in the homogenous section bune #r be compacted to at least 95%
proctor density (98% will be preferable); earth Eyers in the hearting zone should be
compacted to 98% of proctor density.

f) Itis to be ensured that any gravel / stone piécésds of size more than 7.5 cm are picked
out and removed.

g) The soil in the casing zone (viz cohesion lesg $®ilo be compacted to a relative density
of 65%.

h) Slopes of the new embankment should be in confgrmith the designed slopes of the
bund or even some what flatter in special situgtioAn extra width of, say, 20 cm should
be laid and compacted during fill placement to em®fifective compaction of full section.
This extra width can be later trimmed and the trednearth re-used.

i) The top level of newly formed bund section shoutdraised to an extra height above the
old embankment to allow for settlement. Settlensdiotvance of about 2% in height must
be kept.

Methodology of closing breach is illustratedSketch — 111.( Page No. 21 )
2.4.8. Leakage in Canals:

Wherever Canals are taken up through full embankmeéthout proper compaction there is
possibility of damage to the Canal through heawpageand cause wastage of water. Some
times there will be loss of Crops too.

In banking reaches associated with seepages,igeléntng can be led both in the bed and sides,
duly constructing toe walls at the commencementelkas at the ends of the selective lining.

Cross drainage works should be constructed wheregeiired to see smooth flow of water in the
Canal.

Note: In case of emergencies, it is always advisablenfarm the experts who can guide the

WUASs in a better manner and deal with the situatiappropriately. Also the District Collectors

of the concerned districts should be informed altfoeifpossible damage that may cause in case of
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occurrence of breach.

Before the onset of monsoons it is always advistibleeep stock of empty cement bags and sand
for putting emergency Ring Bunds.
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INVERTED FILTER Sketch |
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U/S KEY TREMCH & INCLINED CLAY BELANKET Sketch I
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Methodology of closing Breach
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CHAPTER -3.0

STANDARD SPECIFICATION

3.1. EARTH WORK

3.1.1. Excavation :

A) General :

a) All excavation shall be carried out to the linesdgs, levels shown on the drawings and as
directed by the Engineer.

b) All permanent excavation shall be trimmed to thec#fied lines and slopes. In case there is
over excavation beyond the specified lines andlsetke same shall be filled with suitable
soil, laid in layers duly moistened and compacted.

¢) In very small jobs, compaction of earthfill may é@ne manually by hand rammer. An hand
rammer may consist of a wooden block, say, 20 ctb xm x 15 cm with a wooden handle
fixed to it. Mechanized compaction shall be donelb other jobs.

d) Care shall be taken to ensure that the soil belogvk@eyond the lines of all excavation is
preserved in a sound condition.

e) In case of excessive over excavation on slopesdire can be filled with lean concrete 1: 6 :
12 or with stone masonry instead of filling withilsand compacting it. Over excavation on
the bed can be conveniently filled with soil, lmdayers, and compacted.

f) The bottom and side slopes of excavation againgthwdoncrete is to be placed or masonry is
to be laid, shall be finished accurately and shdddwell tamped and moistened prior to
placement of concrete and laying of masonry.

g) Moistening of sub-grade shall be done with the gaed's can to ensure gentle and uniform
spray of water and without the formation of anysomt puddle.

h) In case of soft or hard rock strata, all weathenepartly decomposed pieces of rock shall be

removed.

B ) Stability of Slopes:

During the excavation as well as fill placemerapdity of slopes has to be ensured, being of
paramount importance. During re-sectioning of eartbhannels, the slopes both in cutting
and fill sections should remain stable. Likewi$es earthen embankments should have stable
side slopes. In case the canal is to be lined edtitrete or masonry, the side slopes shall be
such that no earth pressure is exerted over thedjdbe lining.

For general guidance, recommended side slopesahuated below from consideration of
slope stability:

3.1.1(b) TABLE: Recommended Side Slopes

S.No. Type of Soil Side Slopes (Horizontal: Vertich
i) Loose sandy soill 3:1
i) (Average sandy soil/sandy gravelly soll 1 ol1t5:1 (in cutting)
1.5:1to0 2: 1 (in embankment)
iii) Murrum - gravel mixed soil 1:1to 1.5:1 (outting)
1.5:1 to 2:1 (in embankment)
iv) Clayey Soils 2 :1to 2.5:1 (in embankment)
1.5:1 to 2:1 (in cutting)
V) Rocky Soils 0.25:1t00.50:1




The above slopes are for depth of cutting and he&iflembankment upto 5.0 m. The clayey
soils, when wet, shall have stable slopes of 2 &rice these soils are prone to slips when
wet. In any case, the slope should not be stebpar2:1. As a matter of fact, side slopes 2: 1
are considered stable for all types of soil in enkip@ent upto a height of 5.0 rfn case of
clayey soils for embankment height of more thanms.@pto 10 m), side slopes of 2.5: 1 shall
be the stable slopes. Flatter side slopes, 3.5hdll be needed in case of swelling black
cotton soils.

C ) Strengthening of Earthen Embankments:

Raising and strengthening of earthen embankmentsuah reaches / portions which are
deficient in designed sections shall be carried withh good construction procedures. For
raising earthwork on the existing old embankmeng essential to ensure proper bonding of
freshly laid soil with the old embankment so that@akage takes place at the junctions.

(i)_Construction Procedure:

a) All vegetation, bushes, roots, plants etc. shalrdraoved from the existing portion of
embankment proposed to be strengthened.

b) The base shall be stripped to a depth of aboutrl®@20 cm.

c) The outer slope / inner slope shall be bencheditalde steps of about 30 cm to 45cm.

d) Borrow area to furnish suitable soil for fill planent shall be identified.

e) Types of soil suitable for placement comprise tdyey gravel, silty gravel, clayey sand,
silty sand, clayey soils etc.

f) Density tests of borrow area soil shall be condlicgeor 4 tests shall be conducted with
varying moisture contents to enable determinatibri'Maximum Dry Bulk Density
(MDBD)" and Optimum Moisture Content (OMC), viz timoisture content at which the
density is maximum.

g) Earth fill shall, then, be laid in layers at th@g#ment side. Thickness of layers shall be
restricted to 20 cm to 22.5 cm in case standardv&P®oller” is used for compaction.

h) Thickness of layer shall be restricted to 15 cntase "Fuel-operated Vibratory Plate
Compactor" is used for compaction.

i) Thickness of layer shall be restricted to 10 cmcelse manual compaction with
improvised "Hand Rammers" is to be done.

j) Water shall be uniformly sprinkled over the layiéit is dry. Rapid Moisture Meter may
be used to determine the moisture content in therldine spray nozzle or gardener's
cans be used for adding water. Compaction shadfepbly, be done to 95% Proctor
density (viz maximum density corresponding to OM&3).explained above.

k) During placement of layers, clods & stones of &rger than 7.5 cm (viz. 3 inches) shall
be hand-picked and removed from each layer.

l) Extra width of about 15 cm shall be laid in eachetaand compacted to ensure full
compaction of designed section. The extra earttfilll be later trimmed to the designed
slope and the earth re-used.

(i) Quality Control Tests & DocumentatiorStandard Proctor Density Test shall be
conducted once in the "borrow area". Density thatl$e made in each layer and/or one
test for every 150 iof earthwork placed and compacted. These test®are properly
documented in a permanent page-numbered register.

D) Borrow Pits:

As far as possible, all suitable soil from the exetens shall be used in backfill of structures
and in the raising / strengthening of embankmentsase sufficient quantity of suitable soil
is not available from such excavations, the balajuamtity shall be brought from the "borrow
areas/borrow pits", duly approved by the Engineer.

Procedure:The following broad guidelines shall be followed riespect of opening of the
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borrow pits:

a) No borrow areas shall be taken on roads, villageks etc.

b) No borrow pits shall be dug within 3 m of the tdecanal embankment.

c) The top layer of earth having grass, roots, vedetamatter of any kind, and any
undesirable material shall be stripped to a swetatgpth, say, about 7.5 cm or so.
Moisture content of soil in the borrow area shalldetermined either by "oven or stove
drying method" or by using "Rapid Moisture Meter".

d) Borrow areas shall be moistened / watered whenreddemoisture content is less.
Depth of borrow pits be restricted to, preferablp0 m.

e) Density tests of soil in the borrow area shall beducted by either the "Core Cutter” or
the "Sand Replacement" methods to determine maxidmyrbulk density.

f) In Case, determination of maximum dry bulk den§i§DBD) and optimum moisture
content (OMC) is not easily feasible, these shalabsumed as per the following Table
(as per United States Bureau of Reclamation Guies)i

S.No. Soil Classification Average propertiesSofl
MDBD OoMC
1. Clayey Gravel >115 Ibsift <14.7%
2. Silty Gravel >114 |bsht <14.5%
3. Clayey Sand (115 %) Ibs/ft (14.7+0.40)%
4. Silty Sand (114 1) Ibs/ff (14.7+0.40)%
5. Clayey Soils (108 1) Ibs/ft (17.3+0.30)%
The symbol > denotes ... greater than, & < denotes..... less than.

Thus, in the absence of any tests, the followingesmay be adopted:

For clayey sand / silty : MDBD = 114 Ibs/fr 1800 kg/m3 & OMC = 14% sand/clayey
gravel/silty gravel

For clayey soils (other than fat: MDBD = 107 Ibs#ft 1650 kg/m & OMC= 17% clays
or swelling black cotton soils)

g) Layers can be laid and compacted at about + 2% MCQlepending upon the
atmospheric conditions and nature of soils. Thevabealues of MDBD may be
assumed as "Proctor Density" and the actual "icepfeeld densities” after compaction
of earthfill (placed in layers) shall, preferabhg 95% MDBD's.

h) After the use of borrow area has been finally diticwed, the overburden and any
other unsuitable material previously laid asidellda replaced in the pits, spread and
leveled. The sides of borrow pits shall be gradedl the whole area shall be left in a
tidy state to the satisfaction of the Engineer.sTikiin the context of "environmental
requirements”. To avoid formation of pools in th@rbw pits, drainage ditches from
borrow pits to the nearest outlets/depressiond bhaxcavated. The objective being to
ensure proper drainage.

E) Construction of New Embankment:

The procedure is the same as has been outlinecedbgvara (c) above in respect of the
raising/strengthening of existing embankments. dipad focus shall be on "compaction of
earthfill, which is of paramount importance for dpterm integrity and sustainability of the
embankmentTurfing shall preferably be done on slopes torené formation of rain-cut and
gulleys. If the embankment is for storage of watee,water side slope shall be provided with
stone revetment and the down stream slope shalirbed with the locally available grass /
shrubs.

Compaction of cohesive soils (viz clayey sandy stind, clayey gravel, silty gravel, clayey
soils etc) shall be done to 95% proctor densityrebpect of cohesion less soils (sandy soils,
sandy gravelly soils) compaction shall be doneS&6Gelative density with the addition of
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sufficient water in each layer and compacted by haeical tampers / power rollers /
vibratory plate compactors or by hand rammersh@gf quantum of work involved is small).
As outlined in para (d) above, the values of MaximDry Bulk Density (MDBD) and
optimum Moisture Content (OMC) for soils broughtrfr borrow areas may be assumed (in
the absence of conducting the requisite tests).fille in-place density tests of compacted
layers shall be 95% of the Proctor density assuvatites of MDBD. Rapid Moisture Meter
is used for quick on-site determination of moistooatent in the earthfill layers. Sprinkling
of water be done, if necessary, to bring the mogstontent within about + 2% of OMC.

F) Back-filling :
It is a very important item of work and is requiredl be carried out through systematic
procedure conforming to acceptable quality standard

Procedure:

a) No back-filling behind walls and structures shadl @dommenced until and unless the
work has been completed, inspected, and approvéuebingineer.

b) The area to be back filled shall be fully clearddalb objectionable material, like
vegetation, spill-over concrete, spill-over mortaggetation, scrap, stones & any
other debris.

c) Back-fill soil to be used shall be approved by Erineer. The soil shall neither be
too wet nor too dry. If too wet, it shall be alladvio dry; and if too dry, water shall be
added.

d) The back-fill soil shall not contain any dead vedgieh and clods or material of more
than 7.50 cm size. Such over-size material shafidmel-picked and removed.

e) Back-filling shall be commenced only after the sfied curing of structure (against
which back-fill is to be placed) has been complet&l wooden or steel scrap be
removed from the back-fill area.

f) Back-fill soil shall be placed in layers and suelydrs shall be brought up evenly
around the structure. Thickness of each layer ibdaestricted to 15 cm in case
mechanical tampers / fuel-operated vibratory platempactors are used for
consolidation. In case manual compaction througidhammers is to be done, the
thickness of layer is to be restricted to 10 cme iand rammers shall, preferably, be
about 3 kg in weight. Various types of hand ramnmwas be made locally. Such
rammers may comprise of: wooden blocks (of, say,c20by 15 cm by 15 cm
provided with a wooden handle); or a circular ¢gast base plate with an iron handle;
or steel channels/I-section beams welded togethierarsteel handle etc.

g) Each layer shall be well consolidated before the fegyer is placed. Compaction of
back-fill to 90% maximum dry density shall be ressloly adequate. (Refer to be
assumed values outlined in para (d) above).

h) The back-fill layer in the immediate vicinity ofdlstructure shall be compacted by
hand rammers, say, in a width of about 30 cm, beéyelnich fuel-operated vibratory
plate compactors can be used for compaction, iflahle, to avoid any damage to
structure.

i)  Where the back-fill soil to be used is cohesiors lEsmndy/sandy gravelly etc.) each
Iaye:n[iae fully saturated with water and consolidat® a bulk density of about 1900
kg / nt.

j) Itis to be ensured that the procedure outlinedsali® meticulously followed and that
the soil is not dumped haphazardly against thetire and is not allowed to remain
loose.
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3.2.CONCRETE WORKS

3.2.1 The concrete mix shall consist of cement, graded &nd coarse aggregates, water, well
mixed in a mechanical mixer, duly maintaining tipedfied water cement ratio (W/C), and
consolidated well after placement at site. Only whibe quantity is very small, and in
exceptional cases, hand mixing of concrete mixadgmts shall be allowed by the Engineer.

3.2.1 (i) Cement:
Cement shall be procured from reputed manufactultesball be of Grade M43 or M53. A

certificate should be obtained from the manufactab®ut its essential characteristics such
as: initial setting time, final setting time; finess; 28 day compressive strength, soundness,
consistency; sulphate content etc.

Ordinary Portland Cement (OPC) shall normally bedusn all works. Sulphate resisting
cement or Portland Slag cement (with slag contesrienthan 50%) shall be used in such
situations, which in the opinion of the Engineer axposed to sulphate attack. It has been
experienced that the Portland slag cement (with stantent of more than 50%) exhibits
better sulphate resistant and chloride resistagegties.

3.2.1 (ii) Concrete Aggregates:

a) Fine Aggregate (Sand)it shall be well graded and have a fineness mexdaf 2.2 to 2.8.
It shall be tested for the presence of any organfurities. It shall also be tested for the
presence of silt & clay content. Sieve analysidldfeacarried out to determine the grading
and fineness modulus. Sand must be well graded avittaximum size of 4.75 mm. Well
graded sand is essential to impart good workabditg finish to the concrete mix. The
gradation requirement of sand for concrete is imigid below:

Mechanical Analysis of Sieving

Sieve Size Percentage Passing for
Grading Grading Grading Grading
Zone | Zone Il Zone Il Zone IV
10 mm 100 100 100 100
4.75 mm 90-100 90-1 00 90-100 95-100
2.36 mm 60-95 75-100 85-100 95-100
1.18 mm 30- 70 55-90 75-100 90-100
600 micron 15-34 35-59 60-79 80-100
300 micron 5-20 8-30 12-40 15-50
150 micron, 0-10 0-10 0-10 10-15

Sand of zone | is the coarsest, followed by zoheldl 1& 1V in order of coarseness. Zone
IV Sand shall not be used in the reinforced coecvatrks. Sand shall be free of organic
impurities. The cumulative percentage of silt &cfaesent in sand shall not exceed 3%. If
moist sand is used, its "bulkage" test shall bedooted. The maximum bulkage allowed is
20%. Allowance for bulkage shall be made by adaimge sand and reducing the quantity
of water in the mix. The allowance to be made fdkéage is tabulated below:

TABLE
Bulkage determined in moist Allowance to be made
sand
Less than 5% NIL
5to 10% 5%
10 to 15% 10%
15 to 20% 15%
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b)

Procedures for conducting quality control testssand are explained in the section on
Quality Control Tests. These tests include: gradatfineness modulus; bulkage; organic
impurities; and determination of silt/clay conteAll these tests must be conducted and
recorded.

Coarse Aggregate The coarse aggregate shall be hard and well drerdproduce a dense
concrete of the specified strength and consistehay will work readily into position
without segregation. It shall be tested for gramgtwater absorption, and also for impact
and abrasion values if requisite testing equipmienavailable (for testing impact &
abrasion). It should not absorb more than 5% w&eading shall be assessed through sieve
analysis. Course aggregate comprises of all aggrematicles of size more than 4.75 mm.
The maximum nominal size of aggregate shall be B0wen used in the mass concrete.

For almost all works in the EIRP, 40 mm and 20 mige saggregate shall be used.
Aggregate of maximum nominal size of 20 mm sizdldfeaused in the reinforced concrete
works. The aggregate shall be free from silt, ctiyst and other impurities. The grading
shall broadly meet the following requirement.

. . % Passing by weight for graded aggregate of norsizal |
Sieve Size 5 mm 20 mm 16 mm 12.5 mm

63 mm 100 - - -

40 mm 95-100 100 - -

20mm 30-70 95-100 100 -

16 mm - - 90-100 100
12.5 mm - - - 90-100
10.0 mm 10-35 25-55 30-70 40-85
4.75 mm 0-5 0-10 0-10 0-10

3.2.

3.2.

The gradation test of coarse aggregate is explaimbdexamples in the Section on Quality
Control Tests.
1 (iii) Water for concrete:

Water used for mixing and curing shall be clead ftee from injurious amounts of oils,
acids, salts and organic materials. Potable wateconsidered satisfactory for mixing
concrete. In case of doubt about the suitabilitymater proposed to be used, it shall be
ascertained by the compressive strength as outtiakdyv:
"Average 28 days compressive strength of atleaseth5 cm concrete cubes prepared with
water proposed to be used shall not be less th@#ddQhe average of strength of 3 similar
concrete cubes prepared with distilled water." Atbe pH value of water shall be not less
than 6. Accordingly, the water samples shall beetewith pH meter.

1 (iv) Concrete Mix:

i Proportioning of concrete mix in small jobs shaldone by volume batching in view of the
small magnitude of works. Accordingly, measuringkdé® shall be used for batching the
mix ingredients. Water shall be added from a catdxt container in litres. (one litre of
water weighs 1 kg). The measuring boxes shall medsioned corresponding to one bag of
cement and knowing the bulk densities of sand and $0 be actually used in the concrete
mix. Design mix concrete shall be used in all otwerks/jobs and proportioning shall be
done by mass.

i Measuring boxes/gauge boxes for volumetric batchafgcement, fine and coarse
aggregates are illustrated in sketch A. The woadeasuring boxes may be dimensioned as
30cm X 30cm X 37.25 cm to hold one bag of cemenivedent to 1.2 cubic feet volume.
To add measured quantity of water, water contaiaegscalibrated as shown in sketch A.
Such wooden measuring boxes/gauge boxes shouldaldeployed for the preparation of
cement mortar to be used in the masonry construeina plastering jobs. ( Sketch ‘A’ at
Page No0.28)
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SKETCH A

=

Volumetric Balching of Concrele mix INgredients by Measuring Boxes.

_NOTES

o The Measuring Box Shall be made
T hold ONE BAG of Cement -

o One Bay ofco.mmt‘ wrujhs S0 Ky

In Volume, One Bag of cement [s

equivalent To 12 cubicft.

¢ The dimensions of Mea.surini Box

mabe

Lo,ng‘ik X Wl x Height
14 <Binches X 121nches X 12 inches

o7 372+ 5mm x 3¢0mm x 300 MM
(T form a velume of 1-2 cft)

Wooden Mwwnng Box
Gauga, Box

¢ A=y e
s Y

o

an

(0
[Calibrafed_wdler Containers |
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a) The class of concrete or grade of concrete tosee shall be as shown on the drawings. The
concrete is classified on the basis of its compressgrength at 28 days as shown below:

Concrete Class / Grade | Cube strength at 28 days (kg/cf) Mix proportion
M 25 250 1:1:2
M20 200 1:15:3
M 15 150 1:2:4
M 10 100 1:3:6
M 7.5 (lean concrete) 75 1:4:8
M 5.5 (lean concrete) 50 1. 6: 12 (approx.)

b) Minimum Cement Content, Maximum Water - CementidR& Minimum Grade of
concrete for different Exposure conditions with rs@aaggregate of 20 mm Nominal Mix

size.

Besides the importance of 28 days compressivengttieof concrete cubes (as an
acceptance criteria) durability of concrete is atgw a very important requirement. A
durable concrete is one which performs efficieridlly a very long period in the exposure
environment in which it is constructed. One of thest important factors influencing the
durability of concrete is its permeability to thegiess of water, oxygen, carbon dioxide,
chloride, sulphate etc. A low permeability of caeter is achieved by having adequate
cement content, sufficiently low water-cement radod by ensuring good compaction of
concrete, and by adequate curing. various expasungitions are:

No.

Environment /
Exposure

Exposure conditions

Mild

Concrete surface protected against weather
aggressive conditions.

Moderate

Concrete surfaces sheltered from severe rain

Concrete exposed to condensation and rain

Concrete continuously under water.

Concrete buried under ground water / non-
aggressive soil

Severe

Concrete surfaces exposed to severe rains

Concrete surfaces exposed to alternating wetting
drying & severe condensation

Concrete completely immersed in sea water and
exposed to coastal environment

or

Very Severe

Concrete exposed to sea water spray, exposed t
corrosive fumes or severe freezing conditions wiakst
Concrete in contact with or buried under aggress
sub-soil/ground water.

O

ive

Extreme

Concrete exposed to tidal waves / zone; &

Concrete in direct contact with aggressive chemi

cal
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Concrete surfaces of concrete lined channels gresexl to alternate wetting & drying and,
therefore, comes under the category of "Severeitons!'.

The minimum cement content, maximum water-centatib, and minimum grade of
concrete under various exposure conditions is &edlbelow:

Plain concrete Reinforce concrete
Minimum | Maximum o Minimum | Maximum o
S. Minimum Minimum
Exposure cement water- cement water-
No. Grade of Grade of
content cement content cement
5 ) concrete 5 . concrete
(Kg/m) Ratio. (Kg/m?) Ratio
i) [Mild 220 0.60 M10 (1:3:6) 300 0.55 M 20
i) Moderate 240 0.60 M 15 (1:2:4) 300 0.50 M25
i) Severe 250 0.50 M20 (1:1.5:3) 320 0.45 M 253M1
iv) Very Severe 260 0.45 M20 (1:1.5:3 340 0.45 M3
v) |Extreme 280 0.40 M 25 (1:1:2) 360 0.45 M40

Adjustments to Minimum Cement Contents for Coargggr&gate other than 20 mm

nominal maximum size:

aggregate size (mm)

S. Nominal Maximum coarse

Adjustment to minimum
Cement Contents (Kg/n

No.

i) 10mm + 40 Kg/m
ii) 20mm 0

iii) 40mm -30 Kg/ni

Note: No reinforced concrete shall be of grade teaa M 20. In respect of concrete works
in EIRP, it may be adequate to assume "Severe't@nwient / exposure conditions. In this

context, the minimum cement contents and maximui@ ¥&fio work out to be:

Plain Concrete

Reinforced Concrete

Cement content 250 320
(Kg/m®)
Max water-cement 0.5t00.6 0.45t0 0.50
ratio

Grade of concrete M 15/ M 20 (1:1.5:3)

viz compressive strength

days should be 150 / 200 kg/eém

r

M 25 (1:1:2)

at 28/iz the compressive strength at 28 days shg
be 250 kg/crh

uld

Cubes should be tested of concrete mixes with aborenum cement contents and water-
cement ratios. If the 28 days compressive streagiiieved work out to be 150/200 kgfcm
& 250 kg/cnt respectively, it is OK, otherwise increase the eetitontent.

30



d)

In view of adoption of volumetric batching, the cogte mixes may involve higher cement
content than the "designed mixes" based on praponty of mix ingredients by weight. It
may be adequate to increase the cement conten@bbyt 10% (viz to increase the
tabulated cement contents by about 10%). Cemertenbim the concrete mixes shall be
such as would meet the durability requirements. Argessive cement used in the mixes
would be un-economical, besides causing thermakirg.

Consistency/workability of concrete Mix: The consistency shall be such that the concrete
can be easily placed and compacted without segoegait materials. The resulting concrete
should be free from honey-combing. The consistefcgoncrete, as determined by the
slump test, should be within the range 50 mm to MM viz "medium degree of
workability".

Mixing of Concrete: Concrete mix ingredients shall be mixed in a maats mixer. All
ingredients (viz cement, sand, coarse aggregatelsiding water shall be thoroughly mixed
together before any portion of the mixture is d&gged. The ingredients shall be mixed in
the mechanical mixer for atleast 2 minutes. Th&eguantity of water shall be put in the
mixer before one-fourth of the mixing time has skegh The mixer shall be cleaned before
commencing mixing and shall be kept free from seiccete.

In exceptional cases when the quantity of conageteery small, the Engineer may allow
hand mixing of concrete. Hand mixing shall be donea smooth and hard platform. The
whole of the aggregate, sand and cement shallrhedwver on the platform in a dry state
atleast 3 times, keeping the central portion oftithap depressed. Water from a calibrated
container shall then be added gradually after wthehmaterials shall again be thoroughly
turned over in a wet state atleast 3 times be#ddag the mix to the placement site.

e) Water-Cement Ratio: It is one of the key elements for a durable andndoconcrete.

f)

9)

Accordingly, it should be maintained at correct gfied value. High durability is
associated with low water-cement ratio. Co-effitieh permeability increases rapidly for
water-cement ratio in concrete higher than 0.59.60. Higher permeability of concrete
makes it porous, there-by, allowing easy ingressvater, carbon dioxide, sulphates and
chlorides into the concrete and initiating its diet@ation rapidly. Higher W/C ratio reduces
the compressive strength of concrete. An exced49%f water shall reduce the compressive
strength by about 15% and an excess of 30% watdreirconcrete mix shall reduce the
strength by about 50%.

As brought out in the Table under Para (iv) (b Water/Cement ratio for 1:2:4 (M 15
grade) be kept as; 0.60, that of 1:1.5:3 (M 20 gyas 0.50; and that of 1:1:2 (M 25 grade)
as 0.45.To maintain such W/C ratio and achieve good contipa®f concrete (in narrow
forms and congested reinforcement), proper mechbribrators (needle type vibrators)
shall be deployed. Manual compaction of concrete (ofi low W/C ratio) through rodding
poses problems. In such cases, workability (viadity) of concrete shall need to be
increased even by sacrificing the compressive gthersome what since inadequate
compaction could cause air voids and honey-combirte concrete, which is not at all a
desirable features. An increase in water contenthm concrete mix to increase its
workability/fluidity must be accompanied by a profjmnate increase of cement, if strength
is to be maintainedf wet or moist sand is used, increase its qtyably approximately %
of bulkage and reduce the quantity of water by almbe same amount as the % of
bulkage.

It is essential that sieve analysis of sand ayatse aggregate is carried out. The natural
sand gravel mixture / sand aggregate mixture shooide used by the contractor without

screening and washing. The fine and coarse aggregast be stacked separately after
screening. This is an essential requirement ofitguzdntrol.

Placement, compaction and curingBefore placing concrete, the site must be cleallof
debris, loose material, rubbish, vegetation etmddete shall be placed and compacted as
soon as possible after it has been mixed with wentdrbefore the initial set of cement viz
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30 minutes. Concrete shall be placed in layers5oérh to 30 cm for reinforced work and
upto 45 cm for mass concrete. The layers shalldeed in quick succession to prevent any
separation between the layers. Each layer is toldvated with a mechanical internal needle
type vibrator. In very small works, adequate roddshall be done for compaction of
concrete.

Concrete shall not be thrown from a height of ntbe: 1.5 m when brought in hand baskets.
When dumped or dropped from a chute, the directibiits fall shall be vertical. When
concrete is to be placed more than 1.5 m belowrgtdavel, chutes shall be used. Chutes
could be of semi-circular shape of wood lined iesiith a sheet; or these could be semi-
circular sheet pieces joined together and fixed sibpe of 1 (H):2 (V). The delivery end of
chute shall be as close to the placement poinbasilpe. The chute shall be kept moist with
water just prior to the delivery of concrete.

The concrete shall be placed in convenient liftarying from 60 cm to 90 cm, depending
upon the capability of concrete production, placethend compaction. Concrete surface
shall be given a steel trowel finish upon completid placement of the lift. In small jobs, the
finished surface shall be manually nicked (viz memlegh with a chisel or pointed steel rod)
after about 6 hours of completion of placement afidlaitance (viz fine mortar layer)
removed and the coarse aggregate exposed. Thecesubta washed with water. In the
construction of big bridges, culverts and otherssaitially bigger jobs, an air-water gun shall
be used to remove the laitance. This is known aermgrcutting of concrete. Next lift of
concrete shall then be placed over the surfacepirepared.

Curing: It is very essential to do adequate curing of cetecto enhance its durability.
Inadequate curing not only reduces the strengttoo€rete but also increases its permeability
there-by making it vulnerable to attacks by the caphmeric water, carbon dioxide etc. and
making it weak. Inadequate curing causes spallingr&cking of concrete. Accordingly,
exposed surfaces of concrete shall be kept conislyan a damp or wet condition by
covering the same with sacks, canvas, hessiamdasmaterial for a period of 28 days.

h) Frequency of sampling of concreteNo. of samples to be taken from each grade of
concrete shall be broadly as under:

Quantity of concrete in the wo No. of samples to be taken for testing

(m?)
1-5 nt 1 No.
6-15 7 2 Nos.
16-30 mi 3 Nos.
31-50 m 4 Nos.

4 plusone additional sample for each additional 5

51 nt and above
concrete or part there-of.

3 test specimens (viz cubes) shall be cast femoh sample for testing at 28 days.
Additional specimens may be cast for testing aaysdif so desired. The test results of
sample shall be the average of the strength oé8isens.
For ordinary portland cement concrete (OPC), cosgive strength at 7 days is about
75% of the strength at 28 days; and the compressigagth at 3 days is about 33% of the
strength at 28 days.

i) Acceptance Criteria of the Cube Compressive Strenfit Any individual test result shall
not be less than 80% of the strength of the res@egtade of concrete viz for M20 grade
concrete (1: 1.5:3), the individual test strengdtlalisnot be less than 160 kg /&nThe
average strength of all samples shall however 06ekg/cn.
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3.3 REINFORCEMENT

3.3.Tested quality of steel reinforcement bars shallused. The Contractor shall furnish test
certificates of steel to be used in the works. Regement of the shape, size/dimensions shown
on the drawings shall be used.

3.3.1 Cutting, Bending, and Binding of Reinforcement:

a)
b)
c)
d)

e)

f)

Reinforcement steel bars shall conform accuratelfthe dimensions given in the bar
bending schedule' shown on the relevant drawings.

Bars shall be bent cold to the specified shapedameénsions by a bar bender by hand or
power to attain the proper shape and specifiedisaafi bends.

Bars bent during transport and handling shall be&gitened before being used. The bars
shall not be heated to facilitate bending.

Reinforcement bars available from any rejectedfoeded concrete shall not be used.

The radii of bends in main reinforcement bars shatlbe less than 4 times bar diameter for
plain mild steel bars or 6 bar diameters in defatrbars. Radii of bends for stirrups shall
not be less than twice the dia of round bar.

Where reinforcement bars are bent aside at thetrootion joints, and, afterwards bent
back into their original positions, it shall be ered that at no time is the radius of bend less
than 4 bar diameters for plain mild steel or 6 thameters for deformed bars. Also care
shall be taken that concrete around the bars idaroaged.

3.3.2 Placing of Reinforcement

a)

b)

c)
d)

Before the reinforcement is placed, the surfacaldiars shall be cleaned of rust, loose mill
scale, dirt, or any other objectionable matter.

All bars shall be placed in exact position showntlmdrawing, and shall be securely held
in position by binding wire, and by using metal ichaconcrete spacers at sufficiently close
intervals. Pieces of broken stone, or brick, or eoblock shall not be used.

Wire for binding reinforcement shall be soft mikgal of 16 gauge (1 mm dia) Special care
shall be taken to prevent any displacement of oetgiment during concreting.

It must be ensured that "Concrete Cover", as iteétan the drawing is provided. All bars
protruding form concrete and to which other baestarbe subsequently spliced and which
are likely to be exposed for a long period shalglven a coat of heat cement grout.

3.3.3.Minimum distance between individuals bars Horizontal distance between 2 parallel

main reinforcement bars shall usually be not Ikas the greater of the following:
i diameter of the bar if diameters are equal;
i diameter of the larger bar if the diameters arequak
il 5 mm more than the nominal maximum size of coaggeemate.
Size of coarse aggregate may be reduced arangdsted reinforcement.

Wherever, there are 2 or more rows of bars, the shall be vertical in line and the
minimum vertical distance shall be 15 mm or twadhiof the nominal maximum size
of coarse aggregate, or the maximum size of bdrighsver is greater.

Where it is necessary to splice reinforcement,ghieces shall be made by "lapping"
duly tied by the binding wire. Normally, reinforcemt bars of 25 mm or less are
lapped. Reinforcement bars of 28 mm in diameter langer may be "connected by
"butt welding". However the Engineer may allow spig by "lapping" if found to be
more practical than "butt welding” and if "lappinglbes not encroach on .cover
limitation or hinder concrete placement.

Tolerance on placing of reinforcement: The reindmnent shall be placed within the
following tolerances:-

(i) for effective depth - 200 mm or less +20 mm

(ii) for effective depth - more than 200 mm =+15mm

33



Tolerance for nominal coveActual concrete cover shall not deviate from thecsfied
nominal cover by + 10 mm. The actual cover shallb®less than the specified cover
in any case, viz "zero-tolerance". That is, theezaan be more but in no case less than
the specified cover.

Nominal Cover It is the designed depth of concrete cover to ihi@forcement.
Minimum values for the nominal cover to be providéa all reinforcement,
corresponding to the various exposure conditiomsiisned below: -

Exposure Condition Minimum Nominal Concrete Cover(in mm)
(viz. cover to be not less than)

Mild 20mm

Moderate 30mm
Severe 45mm
Very Severe 50mm
Extreme 75mm

Important: Nominal cover or cover thickness is the single miosportant

3.4.

a)

b)

d)

e)

f)
9)

"durability parameter'. The provision of sufficiemtover of concrete to the
reinforcement is the most important aspects of gmérg corrosion of reinforcement.
Of course, the concrete has to be dense, wellteithyand well cured. It is of utmost
importance that the Engineer or his representathecks the cover of reinforcement
when it has been erected to be sure that it corgfotonthe cover specified in
drawing/specifications. Furthermore, it is to beeaked that spacers/steel chairs are
adequately provided to ensure that the cover islisturbed during concrete placement.
Any reduction in cover shall cause early deternmmabf concrete, thereby, reducing
the useful life of the structure.

FORM WORK

The formwork shall conform to the shapes, lines dimdensions of structures shown on the
drawings. Where the concrete finished surface @osad, the formwork shall be of good
quality and free of any gaps. The condition of faork influences not only the appearance of
the structure, but also reflects its quality & wamnship in construction. The use of good
timber formwork and the steel formwork enhances appearance of concrete. It should be
recognized that it is not economical to use poaliguformwork. Too often, any savings from
the use or injudicious re-use of poor quality timbrmwork are negated by time consuming
manual labour in repairs and final dressing ofcitne to an acceptable appearance.

The contractor shall furnish the details of propbg®mwork to the Engineer for his approval.
The formwork should either be of good quality timige&ith a smooth inner surface free from
any gaps) or of steel.

The face of the formwork which is to be in contsitall be thoroughly cleaned, and treated with
form oil (or any suitable release agent). The faiimshall be applied so as to provide a thin
uniform coating to the forms, without coating tleénforcement. It is needed for easy stripping
of formwork after the concrete has been placed.

Formwork shall be sufficiently rigid by the prowsi of ties and bracings to withstand the
pressure resulting from concrete placement andatidor without deflection of the formwork.
Suitable struts or stiffeners shall also be usednske the formwork sufficiently strong to
prevent any displacement or sagging of the formwork

The formwork, after it is erected, shall be critigghecked for its tightness. If the forms are not
tight, there will be a loss of mortar from the croate, which shall result in "honey-combing" or
a loss of water, which will cause sand streakinglgaockets in concrete.

No concrete shall be placed in the formwork ti# #8ngineer or his representative has inspected
it and given OK signal to proceed with concreteptaent.

Use of internal vibrators for compaction of conere¢quires that the forms are strong. Full

34



rigidity of forms is of paramount importance, aseebulging may occur by the pressure of
concrete during its placement.

h) To ensure that no ugly off-sets occur at the hatalo construction joints between the
successive lifts of concrete, the formwork showddfiied snugly against the top of concrete in
the previous lift and securing it so as to remaitight contact during the concrete placement.
The anchoring shall be done by using ample numbé&e® and bolts above and within a few
centimeters of the construction joint. Formworklsbaerlap the hardened concrete in the lift
previously placed by about 50 mm. This will enstlrat the construction joints are smooth and
free from sharp deviations and projections.

i) Occasionally, spalling of concrete may occur frdra tace of the concrete when formwork is
removed. This is often caused by rough spots oriatmwork where mortar adheres strongly
enough to overcome the tensile strength of thengceacrete. It is essential that such areas on
the, forms are cleaned and then covered with daifabm oil.

i) Wire brushing of timber formwork shall be done riegly to remove the set mortar. The forms
required to be re-used more than once shall betaiagd in a good condition and shall be
regularly cleaned and repaired before re-use.

k) The forms shall be stripped only after the conchete achieved adequate strength. Following
guidelines shall be adopted for stripping of therfs:

Type of Formwork Minimum Period before
Stripping of Formwork

Sides of beams, walls, columns 16 - 24 hours
Forms from beneath the slabs (spanning upto 6m) dayd

Forms from beneath the slabs (spanning above 6 m) 1 Da¥s

Props to slabs (spanning upto 4.5 M) 7 Days.
Props to slabs (spanning above 4.5 M) 14 Days.

3.4.1. Quality Assurance of Formwork A good quality formwork shall ensure good coneret
finish without any bulging, depressions, protrusiomollow sand pockets, or honey-
combing. The Engineer or his representative shiltally check the formwork and pay
special attention to the following item: -

a) Preparation of surface of forms; smoothness; vaaf set mortar/concrete;

b) Alignment of forms;

¢) Form oil application to forms;

d) Adequacy of the provision of ties, struts, bradingssess the rigidity of forms;
e) Tightness of formwork;

f) Overall cleanliness from within the formwork priorplacement of concrete;
g) Final O.K. for concrete placement.

3.5. STONE MASONRY WORKS

3.5.1The stones used for masonry shall be of hard tyasied free from decayed and weathered
portions, flaws and cracks. The size of stonesl &lgakuch that at least 75% stones are not
less than 15 cm in any direction (though 20 cmlidiepreferred) and weighing not less than
about 25 Kg to 30 Kg each. It shall be better s few sample stones for water absorption. A
stone when kept immersed in water for 24 hoursl stedlabsorb more than about 5% water
of its weight. The stones and quarry from wheredfomes are to be brought shall be subject
to the approval of the engineer. The types of m@saonstruction shall conform to the
drawings viz. 1:5; or 1 :4; or 1:3 (cement-sandpprtions by volume).

3.5.1.1.Cement Specifications of cement are the same as of ceverks. Cement shall be
obtained by the contractor from reputed manufacsurde shall obtain the requisite test
certificate from the manufacturer or their agend dnrnish the same to the Engineer.
Cement shall, preferably, be of grade 40 or more.
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3.5.1.2._Sandlt shall be washed and screened and the maximzenosiparticles being limited

to 4.5 mm. It shall be free from organic impuritees well as silt and clay. It shall not

have silt & clay more than 3% by weight. If moistidp sand is used, its bulkage be
determined and allowance made in the mortar, asbbas explained in the item of

concrete works. Grading of sand for masonry woedlstonform to the following:

Grading of sand for masonry work

Sieve size % passing by weight
4.75 mm 100

2.36 mm 90 -100
1.18 mm 70 -100

600 micron 40 - 100

300 micron 5-70

150 micron 0-15

3.5.1.3 Water It should be free from objectionable quantitiéssiit, organic matter, and other

impurities. Potable water is suitable. pH value avaghall not be less than 6, and
acceptable range is 6 to 9.

3.5.2. Job — specific specifications and Proceduréor Construction of stone Masonry

a)

b)

c)

d)

9)

h)

k)

structures / Walls:

The Cement mortar shall consists of cement and, saixéd in specified proportions given in
the drawings and bill of quantities.
Cement and sand shall be mixed by volume; watdl Isbadded from a calibrated container.
Due allowance is to be made of bulkage of sandaistrsand is used. The mortar shall be
mixed intimately in a mechanical mixer to the maximpossible extent. Mixing time shall be
2 %> minutes to 3 ¥ minutes after the addition dfewa
In exceptional circumstances, when the work is roals magnitude, hand mixing may be
allowed by the Engineer. This shall be done on acdmwater tight platform large enough to
allow efficient mixing and turning over of the imglients before and after adding water.
Mixing platform shall be such that the water does flow out. Dry sand and cement shall
first be mixed thoroughly and water then added ga#iy and mixing continued until mortar
of required consistency is obtained.
Consistency of mortar (viz workability/fluidity) ali be in the range of the water cement ratio
of about 0.6.
The first batch of mortar at the commencement akwath any mix shall be made richer by
mixing 10% more cement over and above that reqdiaethe particular mix.
The stones shall be absolutely free from dirt aetl @leaned and washed before being laid.
Only such quantity of mortar shall be prepared &g as could be completely used up in
masonry within 30 minutes of mixing. Mortar thatm@ns unused for longer period than 30
minutes or becomes stiff or set shall not be ukesdhall be rejected and wasted. .
After the foundation is prepared, a full mortar ksthll be placed of about 12 to 15 cm
thickness. The stones shall be laid by hand widiti§ied mix of mortar.
The stones are to be wetted and surface dry wigiegblaid. The stones shall be solidly
bedded in mortar with close joints. No joint sheliceed about 37 mm (viz 1.5 inches) nor
shall be less than 12 mm in thickness. Chips ofiestcand rock spalls shall be "hammer
wedged" into the big interstices (viapg) between stones, wherever necessary, to
give maximum density to the masonry. No hollow spiado be left.
Every stone shall be set flush in mortar, shakehlFemmered down by a mallet to sink into
the mortar bedding layer. Spalls/chips to be uedl e carefully selected to fit tightly into
the interstices between the larger stones.
Additional mortar to be added to fill the interviegispace between larger stones shall be
well worked by a trowel and a steel bar of aboubf2 diameter and 0.60 m long to ensure
proper mixing and bonding with the bottom mortarela Putting chips/rock spalls into the
intervening space between the stones shall notobe #efore filling it with mortar and

36



m)

shaking it down to the full depth. Flat chips shadit be laid at the top. These shall be

driven with ends vertically down: Header and Strets shall be inserted.
Next mortar layer about 12 cm to 15 cm thicknessl ¢¥e laid and process of laying stones
continued as here-to-fore.
Mortar content: The mortar content in one cubic reneif masonry is expected to range
between 0.37 m3 to 0.43 m3; the average being asbtonbe 0.40 m3, viz 40%. The actual
consumption of mortar shall be recorded from dayd&y. A variation of + 3% may be
allowed. Variation of more than 3% on the loweresi@iz. lower than 37%) shall not be
allowed, being violation of specifications. Varati of more than 3% on higher side shall be
at the cost of the contractor.
The masonry shall be raised in courses, and theaoexse shall not be laid earlier than 24
hours after laying of the previous course. A maximaf 0.60 m high masonry can be
allowed to be raised in a day. Each course is glygflumbed and checked for verticality..
The top surface of each course shall be wire bdighi@emove excess mortar and keep the
surface rough to ensure good bond with the nextseoof masonry.
Curing of masonry: Curing of masonry shall commerdter about 4 to 8 hours of
construction (depending upon weather condition atdospheric temperature) and water
sprayed gently. All exposed surface of masonryl sleakept moist for a period of 14 days.
Note: Joints on the exposed face of all stone masoralf Ba neatly finished. The mortar in
the joints of stone masonry shall be raked (vizaesd) to a depth of 25 mm to 30 mm,
washed with water and cleaned of all loose moftthaereafter, the joints shall be filled with
cement mortar of 1:2 proportion viz 1 part of OR@ & parts of sand by volume or of 1:3
proportion.

3.5.2.1 Quality Control Tests Compressive strength tests of mortar cubes bleatonducted. A

minimum of 3 test specimens shall be made from ggrclass of mortar (viz 1 :5; 1 :4;
1 :3) and tested for their 28 days strength. Thegtance criteria of compressive strength
of 1:5; 1 :4; 1:3 mortar types is 50 Kg/gri5 Kg/cnf; and 100 Kg/crhrespectively.

3.5.3 Important Requirements of Masonry Constructia:

a)
b)
c)
d)

e)

f)
9)

h)
i)
)

k)

Clean the old masonry surface prior to startingex masonry with wire brush.
Do not place mortar which is too fluid viz whichebls excessively.
Prepare the mortar with sand and not with gravel.
Surface of masonry shall be rough to secure good between the successive courses/layers
of masonry.
Prepare the mortar, preferably, in a mechanicaemiand only such quantity of mortar shall
be prepared at a time as can be completely uséihv@® minutes.
Provide contraction joint at intervals of 15 meters
In the masonry walls, against the back-fill, previi00 mm dia weep holes at above 1.5 m
intervals, both vertically and horizontally in aagyered way (or as shown in the drawing)
with inverted filters on the back-fill side in area of 400 mm x 400 mm. Weep holes could
be PVC pipes of 10 cm diameter.
Cure the masonry for 14 days.
Not more than 0.60 m high masonry be raised inya da
Record the actual consumption of mortar in the tandon of masonry every day. For a
good masonry, average consumption of mortar peofmBasonry shall be 0.40 m3 viz 40%
with a variation of + 3%.
Proper gauge boxes shall be used in proportionirrgment and sand by volume. Volume of
cement may be reckoned on the basis of 0.034 mBamenf cement of 50 kg viz 1.20 cubic
ft per bag.
Mode of Mixing: First stage : 50 % requirement of water

. 50 % requirement of sand

Full quantity of cement

Second Stage : Balance Quantity of Sand
Balance Quantity of water
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In Mechanical mixing in Mixer, the mixing time shak at least 2 % minutes; and in manual
mixing, it may be extended to 3 %2 minutes.

The first batch of mortar at the commencement akwath any mix shall be made richer by
mixing 10% more cement.

3.6. STONE PITCHING/REVETMENT / RIP-RAP

3.6.11t is a common practice to use stone revetmenlfipig/rip-rap for the protection of channel
banks, river banks and also in short reaches wstr@nd downstream slopes of earthen
dams/embankments..
In order that the stone pitching/revetment/rip-r&mains stable, durable and functional
following guidelines/requirements should be impleted:

a) The quality of stones shall be as out lined in itemn 5 (Stone Masonry Works). Stones
bigger than 20 cm shall be preferred.

b) The subgrade/slopes on which stones are to beshailll be smooth and well consolidated.
Under no circumstances shall the stones be plated@ose subgrade.

c) Compactor or hand rarnmers shall be used for congpaof the subgrade; a thorough
consolidation is needed to avoid any subsequetlierseint of stones which could cause
collapse of pitching.

d) A graded filter 150 mm to 300 mm thickness shallpbevided on the subgrade prior to
placement of stones by hand. In small protectionkgoupto a height of 5 m, the graded
filter of 150 mm thickness is adequate and forhkeght exceeding5 m, the filter shall be
300 mm thick.

e) In the 150 mm thick filter, 75 mm shall consistsaind layer to be laid first on the subgrade
followed by 75 mm stone jelly (viz natural or creshrock of 10 to 20 mm size) laid over
sand layer. In the 300 mm thick filter, each lasfeall be of 150 mm thickness.

f) Purpose of graded filter is to prevent possible lissoil particles from the subgrade. If soll
loss occurs, it may cause slippage of stones.

g) The filter layers laid on the slopes shall be adéejy moistened with water and
consolidated. A very convenient and effective mdtlod compaction is to use the thick
stem of a date palm treSketch on Page No. 76)

h) Three or four person can go on consolidating ther flayers (duly moistened with water)
on slopes with stems of the date tree. The proadsdand placement of stones,
commencing from the bottom, shall then be taken up.

i) To prevent the sliding of the revetment/pitching tbe slopes, a toe protection shall be
invariably provided in the form of a key or trend® wall. The key or trench shall be
excavated to a depth of at least 1.5 times thérikigs of pitching and the stones shall be
laid in this trench and firmly bedded into the s€loand adjoining stones. The width of
trench could be, say 2 times the thickness of itgch

i) Revetment shall be properly anchored to the sublegbsth at the upstream end where it
commences and also at the downstream end wheme\tkament ends by providing keys
into the slopes(Sketch on Page No.70

k) The gaps between stones shall be filled with amgolek spalls through hammer-wedging
to securely fix these in place tightly. The thicka®f pitching or revetment is taken at right
angles to the subgrade surface.

[) If mortar revetment is to be provided (viz stonesded together with cement-sand mortar
of 1:3 or 1:4 proportion) it shall not be constectin a continuous or monolithic manner. It
shall be divided into panels of 3m x 3m and weeledishall be provided in each panel
(with an inverted filter 400mm x 400mm at the bafik) free drainage of water from the
subgrade.)

m) Reference be made of the following Table for brga@lance:
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Thickness of Revetment in mm

900 mm 750 mm 600 mm 450 mm 300 mm
Thickness of revetment 900 mm + 750 mm + 600 mm + 450 mm + 300 mm +
including fiter 300mm = 300 mm = 300 mm = 150 mm = 150 mm =

1200mm 1050 mm 900 mm 600 mm 450 mm
Maximum size of stone |, 2 0.50 i 0.25 0.125 0.031
in cubic meter (%)
Minimum size of stone ; 33 2 0.003 M 0.003 i 0.003 nf 0.003 n
in cubic meter (%)

3.7. PROVISION OF PROTECTION UPSTREAM & DOWNSTREAM OF
STRUCTURES

3.7.1lt is essential to provide protection in short heex both upstream and downstream of
structures to avoid any damages occurring to thuetsires through flow of water. The types
of protection include: dry stone revetment; stongsomry walls; grouted stone revetment;
concrete lining on slopes; or concrete walls. Tasighers shall decide the type of protection
(or selective protection, as it is called) propogedbe provided depending upon the
availability of requisite material and overall ecomy.

3.7.1.1The extent of selective protection shall confoonthte following broad guidelines:

(a) Where "fluming" of channels is involved:

(viz upstream and downstream of falls, aqaegsiphons, superpassages etc.)

i Small channels/Distributaries: Extent of selectpretection may be in 3 m reach
upstream and in 5 m reach down stream of strugtareas decided by the Design
wing.

i Branch canals: Extent of selective protection maynib m reach upstream and in 7.5
M reach downstream of structures, or as directethéypesign Wing.

(b) Where "fluming" of channels is not involved A\Wiridges, super-passages where fluming
is not involved).

i Small channels/Distributaries: Extent of selecpivetection may be in 3 m reach both
upstream and down stream of structures.

i Branch canals: Extent of protection shall be in 5reach both upstream and
downstream, or as decided by the Design Wing.

iii Except for the dry stone revetment. anv other wperotection from amongst the
types outlined above can be provided.

iv In each case, toe walls must be provided at ugstr@and downstream. Bed
protection shall also be provided.

3.8. RE-SECTIONING & STRENGTHENING OF CANAL SECTION S

3.8.1 Presently, almost all irrigation channels ardéa shape. The channels have lost their design
profiles, banks have eroded, beds are silted, &adnel sections have widened in several
reaches. Following Action Points are to be impletegérand requisite provisions made in the
cost estimates:

a) Jungle growth in the channel prism be removed. il@etasurveys be carried out; L —
sections and Cross — Sections be plotted; anduaetgm of earth work needed for re-
sectioning & strengthening of channel sectionsringbthese to the designed profiles
determined. This is an essential step. Detailede§grhave still to be undertaken by
the field engineers.

b) For re-sectioning / raising / strengthening of &mg earthen channel sections,
provision is to be made for benching the slopesuitable steps, earth fill placement in
layers, watering, and mechanized compaction withrgmriate compaction equipment
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(Viz 8 — 10 T Power Roller, 1 m wide Power RollerFuel — Operated Vibratory Plate
Compactors) depending upon the site situationsaradability of space.

¢) In case of non-cohesive soils, the layers are todogpacted to 65 % Relative Density.
Compaction of earthwork is of paramount importance

d) Provision for regrading the channel banks be maul# @ cross slope, say 1:80,
provided towards the rear side.

e) In Small Section Channels, provision for “cut & fihethod” may be made in order to
achieve effective compaction, as is outlined beltihne channel section is excavated,
say, in 500 m long reach; earth fill is placed agdrs in the full section, watered (as
required), and each layer compacted to 95 % Probemsity through deployment of 8
— 10 ton Power Roller, vibratory Power Roller / 1wade drum Vibratory Power
Roller. This process of compaction is continuedhtrigp to the top of designed section.
There — after, the compacted section is scoopedootite proposed designed section
and the scooped earth re-handled for use in the neexh taking into account some
wastage during re-handling.

f) Where CC lining is to be laid in the channels pagsihrough the swelling black cotton
soils, provision for CNS treatment of the sub-grad® be made prior to placement of
lining as per Indian Standard IS 9451: 1994. Théadsnof CNS material is to be in
accordance with the following tables.

3.8.1.1. Table 1 AThickness of CNS layer in canals carrying less th@umecs (70 Cusecs)

_ Thickness of CNS layer in Centimeters (minimum)
DISC?gL%ee;l;mecs Swelling pressure of Swelling pressure of BC Soils
BC Soils (50 — 150'/,,2 more than 156"/,.2 (**>"Yen?)
1.4-2.0 (50 — 70) 60 cm 75 cm
0.7 — 1.4 (25 - 50) 50 cm 60 cm
0.3-0.7 (10 — 25) 40 cm 50 cm
0.03-0.3(1-10) 30 cm 40 cm

3.8.1.2.Table 1B: Thickness of CNS layer in canals carrying more tl2e@umecs
(70 Cusecs)

Swelling pressure of BC Soif8/,,2 Thickness of CNS layer in
(*%en?) Centimeters (minimum)
50 - 150 (0.5 -1.5) 75 cm
150 - 300 (1.5-3.0) 85cm
300 - 500 (3.0-5.0) 100 cm

The CNS soils have to be non-swelling with a maxmmallowable swelling pressure of 10
N2 (010 "9, when tested in accordance with Indian Standad; 2720 (Part 41) —
1977.
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CNS saoils are to broadly conform to the following ange:

Clay = 15-20%

Silt = 30-40%

Sand = 30-40%

Gravel (of size greater than 2mm) = 0-10%

Liquid Limit = More than 30% but less than 50%
Plasticity Index = More than 15% but less tBafo

Note: In order to asses the extent of provision of CN8e cost estimates for the treatment
of sub-grade in swelling BC sails, it is essentiadetermine the swelling pressure.
Accordingly, a “crash program’ needs to be launcfadgetting the representative
soil samples tested for their swelling pressureftbe soil testing laboratories.

Cost estimates can be firmed up only if the “SwellPressures” are got determined
and borrow areas for obtaining CNS soil are ideuif

Provision for mechanized compaction of CNS soilelayto at least 95 % proctor
Density, though 98 % would be preferable is to laglenin the cost estimates.

3.8.2. Model Sections in Unlined channels:

In the irrigation channels proposed to be left Ued, “model sections” of either stone
masonry or concrete (x 30 cm x 30 cm) should beiged at intervals of say, 50 m, and at
closer spacing in curved reaches. (The spacingdo@ed in consultation with the Chief
Engineer).

3.8.3. Excavation of Tank Bund for Reconstruction birrigation Sluices :

When any irrigation sluice is to be re-constructeaition of earthen embankment on either

side of the sluice is required to be removed righto the bottom of the sluice / sluice barrel.

Provision should be made in the cost estimate foaeating the existing embankment to a

slope of at least 3 (H): 1 (V) on either side df #tuice, benching of the excavated slope; and
finally compaction of earth fill placed in layers $pecified density after the new sluice is

constructed. Effective bonding of new earth fillthwithe previous one is of paramount

importance.

3.9 CANAL LINING
3.9.1. Design of Cement Concrete Lining:
The lining is to be cast — in situ un-reinforcedneat concrete lining. Thickness of lining
may conform to either the Indian Standard, IS 3873993 or as per the US Bureau of
Reclamation practice, tabulated below.

3.9.2.Thickness of Un-reinforced concrete lining

a. As per US Bureau of Reclamation Standard / Practice

Discharge in cusecs Thickness of lining (inches)
0 — 500 Cusecs 2 Y% inches.
500 — 1500 Cusecs 3 inches
1500 — 3500 Cusecs 3 Y% inches
3500 — 7500 Cusecs 4 inches
7500 — 20,000 Cusecs 4 Y% inches
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b. As per Indian Standard IS 3873: 1993.

Discharge capacity Cumecs . -
(Cusecs) Depth of water (m) | Thickness of lining (mm)
0-5(0-175) 0-1m 50 — 60 mm
5-50 (175 -1750) 1-25m 60 — 75 mm
50 — 200 (1750 — 7000) 25-45m 75— 100 mm
200 — 300 (7000 — 10500) 45-65m 90 — 100 mm
300 — 700 (10500 — 24500) 6.5-90m 120 — 150 mm

Taking into consideration the various factors idahg economy and ease/ practicality of

placement, it may be appropriate to adopt a lininigkness of 70 mm for channels of

discharging capacity up to 175 cusecs and 75 mndigmharge beyond 175 cusecs to 1500
cusecs.

3.9.3.Cement :

43 Grade or 53 Grade Ordinary Portland Cement conifg respectively to Indian Standard,
IS 8112 and IS 12269 is to be used.

3.9.4.Cement Content and Water — Cement Ratio :

The concrete lining being exposed to alternateimgethnd drying during its functioning or
working life, comes in the category of severe expegondition as per Indian Standard, IS 456
— 2000. Accordingly, provisions of a minimum cemkavel of 250 kg / mof concrete mix be
made in the cost estimate of CC lining from “dulioconsideration”. Water Cement ratio is to
be restricted to not exceed the range, 0.55 — 0.60.

3.9.5.Maximum size of Coarse Aggregate:

Graded coarse aggregate with maximum nominal $#eA) of 20 mm, down graded to IS
grading is to be used in the concrete mix for 70mAb mm thick CC lining.

3.9.6.Air Entraining Agent (AEA) :
Provision for using AEA in the concrete mix for Gi@ing, be made in the cost estimate.
Concrete mix with AEA affords more “durability”, agell as better “workability (viz. fluidity)”

and better “finish”.

Graded fine and coarse aggregate are to be ughd toncrete mix and any slight deviation in
the requisite grading is compensated by air — gmirant in the mix by adding AEA.

3.9.7. Contraction Joints :
As a thumb rule, the spacing of both the longitatiznd transverse contraction joints should

not normally exceed 36 times thickness of liningatwid cracking of the lining surface in
between the joints.

Lining thickness (t Spacing of joints (36 x t)
70 mm 2520 mm, say 2.5 m
75 mm 2700 mm, or 2.7 m
100 mm 3.60 m, better to keep 3.0 m spaging

If the perimeter of canal section is less thanr,ho longitudinal contraction joints are to be
provided. However, transverse contraction jointsosg the canal section are to be provided
irrespective of the extent of perimeter.
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3.9.8.Consolidation of concrete :

Proper consolidation of concrete mix for CC linings being placed, is of paramount
importance. One of the most effective methods ciseprof deploying a “vibratory plate
device”, operated by a fuel — operated motor. Sudbvice can also be used for compaction of
the sub-grade of small section channels.

3.9.9.Cutting Grooves for Contraction Joints :

Grooves should be cut to the specified size whenctincrete is still plastic. At the time of
filling of the grooves with the sealing compourtkde should be thoroughly cleaned of all dirt,
mortar, or any set grout.

3.9.10. Curing of lining:

Curing is the most vital requirement in the cenwnicrete lining. Any slackness in curing or in
adequate curing shall weaken the lining and catsseadrly deterioration / cracking. Fool —
Proof curing is a MUST. In case adequate waterringwf both the bed and side lining is
assured, it is ideal. Alternatively, provision sltbbe made for curing of bed lining by water
(though construction of small height earthen buaigd ponding water) and the curing of side
CC lining by application of “membrane — forming ity compound” to ensure  fool — proof
curing.

The curing compound should be white pigmented pf@ped quality conforming to ASTM —
C — 309 — 81 Type — 2. This should meet the remere of water retention test as per ASTM
designation C — 158 — 80. Loss of water in this ieeto be restricted to not more than 0.55 Kg /
M2 of exposed surface in 72 hours.

3.9.11. Application of Curing Compound :

Curing compound is to be applied as soon as trezllvig water or shine on the concrete surface
disappears, leaving dull appearance. This is wihenetis no longer free moisture on the
surface. If applied too early, the free moisturdl wrevent the compound from forming a
moisture — proof film. If applied too late, sometb& moisture will have already been lost that
should have been retained. The proper time rantjevery from about 30 minutes to 2 hours
after placement of lining depending upon humidityd aemperature. Uniform coverage of
curing compound is very important. A good skilhiseded when it is to be hand sprayed with a
nozzle. The dosage of curing compound, sprayedetirting surface with a nozzle, is 1 litre
for about 3.75 M2 of surface area of lining.

Note: - The sub-grade on which lining is to be placedsie well consolidated, hard, and
smooth. Any surface irregularities should be witthia tolerance limits (Viz. not more than 6.5
mm on slopes and 12.5 mm on bed).

3.10. MEASURING DEVICES ON IRRIGATION CHANNELS/DIST RIBUTION
SYSTEM

3.10.1Presently, there is no measuring structure on dnthe canal distribution network. The
existing sluice structures are not calibrated tticdate the quantum of flow in the off-taking
channels. Neither there is any measuring devicendtoeam of the Regulating Division
Dams.
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3.10.2.Provision of CTF (Cut — Threat Flumes) in fibreggaeinforced plastic (FRP) material with
“hold fasts” to be embedded in the concrete strestshould be made in the cost estimates.
Such a flume has engraved gauge marking in cerginsias well as in litres per second.

3.10.3.A large number of CTFs have been constructed irSRBC distribution system of AP IlI
project. Designs / Drawings and data on cost estisrae obtained from SRBC engineers.

3.10.4.A measuring structure be provided at off takesistriéhutaries from the main canal / branch
canal and minors from the distributory.

3.11. GABION STRUCTURES

3.11.1. Construction of “gabion structure” proves very eeffve in earth control, and soil
conservation. Gabions can be very usefully usedstmream training works and for
controlling erosion of earth. Where the outflow whel downstream of a weir poses a
serous problem of slippages of earth, gabion rieigiwall provides a practical solution to
control such slippages.

3.11.1.1. Specifications:

3.11.1.2.ASTM Designation:
A 975 — 97 outlines thestandard specifications of “double twisted hexajomash
gabions”. Particulars about the mesh type and dimeneter of Zinc Coated gabions are
given in Sketch 3 ( Page 71).

3.11.1.3.Definition of Gabion:
It is a double twisted Zinc coated wire mesh corgriof variable sizes, uniformly
partitioned into internal cells or diaphragms, inteconnected with other similar units, and
filled with stones at the work site to form “flexdy permeable, monolithic structures such
as retaining walls, revetments etc,.

The gabion shall be fabricated “Maccaferri” typeeguivalent supplied by an approved /
reputed manufacturer.

The stones used should have a minimum size ofesstthan the mesh width, as shown in
Sketch 3. D is the distance between the axes divisés.
3.11.1.4.Important Points in Gabion Works:

a) Stones to be used shall be of good quality viz l§afdee from soft seams or of any
disintegration features.

b) Stone size shall range from about 200 mm to300 Bteone size of 350 mm shall be
preferable.

c) Use of small stones shall be restricted to the mari feasible extent of fill the voids
between bigger stones. Such small stones shalldavieimum size of not less than D,
where D is the specified mesh width.

d) The Gabions and Mattresses shall be flexible ga@eangabions with the mesh panel
wire of 3.0 mm dia, and shall be Maccaferri typeequivalent, and shall be procured
from reputed agencies.

e) Foundation for each Gabion shall be free from degioms and protrusions. Any
depressions are to be filled with suitable solavgl, moistened and consolidated. The
protrusions are to be struck and leveled. Tolerdocesurface irregularities shall not
exceed * 6.25 cm.

f) The Gabions shall be divided into cells by diaphragwhose length shall not be more
than the width of the gabions. Diaphragms shalptmevided at not more than 1.0 m
interval.

g) Where more than one layer of Gabions is to be thielse be placed with a minimum
step of 0.15 m between the faces of the lower gpéruGabions Boxes. In high walls,
a step of 0.50 M shall be appropriate.
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h)

i)

)
K)
1)

All Gabions shall be connected to each other almrgers with — Lacing, the wire to
be passed through each mesh making a double weist ether mesh.

Careful attention shall be given to the filling ogion to ensure that the stones are
placed evenly in the baskets with minimum voidb@tween. Smaller stones shall be
hammer wedged into the voids. All external storfesll e of big size, preferably of
200 mm — 300 mm size range.

The stone to be used for the top layer of GabioreBoshall have a flat surface to
ensure that the wire does not rest on sharp coafiatene if these are not flat.

Bracing wires shall be used as per Manufacturasgtctions in the Brochure.

A Gabian shall not be completely filled until thejacent basket has been half filled in
order not to cause displacements / bulging duiiltigg.

Before filling, adjacent baskets shall be secumgkther with steel lacing wire, duly
galvanized.

Gabion walls shall have a vertical face, not eyactrtical, but shall be given a slight
angle to the vertical (Say 1.0 horizontal to 10&rti¢al). This shall be achieved by
sloping the foundation accordingly. This shall taé@re of the effect of back-fill
pressure & also of the settlement/consolidatiotheffoundation. (Sketch Page No. 72)
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CHAPTER — 4.

Guidelines on Engineering Design, Construction anQuality Control:

4.1The Minimum Rehabilitation of minor irrigation sahes cover earth dams/bunds, sluices
including shutters, surplus weirs, irrigation chalisnincluding structures there-on and feeder
channels. In view of the large scale spread-owtarks in 17 districts of 3 regions, it is essential
that the implementation of remedial measures comgaio acceptable standards and that there is
optimum uniformity in the adoption of technical speations for execution of rehabilitation
works in the various regions. The objective shdaddo make the respective components safe and
of improved functioning capability within the Spied permissible funds by carrying out the
rehabilitation to the extent considered absoluetbgential through judicious prioritization of
works. Whatever rehabilitation/repair work is to dene it should be in accordance with
acceptable standards and specifications anthigncontext the following broad guidelines are
listed, which can be supplemented with the relevadian standards' wherever needed or -
considered necessary:

4.1.1.Strengthening/Rehabilitation of Earth Dams/Bunds

4.1.2 Preparation:

a) For raising earthwork on the old embankment, chedl e taken to ensure proper bonding
of the freshly laid soil with the old embankmentcardingly, all bushes, vegetation, roots,
trees etc. from the existing portion of embanknpenposed to be raised are to be removed.

b) The base shall be stripped to a depth of 20 cm.

c) The requisite slopes of existing embankment shalbénched in steps of 30 cm /45 cms,
preferably 30cm

4.1.3.Placement of Earthwork and Compaction:

a) Being homogeneous section, proper type of soil§,(GM, SC, SM, CL soils) shall be
used. Accordingly, representative samples of gpidposed to be used as earth-fill shall be
first got tested from APERL, Hyderabad or otherutep institution for their suitability.
CDO shall also be apprised of the test resultsefoiew and advice, if any. Use of any other
soils be done only after approval from CDO. Graite sanalysis for classification be got
done to know the classification of soils ‘proposedbe placed in the embankment. This is
very important.

b) Earth-fill shall be laid in suitable layers not erding 30 cm for power roller compaction.
Clods shall be broken to 7.5 cm. Any roots," gr&ss rubbish shall be removed from the
fill. Cobbles/gravels/boulders of size more thabh &n shall also be removed.

c) In case initial water content in the soil is lekart the optimum moisture content, water
shall be uniformly sprinkled over the freshly l#&ger before compaction.

d) Compaction of earth-fill layer shall be done by®-Ton Power Roller. Following criteria
for control of compaction be adopted.

0
Tvpe of frz;::t(i); 'Bloglr Minimum Desirable average
ype | y dry acceptable density Density
Material wt. of total (D) (D)
material

Cohesive 0-25 D=95 D=98
Soils controlled by the 26-50 D=92 5 D=95
Proctor test
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Or a general acceptance criteria of 95% of Proctositieat OMC be adopted.

a) Where space is not sufficient for deployment of BoRoller for compaction, earth-fill be
laid in- layers of 15 cm and compacted either ftiel operatedbed compactor .

b) In-situ field density test of each layer shall bken.

4.1.4. Revetment and Gravel Cover

a) After the waterside slope of embankment is trimm@@0)mm/225mm thick revetment be
laid over 300 mm/225 mm thick gravel cover.

b) 150 mm thick gravel cover be provided over the tdpembankment (if needed) for
movement facility.

4.1.5. Tests and Frequency of Testing on Soils

Test Frequency

One test per day for individual Borrow
Area

One test for every 1500 m3 of earthwork
And ,at least one test in each layer laid on
embankment.

Standard Proctor Test

Field Density & Moisture Content

4.1.6. Register to be Maintained:

A register shall be meticulously maintained to lise above tests and the test results
including the actual compaction efficiency obtainedeach layer. It shall also list the
results of grain size analysis on classificatiosafs indicating the type of soils determined
to be suitable for placent in the earth-fill.

4.2. Irrigation Channels:

4.2.1. Earth Sections
a) Channels shall be restored to the designed eastations in optimum possible reaches.

b) Where banking is involved, the earthfill be appiafaly compacted by fuel operated bed
compactor to impart stability and durability to thenks. Alternately pneumatic tamper be
used for compaction.

¢) It shall be appropriate to construct Model SectionRR stone masonry (+_60m width) at

suitable intervals, say, one at every curve ariDab. 75m intervals in straight reaches.
This shall be highly useful in maintaining the piebf the earthen channels.

4.2.2 Lined Sections - Selective Lining:
Channels shall be lined only in such locationsheacwhere it becomes absolutely
essential as dictated by the site conditions. Satéctive lining shall be taken up only

with the concurrence of the concerned Executiveirie®y who shall also approve the
hydraulic design as well as the type and desidmioig.

4.2.2.1 Plain Cement Concrete Lining:

Thickness of lining. It shall be provided as fmdlowing Table:
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a)

b)

f)

K)

Channel Discharge Thickness of
Lining
Less than 1.5 m/ sec 65 mm
1.5 m3/sec up to 15m3/ sec 75 mm
15 m3/ sec and more 100 mm

Cement level From durability consideration, cement level shall250 kg/m3 of
concrete, viz the mix design shall be higher thalOMoncrete (between M 10
and M15).

Subgrade for lining: The sub-grade shall be duly compacted and  maidten
before placement of lining.

Side slopes: In the locations where unlined reaches are pexgpts be converted
into lined ones. (for selective lining), the sidepgs be preferably kept as 1.5:1
but not less than 1.25:1.

Coping: Horizontal concrete coping or key shall invhlyabe provided at the
top of lining.

Concrete placement: Conventional concrete placement (viz. manual
placement) shall be in alternate panels of up tar8angth. Maximum size of
graded coarse aggregate shall be restricted ton20 m

Sand: It shall be clean and free of silt, clay etc.Hosld not have  injurious
amount of organic impurities. Fineness moduluslstal be less than about 2.2.
Recognizing that sand is a very important constitwé concrete mix, as well. As
of cement mortar, field staff (Work Inspector/Asaig Engineer/Assistant
Executive Engineer) shall do the following testiiermine suitability of sand:
Quick Colour Test to be conducted by field enginearat site to determine the
suitability of sand in respect of any injurious amount of Organic
impurities.

Sand shall be tested with 3% solution of caustitasoalled. colour test.

A colour less liquid shall indicate clean sand fireen organic matter.

A straw coloured liquid indicates presence of samganic matter but not enough
to be objectionable.

A dark colour means that the sand contains injgr@mount and, accordingly, it
is not to be used unless it is washed and a restests that it is satisfactory.

l) Bulkage of sand: Bulkage of wet sand shall not be more than 20%

m) Curing of lining: Utmost importance shall be given to water curindjrahg Bed
lining be cured through ponding of water by prongismall earth bunds. For curing of
side lining, gunny bags be placed on slopes antlwep 28 days curing is desirable
but the first 14 days of curing is very criticaldamust be ensured without any
interruption whatsoever.

Note: Porous concrete plugs of 100mm dia may be geavin each panel of 3m
width, as Under drainage, wherever considered sacgs
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4.2.3. Tests and Frequency of Testing:

Test Frequency of testing
1) Sand
0] Sieve analysis for fineness One test for every 150 m3 (or less) sand to be
modulus and gradation. used in concrete mix.
(i) Bulkage of sand Once in a shift or for gveonsignment.
(iii) Organic impurities in sand. One intdfsor for every consignment .
2 ) Coarse Aggregate One test for every 150 m3 (or less aggregate to
Screen analysis for gradation be used in concert mix.
3 ) Water for suitability of use in One test from each source of water n a working
concrete. season.

In addition, slump tests of concrete be taken syl

4.2.4. Register to be maintained:
A register shall be maintained to list the abowtstand their results.

4.2.5.

R.R. Masonry Lining (20 cm/25 cms) in cement mortar

Stones

a)

b)

Stones to be used fdining shall have a reasonably uniform size witie 'tdesigned
dimensions and shall conform to specificationsn&soshall be brought from the quarries
approved by the Engineer.

Individual stones shall be sound, hard, and durabtecapable of sustaining weathering
and water action. Those shall be free from lamimati soft spots, seams, and other
defects. When immersed in water &3 hrs, the stones shall not absorb water more than
about 5% of their dry weight.

4.2.5.1. Laying of Stone Lining:

a)

b)

Both bed and slopes of the channel shall be divididpanels for laying stone masonry.
The panels shall have dimensions of, preferablyymare than 10m along and across the
centre line of channels (minors/distys). This mayiricreased to 15 m for bigger capacity
channels.

While laying the stones, care shall be taken tdiagler stones of size 20 cm x 20 cms x
60 cms or 22.5 cms x 22.5 cms x 60 cms on eitré® sf expansion pint joint at
10.0m/15.0 meters centers.

To guard the lining from building up of pore-pressthat may cause damage to the lining
in gravelly soils, porous no-fine concrete slabk g@ae 20 cm x 20 cm x 20 cm) be
provided in stone masonry. In small channels, sudtab be provided at half the full
supply depth at 5m centers. No-fine concrete slwaibist of 1 part of cement and 4 parts
of coarse aggregate of maximum size not exceedngn@. No sand shall be used. To
guard the lining from any pore pressure in cohesoits, perforated pipes of 75 mm dia
be provided with a filter (of sand, gravel) backingDO be consulted for specific
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provision of above under-drainage arrangement)isbok1 part of cement and 4 parts of
coarse aggregate of maximum size not exceedingni@0 m

d) Cement-Sand mortar shall be used within 30 minofiéise preparation of mortar.

e) Hand mixing of mortar shall be done on smooth wégdt plat form,(if mechanical
mixer cannot be deployed).

f) Field colour test of sand shall be done for presasfcany organic impurities. Maintain
good line and grade viz. workman ship, while laying masonry.

g) Horizontal coping (or key) shall be laid at the tdgining.

h) Water curing shall be done for at least 7 days.

4.2.6 Masonry Guide Walls:

Stone masonry guide walls in CM 1:5 over the leanceete foundation shall be considered for
construction only in specific locations where theeems to be no alternative due to peculiar site
conditions.

To achieve the objective of minimum rehabilitatiof Irrigation Channels conforming to
acceptable engineering principles, careful decisiball need to be taken on the adoption of a
particular type of lining or a combination of typafslining from amongst the three types of lining
outlined above depending upon the site situatidhe.type and extent of such “Selective Lining”,
shall be decided, by the respective SuperintenBimgineer of the region taking into account all
the relevant factors. It shall be appropriate &iaee the channels to the designed earthen sections
to the optimum extent possible.

Note In case of expansive soils associated with smgeitiressures, full CNS soil treatment shall
be done as per Indian Standard, IS : 9451-1994.

4.2.7 Surplus Weirs:

The surplus weirs suffer from one or a combinatbthe following types of damages:

Damage to pointing of joints in the body wall leg&a through the bottom of weir and leakages
through the body wall of weirs; pot holes in thdicdsapron ; and damage to the talus portion etc.
Broad guidelines on repairs to these damagesudtieed below:

4.2.7.1. Damage to Pointing of Joints:

a) Allloose mortar shall be removed from the affeqtadts.

b) Raking of all such joints shall be done to a degth5 mm.

c) The joints shall be thoroughly cleaned with Waterdir jet).

d) Prepare the cement-sand-water mortar of specifi@degon a smooth water tight. platform
making sure that no foreign material gets mixechwitortar nor the mixing water flows
out. Dry sand and cement shall be mixed thoroudlylfurning over to get a mixture of
uniform colour. Water, shall then be added, grdgiwaid mixing continued until mortar of
required consistency of 90 to 100 mm is obtained.

e) Keep the cleaned up and raked up joints moistiout2 to 3 hours before filling

f) these with the wet mortar

g) Ensure that the wet mortar is used to fill up thats within 30 minutes of its mixing.

h) Proper pointing of joints be done.

i) Curing of the joints done for 7 .days.

4.2.7.2. Leakages through Weir:
In case the weir suffers from appreciable leak&gas the body wall, it may be appropriate
to provide either external plastering or skin vediltoncrete to the upstream body wall of
weir.
4.2.7.3._External plastering After the hollow Joints in masonry are duly filleg as per guidelines
outlined in (a) above, these be kept moist (viared for 72 hours) and the following steps
taken to apply external plastering,
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a) Roughening of surface of body wall shall be donenjprove the bond of plaster.

b) The surface shall be moistened sufficiently.

c) Plaster of 20 mm thickness and of specified grdddl shan be applietb the surface from
top and worked down. The mortar shall be stiff egiow cling to the surface and hold when
laid.

d) Atthe end of the day, the plaster shall be ket @ean horizontal or verticalline.

e) When recommencing the work on next day, the edfeklglaster shall be scrapped clean
and wetted and treated with cement slurry befozentdw plaster is laid adjacent.

f) Water-curing of plastering shall be done unintetedfy for 14 days.

g) Any cracks which appear on the surface and all quartions which sound hollow when
tapped or found soft or otherwise defective shaltbt in rectangular shape and redone

4.2.7.4. Concrete Skin Wall:
Provision of concrete skin wall shall provide a evaight barrier and stop all leakages

through the weir. Typical construction of this willillustrated in the enclosed sket¢Rage
No.54 ) and its salient features are outlined below

- grade of concrete : MI5 (with 20 mm maximsize of aggregate
- thickness of concrete 200mm( 150mm for smaller heights, say upto 1.5m)
- thickness of concrete : 300 mm (200mm foaker heights) at bottom
- reinforcement in
skin wall : 8 mm dia at 200 mm centrebath directions
- anchor bars : 16 mm dia (as shown inctket

The skin wall shall be anchored with top of weir fgynoving the top one layer of existing
stone. The wall is to be taken below upstream gidewel/apron level to a depth of 450 mm
(or 600 mm) and width of 600 m(ar 900 mm) throughout the length weir, depending upon
the height of weir. The shape of crest shall nothenged.

Specifications :

a) Joints in the existing masonry be raked to a depb mm.

b) Roughen the surface through manual chipping or padically operated tool.

c) Keep the surface after raking of joints and rougingnf surface wet for 72 hours prior to
placement of skin concrete (Ml 5)

d) A coat of cement slurry with cement — mortar mixZ5) with water-cement ratio of 0.70 be
applied over the masonry surface, with joints tigidy packed.

e) 50 mm dia holes be drilled in the masonry and cleaas by air-water jet.

f) Cement sand mortar (1:2) .with water cement rdtiabout 0.33 shall be pushed into the drill
holes while the holes are still wet after cleanifigen 16 mm dia steel anchors be pushed in.
Drill holes for anchors shall have an inclinatidgn5odegrees with the horizontal downwards
into the body wall.

g) Concrete placement shall be done in conveniestdifid deploying good shuttering. Slump of
concrete may be in the range of about 50 nun aedleibrators used for consolidation

h) Curing of concrete wall be done for 28 days.

i) In cases where the leakages are through the botteveir, the provision of skin wall may not
be taken to the full height of the weir, but betnieted to about 0.60 m to 2 m. Fine-tuning or
any modifications if considered necessary be gaedbrough.

4.2.8. Damage to Apron:

In case the damage to the apron consists of omlypiet holes and the rest of the apron is
generally alright, it shall be appropriate to cléfa® pot holes, chip the sides wherever necessary
and fill up these with plain cement concrete of M 7.5 gradeliggdent to 1 : 4 : 8) duly
consolidated. In the context of the minimum rehtibn concept such treatment is considered
to be adequate.
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4.2.

a)

b)

d)

4.2.

4.2

9. Irrigation Sluices:

Repairs to the damaged irrigation sluices theirrompments shall be accorded thep’
priority ". This shall also include replacement of existaggs with screw gear-operated steel
shutters.

Designs of proposed gangways /RCC platform or &iras to facilitate easy approach for
operation of sluices shall be prepared and gotamger from CDO or the special design circle.
Mechanical components shall be got reviewed andoapd from the mechanical wing of
CDO.

In case the situation is such that repairs to thelevof sluice barrel is contemplated, it shall
require 'open cut' of embankment / earthen dareitheer side of the barrel in order to expose
the entire length of barrel. Cutting shall be dansuitable benching at ¥2:1or flatter slope if so
warranted .

After the repairs to damaged masonry sluice baaet been carried out and water-cured for 14
days, the open cut portion of the embankment sleathken up for filling with approved soil.
Layers of soil not more than 15cm thickness shalldid, and compacted with either with fuel-
operated bed compactors' or ‘pneumatic tampetisétepecified density of 95% at OMC. High-
quality job is to be done in such situations.

10. Construction Quality Control and Quality Asurance:

Construction quality implies that the jobs be démeecognized standards through meticulous
implementationof quality control and quality assurance parametesoaated with the
prescribed technical specifications and design. dioposed 'minimunnehabilitation of minor
irrigation schemes' involves works to be carried iou2,934 tanks located in 17 districts.
Rehabilitation of 2798 tanks is proposed to donealipgct contracting (the cost of each tank-
being less than Rs.l.2 M) and the balance 186 ttiksigh NCB procedure (the cost of each
tank being more than Rs.l.2M recognizing that tterjetwork is of a very wide spread-out, it is
of paramount- importance that a practical and tesignted quality control / quality assurance
mechanism is established to ensure that whatehabil@ation is done should be durable and
sustainable. In this context the following suggestiare made

.11. O.K. Card System

It provides a very useful mechanism for enforcen@ngpecifications and achieving quality
construction. Each work is subdivided into vari@asivities in proper sequence of construction
and are listed in chronological order of occurreanghe O.K.Card. Broadly an OK Card is a
condensed form of specifications and essential ireouent for achieving requisite
workmanship and quality level of output This systis in use on AP Il project and is proving
very useful. According to the OK Card system shobll introduced forthwith on the
rehabilitation of minor irrigation schemes as wellkewise, O.K. Cards other works be
prepared. Essential requirements relating to tstesn ,proposed for implementatitre minor
irrigation schemes are listed below:

a) Entries in the OK Card shall be in Englabwell asin the local language (Telugu)
b) First column in the OK Card against the variousividis shall be filled by Work

Inspector(WI). The second column shall be initiatey Assistant Engineer/Assistant,
Executive Engineer with his dated signature agaitshe items. In case of absence of WI the
first column shall be left blank, but AEI AEE shéll the second column.

¢) Authorization of commencement of any activity amd@iK of any activity shall be governed

by the OK recorded by AE/ AEE-in the OK card.

d) Deputy Executive Engineer shall record his obsemat/ comments on OK Card during his

visits to the Work.

e) Executive Engineers/Superintending Engineers duttiegy inspection of works shall check

these cards and record their comments, if anyhemt
OK Card for each component shall be in duplicate,sthat one card is given to the
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9)
h)

k)

WUA.

After the particular part of the Work is complettiie OK Card related there of, shall be filed
in the Office of Executive Engineer, as a permanecdrd.

Work Inspectors: It shall be appropriate to effectively involve Wolnspectors both on
construction and quality control of works. It isragd with GOAP that through deployment,
adequate number of Work Inspectors' shall be shifteminor irrigation schemes. It will be
good if for every tank there is one Work Inspector.

Mobile Testing Laboratory System: Laboratory system forms a very important link loé t
project organization for quality control / qualidssurance. It shall be highly expedient and
result-oriented if 6 metador vans are procured WAB and converted into 'mobile testing
laboratories duly equipped with essential testiggigped with essential testing equipment
Each region shall have two such mobile labs undenr¢spective Superintending Engineers.
This shall enable quick on-the- spot testing ofuispand outputs (viz. soils, aggregates,
concrete, compaction etc:) and shall help in expeglthe job as well.

Technical Consultant: For ensuring effective construction supervisionwasl as quality
control, it is agreed that 18 technical consultgety retired superintending engineer/senior
executive engineer), one each for 17 districts wtike minimum, rehabilitation works are
proposed in the tank schemes and one at the stakih the office of the Chief Engineer
(Minor Irrigation), having requisite expertise aagtitude be recruited and posted to work
during the working season (December to July). Hubrtical consultant shall visit the works
in the concerned region and oversee both the eatisin and quality control aspects of
works. He shall also conduct requisite tests withtielp of testing equipment available in the
mobile laboratory. He shall get any deficiency olbed by him duly set right He shall furnish
his 'observation and action-taken report' to thecemed S.E./C.E. Towards the end of the
working season, the Technical Consultant shall dlmmg comprehensive report covering
maintaining of OK Cards maintaining of embankmesgister implementation of guidelines
and specifications no of various tests conductetithe test result obtained a summary of his
field visits to works, his observations and commseantd .status of their compliance by field
engineers and his overall assessment of the yudlivork. This report shall also be sent to
the Chief Engineer

Training: In respect of rehabilitation of works on eartheamd/bunds field tests on
classification of soils, proposed to be broughtfioorrow areas for placement on bunds, are
extremely important. In this context, soil expdrtsn APERL, Hyderabad should impart on-
job training .to Work Inspectors, Assistant Emgirs Assistant Executive Engineers, and
Deputy Executive Engineers in each district headgus and at other suitable places;/
Workshops & Discussion Sessionsthe respective superintending Engineer of eaclomeg
should hold workshops and convene discussion sessio make WI's, AE's, AEE's, DEE's
and EE's fully’ conversant with the technical speations guidelines on design and
construction and, the OK Card System.
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CHAPTER -5

GUIDELINES OF WORLD BANK MISSION ON TECHNICAL
SPECIFICATIONS, CONSTRUCTION PROCEDURES AND CRITICA L
EQUIPMENT FOR PREPARATION OF COST ESTIMATES FOR

REHABILITATION OF MI TANKS.

5.1. INTRODUCTION:

Andhra Pradesh has about 74000 Tanks that togletiverthe capacity to irrigate some 1.5 million
hectares of land. 11,277 of M.l scheme tanks, lggaicommand area of 40 hectares or more, have
the capacity to irrigate 1.15 million hectares. Heoer, mainly because of deficient maintenance,
most of the tanks are functioning at a low efficigevel and, consequently the irrigated area has
declined from about 1 million hectares in 1990 bow 0.50 million hectares in 2004. Faced with
this grim situation, GOAP has initiated a comprediem community based tank project with the
assistance of World Bank in Minor Irrigation Sectgth an objective to improve tank systems and
strengthen community management of these selegtst@nss. Comprehensive rehabilitation of
about 3,000 Minor Irrigation Schemes through owt tBtate, based on sound technical and
economic principles.

5.1.1. Selection of sample Minor Irrigation Schense
Twelve samples schemes have been selected covbenthree principal regions of the state
spread over in 6 districts. The details of thesestes are appended in Annexure — 1 at Page No.
------- . Rehabilitation and modernizing of the taesample schemes on a comprehensive basis will
help in evolving requisite principles and guidetirfer the cost criteria and technical parameters
for adoption in the execution of rehabilitatiorestoration / modernization works in all the Minor
Irrigation Schemes.

5.1.2. Field visits to selected M.l Schemes

The mission made field visits to 11 schemes duttieg6 - day period, July 25 to 30, 2006. The
project team headed by the Chief Engineer, Minogdtion, and two Consultants accompanied
the mission. The mission during visit to variousrkgin each scheme interacted with WUAs.
The respective field engineers also participatedieid visits and discussions. These visits
enabled the mission to have a fairly broad assessafethe existing physical condition of the

various civil works components including the shrdtenstalled in the irrigation — Sluice

structures, and the Regulation Division Dams.

5.2. Broadly, an M.l Scheme comprises of the follawg components:
a) Tank bund, Sluice structures, waste / surplussieg;W
b) Irrigation canals and Distribution system; and
c) Feeder Channel.

An Anicut is also a part of an M.l Scheme.

Presently, all these components, by and largeinagepoor state of health and need systematic
rehabilitation to the respective designs standardsder to make these fully functional.

5.3. Process involved in Rehabilitation:
The following process is involved to be completedobe the rehabilitation works can be under
taken.

5.3.1 (a) Tank Bund Complex:
- In respect of Tank Bund, detailed surveys should¢dreducted through L — Sections and
Corss — Sections to work out the earth fill requieat to bring the respective bund to the
specified design sections.



- Walk — through survey should be conducted on eanh, tto identify the various distress
features requiring rehabilitation measures, such sastlement of revetment, seepage
reaches, vulnerable sections, water logged areasmigiceam of the embankment toe,
phenomenon of any retrogression occurring at thetevaeir, adequacy of out flow channel
D/S of weir and behaviour of out flow channel irdihg evidence of slippages in the
channel etc. Inputs from CDO / Dam Safety Paneatsilshform the basis of estimating the
various quantities.

5.3.1.(b) Irrigation Canals and Distribution Systen.

1). Detailed surveys should be done to determine dgbantum of re-sectioning and
strengthening involved in various channels to btimgse to the design standards and the
guantities of earth work estimated.

2). In respect of the unlined channels which amppsed to be lined, hydraulic designs
should be prepared to fix the requisite paramet®esed there-on, the quantities of
earthwork and lining be estimated.

3). Type Designs of New Structures proposed to bestcucted should be ready for
estimation of various quantities involved.

5.3.1( ¢ )Feeder Channels
Detailed survey be carried out through L — Sectiand X — Sections, based on which the
estimation of re-sectioning / strengthening of ¢hekannels can be made. Any vulnerable
locations needing protection through constructibside guide walls be also identified.

5.3.2 Cost Estimation of Rehabilitation of M.l Schmes
The execution of rehabilitation works should beaittordance with technical specifications
conforming to acceptable standards / relevant ind&tandards and sound construction
procedures as well as deployment of proper corngiruequipment. Broad guidelines on these
aspects are outlined below.

5.3.3 Broad Guidelines on Technical Specificationg€onstruction Procedures, and Critical
Equipment for Preparation of Cost Estimates

5.3.3.1. Strengthening of Tanks Bunds
Cost Estimates should be based on the followingigians:-

(&) Complete removal of Jungle growth, bushes, roatd,\eegetation growth from the
upstream and downstream slopes.

(b) Proper benching of the existing slope and strippifighe bank proposed to be
strengthened for effective bonding of the fresh plaicement with old embankment
and mechanized compaction there — of. Dimensioofrigenches (30 cm x 30 cm or
45 cm x 45 cm or more) will be governed by the tgpeompaction equipment to be
deployed.

(c) During earth fill placement in layers, extra widih30 cm or more is to be laid to
ensure full compaction of designed section. Prowigif this extra earth fill, and its
later trimming to the designed slope, and its rase is to be made in the cost
estimate.

(d) Compaction of earth fill placement in layers to%®3°roctor density.

Compaction of earth fill is of paramount importarar&d is the key requirement. No
compromise is to be made on this requirement.

5.3.3.2 Compaction Equipment:

It may be 8 — 10 standard Power Roller or 1 meidewibratory power roller or any
short drum width vibratory power roller or fuel perated vibratory plate compactor,
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depending upon the width available for compacti@hoto copies of compaction
equipment are enclosed for illustration) ( Page3J3

5.3.4. Designs of Upstream and Downstream Slopesdafiop Width of Bund.
These should conform to Indian Standard, 1S: 12268987 (General Guidelines for
Embankment Sections). Copy of Table 1 of this Sdashds enclosed ( Page No. 67A)
minimum 3.0 m top width of bund is envisaged.

5.3.5. Borrow Areas:
The earth proposed to be brought from the borrogasarshould be got “Classified”
through relevant tests to determine its suitabildy use on the strengthening of tank
bunds. Cost of “Classification tests” and any ottests be included in the estimates, as
warranted.

Note:- In case, determination of Maximum Dry Bulk DensfiyyDBD) and Optimum
Moisture Content (OMC) is not sometimes easily ifdas these values may be assumed
as outlined in Table 2 of Indian standard, 1S :@®%1 1987 (copy enclospd Page No.
68 ) for assessing the compaction efficiency of the gacted earth fill layers.

Raising and strengthening of Tank Bund to the DesigSection is illustrated in the enclosed
Sketch 1 for proper understanding of the field eagis.( Page No. 69 )

5.3.6. Stone Revetment Rip — Rap on upstream slopgéTank Bund.

In order that the stone revetment remains stablealle, and functional the following
guidelines / requirements are to be implementedpodided for in the cost estimates.

1) The sub-grade / slope on which stones are to Hedao be well consolidated. Under
no circumstances, the stones are to be placed wmose sub-grade, as else, the
revetment would settle and slip.

2) The quality and size of stones should conform &gpecifications. Thickness of stone
revetment is to be preferably 300 mm.

3) Filter of 150 mm to 300 mm thickness is to be pded on the consolidated sub-grade
prior to the placement of stones by hand. For Buidseight up to 5.0 m, the filter to
comprise of 75 mm sand and 75 mm stone jelly (ahfucrushed aggregate of 10 mm
to 20 mm size). For Bunds of height from 5.0 m @01m, the filter thickness of 200
mm to comprise of 100 mm sand and 100 mm stong jebr Bunds of height more
than 10.0 m, 300 mm thick filter (150 mm sand lagsed 150 mm stone jelly layer) be
used.

4) Purpose of provision of filter is to prevent thespible loss of soil particles from the
sub-grade. If soil loss occurs, it would cause pslgee of stones. Moistening and
consolidation of filter, prior to placement of serrevetment, is an essential
requirement.

5) Provision should be made in the cost estimate ddequately moistening and
consolidating the filter prior to the placement stones. Consolidation can be
accomplished through the deployment of vibratoatelearth rammer. Alternatively, a
very convenient and effective method of compact®oio use the thick stems of the
coconut tree. Three or four persons can go on tidasag the filter layers (duly
moistened with water) on slope with the thick steiifee process of hand placement of
stones, commencing from the bottom, should thetaken up.

Photo copy of a thick stem to be used for constiidaof filter is enclosed for
illustration. ( Page No. 76 )

6) A toe protection is to be invariably provided iretform of a key trench / toe wall to
prevent the sliding of the revetment. The key trebe excavated to a depth of at least
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1.5 times the thickness of revetment. Width of thésich is to be 2 times the thickness
of revetment. The stones are to be placed in tigerkeech and firmly bedded into the
slope and adjoining stones.

7) Provision should also be made for proper anchocdgevetment into the sub-grade
both at the commencement of revetment and at taidém, where it ends, by providing
“keys” (60 cm x 60 cm) into the slope and embedditones there-in.

8) Masonry Model Sections (say, £ 30 cm x 60 cm aarof other dimension) be provided
at specified intervals. 50 m interval may be gatlequate.

9) Provision for placement of stone revetment up é&TBL should be made.

Provision of key trench, toe-wall, and anchorage aepicted in the enclosed Sketch 2 for

illustration. ( Page No. 70)

5.3.7. Re-Sectioning & Strengthening of Canal Seotis.

Presently, almost all irrigation channels are id Bhape. The channels have lost their design
profiles, banks have eroded, beds are silted, &aohrel sections have widened in several
reaches. Following Action Points are to be impleteérand requisite provisions made in the
cost estimates

1) Jungle growth in the channel prism be removed. i@etsurveys be carried out; L —
sections and Cross — Sections be plotted; andubaetgm of earth work needed for re-
sectioning & strengthening of channel sectionsringbthese to the designed profiles
determined.This is an essential stePetailed Surveys have still to be undertaken by
the field engineers.

2) For re-sectioning / raising / strengthening of &mg earthen channel sections,
provision is to be made for benching the slopesuitable steps, earth fill placement in
layers, watering, and mechanized compaction wighr@iate compaction equipment
(Viz 8 — 10 T Power Roller, 1 m wide Power Roller Fuel — Operated Vibratory Plate
Compactors) depending upon the site situationsaadability of space.

3) In case of non-cohesive soils, the layers are todogpacted to 65 % Relative Density.
Compaction of earthwork is of paramount importance

4) Provision for regarding the channel banks be maut & cross slope, say 1: 80,
provided towards the rear side.

5) In Small Section Channels, provision for “cut & fihethod” may be made in order to
achieve effective compaction, as is outlined beltkne channel section is excavated,
say, in 500 m long reach; earth fill is placed aydrs in the full section, watered (as
required), and each layer compacted to 95 % Probemsity through deployment of 8
— 10 ton Power Roller, vibratory Power Roller / 1wide drum Vibratory Power
Roller. This process of compaction is continuedhtrigp to the top of designed section.
There — after, the compacted section is scoopedootite proposed designed section
and the scooped earth re-handled for use in the neexh taking into account some
wastage during re-handling.

6) Where CC lining is to be laid in the channels pagshrough the swelling black cotton
soils, provision for CNS treatment of the sub-grad® be made prior to placement of
lining as per Indian Standard IS 9451: 1994. Thédsnof CNS material is to be in
accordance with the following tables.

5.3.7.1 Table 1 AThickness of CNS layer in canals carrying less th&@umecs
(70 Cusecs)

. Thickness of CNS layer in Centimeters (minimum)
Discharge Cumecs - - -
(Cusecs) Swe_lllng pressureNof2 Swelling pressl\&lr% olfsBKC 820|Is
BC Soils (50 — 150§"/, more than 150"/,.> (**>"“Yeu?)
1.4-2.0 (50 - 70) 60 cm 75 cm
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0.7-1.4 (25 -50) 50 cm 60 cm
0.3-0.7 (10-25) 40 cm 50 cm
0.03-0.3(1-10) 30 cm 40 cm

5.3.7.2. Table 1 BThickness of CNS layer in canals carrying more t2e@Gumecs
(70 Cusecs)

Swelling pressure of BC Soff¥/,2 (Ycy?) Thickness of(g]li\lniSn:Z\)r/ﬁ)r in Centimeters
50 — 150 (0.5 -1.5) 75 cm
150 — 300 (1.5 -3.0) 85 cm
300 —-500 (3.0-5.0) 100 cm

The CNS soils have to be non-swelling with a maxmmallowable swelling pressure of
10"/ (149, when tested in accordance with Indian Stand&d,2720 (Part 41)
—1977.

CNS soils are to broadly conform to the following ange:

Clay = 15-20 %

Silt = 30-40%

Sand = 30-40%

Gravel (of size greater than 2mm) = 0-10%

Liquid Limit = More than 30 % but less than &0

Plasticity Index = More than 15 % but lesaitBa %

Note : - In order to asses the extent of provision ofSCiN the cost estimates for the
treatment of sub-grade in swelling BC soils, itessential to determine the swelling
pressure. Accordingly, a “crash program’ needs & launched for getting the

representative soil samples tested for their smglipressure from the soil testing
laboratories.

Cost estimates can be firmed up only if the “SwegllPressures” are got determined
and borrow areas for obtaining CNS soil are ideatif

(i)  Provision for mechanized compaction of CNS soilelsyto at least 95 % proctor
Density, though 98 % would be preferable is to la&enin the cost estimates.

5.3.8. Model Sections in Unlined channels :

In the irrigation channels proposed to be left Wred, “model sections” of either stone masonry
or concrete (x 30 cm x 30 cm) should be provideihtgrvals of say, 50 m, and at closer
spacing in curved reaches. (The spacing be degidezhsultation with the Chief Engineer).

5.3.9 Excavation of Tank Bund for Reconstruction ofrrigation Sluices :

When any irrigation sluice is to be re-constructaattion of earthen embankment on either side
of the sluice is required to be removed right upghe bottom of the sluice / sluice barrel.
Provision should be made in the cost estimate %ocaeating the existing embankment to a
slope of at least 3 (H): 1 (V) on either side of 8iuice, benching of the excavated slope; and
finally compaction of earth fill placed in layers specified density after the new sluice is
constructed. Effective bonding of new earth fillthwithe previous one is of paramount

importance.
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5.3.10. Canal Lining.

5.3.11. Design of Cement Concrete Lining :
The lining is to be cast — in situ un-reinforcedneat concrete lining. Thickness of lining may
conform to either the Indian Standard, IS 3873 9318r as per the US Bureau of Reclamation
practice, tabulated below.

5.3.12. Thickness of Un—reinforced concrete lining

a) As per US Bureau of Reclamation Standard / Practice

Discharge in cusecs Thickness of lining (inches)
0 — 500 Cusecs 2 Y inches.
500 — 1500 Cusecs 3 inches
1500 — 3500 Cusecs 3 % inches
3500 — 7500 Cusecs 4 inches
7500 — 20,000 Cusecgs 4 Y inches
b) As per Indian Standard IS 3873: 1993.
Dlscharg?CcSSp:Ccslt)y Cumecs Depth of water (m) Thickness of lining (mm)
0-5(0-175) 0-1m 50 — 60 mm
5—-50 (175 - 1750) 1-25m 60 — 75 mm
50 — 200 (1750 — 7000) 25-45m 75— 100 mm
200 — 300 (700 — 1050) 45-6.5m 90 — 100 mm
300 — 700 (10500 — 24500) 6.5-9.0m 120 — 150 mm

Taking into consideration the various factors idahg economy and ease / practicality of
placement, it may be appropriate to adopt a linthigkness of 70 mm for channels of
discharging capacity up to 175 cusecs and 75 mndigmharge beyond 175 cusecs to 1500
Cusecs.

5.3.13 (i) Cement :

43 Grade or 53 Grade Ordinary Portland Cement corifig respectively to Indian
Standard, IS 8112 and IS 12269 is to be used.

(i) Cement Content and Water — Cement Ratio :

The concrete lining being exposed to alternateimgetind drying during its functioning
or working life, comes in the category of sever@asure condition as per Indian
Standard, IS 456 — 2000. Accordingly, provisiong afiinimum cement level of 250 kg
/ m3 of concrete mix be made in the cost estimdét€®© lining from “durability
consideration”. Water Cement ratio is to be redco not exceed the range, 0.55 —
0.60.

(iii) Maximum size of Coarse Aggregate:

Graded coarse aggregate with maximum nominal 8#8A) of 20 mm, down graded
to IS grading is to be used in the concrete mix7fomm — 75 mm thick CC lining.

iv) Air Entraining Agent (AEA)
Provision for using AEA in the concrete mix for diding, be made in the cost
estimate. Concrete mix with AEA affords more “duliay, as well as better
“workability (viz. fluidity)” and better “finish”.
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Graded fine and coarse aggregate are to be ustt inoncrete mix and any slight
deviation in the requisite grading is compensatgdiib — entrainment in the mix by
adding AEA.

v) Contraction Joints :
As a thumb rule, the spacing of both the longitatimnd transverse contraction joints

should not normally exceed 36 times thicknessrofgj to avoid cracking of the lining
surface in between the joints.

Lining thickness (t Spacing of joints (36 x t)
70 mm 2520 mm, say 2.5 m
75 mm 2700 mm, or 2.7 m
100 mm 3.60 m, better to keep 3.0 m spaging

If the perimeter of canal section is less thanmg,®o longitudinal contraction joints are
to be provided. However, transverse contractiomtgoacross the canal section are to be
provided irrespective of the extent of perimeter.

vii) Consolidation of concrete :

Proper consolidation of concrete mix for CC linirag, being placed, is of paramount
importance. One of the most effective methods c@aprof deploying a “vibratory
plate device”, operated by a fuel — operated madithrs mechanism is depicted in the
enclosed photocopies for comprehensive understgradid broad guidance of the field
engineers. Such a device can also be used foramiop of the sub-grade of small
section channels. In clause 4.5 B(a) Section hefBid Document, incorporation of
such an equipment in the list of key / critical gauent would be needed.

viii) Cutting Grooves for Contraction Joints.

Grooves should be cut to the specified size wherctimcrete is still plastic. At the time
of filling of the grooves with the sealing compoutitese should be thoroughly cleaned
of all dirt, mortar, or any set grout.

ix) Curing of lining.

Curing is the most vital requirement in the cememricrete lining. Any slackness in
curing or in adequate curing shall weaken the ¢jramd cause its early deterioration /
cracking._Fool — Proof curing is a MUSTh case adequate water — curing of both the
bed and side lining is assured, it is ideal. Aladinrely, provision should be made for
curing of bed lining by water (though constructishsmall height earthen bunds and
ponding water) and the curing of side CC lining d&yplication of “membrane —
forming curing compound” to ensure  fool — preafing.

The curing compound should be white pigmented @ir@ped quality conforming to
ASTM — C — 309 — 81 Type — 2. This should meetrdguirement of water retention
test as per ASTM designation C — 158 — 80. Lossaiér in this test is to be restricted
to not more than 0.55 Kg / Mf exposed surface in 72 hours.

5.3.14. Application of Curing Compound

Curing compound is to be applied as soon as thedllg water or shine on the
concrete surface disappears, leaving dull appearartds is when there is no longer

61



free moisture on the surface. If applied too eatte free moisture will prevent the
compound from forming a moisture — proof film. Ip@ied too late, some of the

moisture will have already been lost that shouldehbeen retained. The proper time
range will very from about 30 minutes to 2 houre@placement of lining depending
upon humidity and temperature. Uniform coverage cafing compound is very

important. A good skill is needed when it is to end sprayed with a nozzle. The
dosage of curing compound, sprayed on the lininfasa with a nozzle, is 1 litre for

about 3.75 M of surface area of lining.

Note: - The sub-grade on which lining is to be placed nbestvell consolidated, hard,
and smooth. Any surface irregularities should bthiwithe tolerance limits (Viz. not
more than 6.5 mm on slopes and 12.5 mm on bed).

5.3.15. Selective Protective Lining immediately U/& D/S of Canal Structures:

Cement concrete lining or Stone masonry lining bevided in at least 2.5 m reach
upstream and downstream of structures.

Note: Particular attention need to be paid to the cagsies in such reaches /
locations when drainage water falls into the cabatailed survey should be carried out
and inputs be obtained from CDO as to the typed (Fsigns there-of structure to be
provided for the disposal of drainage. Allowing drgphazard flow of drainage into the
canal / canals severely damages the canal system.

5.3.16. Treatment of Under Side RCC Slabs of Strtures :
The mission during field visit to an RCC. AquedatKm 6.2 of Valagalamanda Main
Canal observed large scale spalling / crackingnafeun side concrete and consequently
exposure of reinforcement. “Shot Creting” shall yide a convenient and effective
method for addressing such deterioration on thensndies of all R.C.C structures.

5.3.17._The cost estimate of shot creting can bedss on the following guidelines
Shot - Creting
(i) _Specifications & Procedure of Application.

a) Materials for Shot creting :
Cement, sand, coarse aggregate, water and adnsidreeised in the shot — crete mix.
Ordinary Portland Cement, 43 Grade or 53 Gradebeillised.

b) Sand: Well graded sand as per either of the followingdjmg can be used.

SAND
Sieve Designation Per.centage by mass pass.,ing for
Grading — | Grading - Il
10 mm 100 100
4.75 mm 90 - 100 90 - 100
2.36 mm 75-100 85 - 100
1.18 mm 55-90 75-100
600 micron 35-59 60 -79
300 micron 8-30 12-40
150 micron 0-10 0-10

Sand should be free from deleterious substancesrgagic impurities.
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c) Coarse Aggregate:
The maximum size of coarse aggregate should bectestto 10 mm. It should be
free from impurities, clay / shale particles, anmhform to the requirements of
impact, abrasion, and crushing criteria (viz lesant 45 %) and the soundness
acceptance criteria (less than 12 % with sodiurphaie method). It should have a
specific gravity of not less than 2.6. The aggregdiould be well graded and should
broadly conform to the following grading.

. . . Percentage by mass passing for
Sieve Designation aggregategof 1)(/) mm mpaxm. Sgiz e.
12.5 mm 100
10 mm 85— 100
4.75 mm 10-30
2.36 mm 0-10
1.18 mm 0-5

d) Water: Ordinary potable water with pH value not lesstbaand not more than 8.5
will be used.

e) Chemical Additives:

The following additives be used in the concrete mithe ‘Dry Mix Process’ of shot
creting.

- Sodium Carbonate = 15 Kg per 50 Kg bagenfient
- Sodium Aluminate = % Kg per 50 Kg bagefent
- Calcium Carbonate = 1 Kg per 50 Kg bagerhent
Total =2 Kg per 50 Kg bdgement Viz 4 % by weight of Cement

Alternatively, following additives can be used:

Super plasticizer @ 1 % by weight of cement vizKgoof super plasticizer for 450 Kg
cement to be used in the mix.
Accelerator (say sodium Silicate) @ 5 % by weightement Viz. 22.5 Kg for 450 Kg
cement to be used in the mix.

f) Air Supply:

Properly operating air compressor is essentiahfeatisfactory shot creating operation.
The compressor should be fitted with a moistureaexor to deliver clean and dry air.
For hose length of up to 30 m, air pressure ahttzzle should be 0.3 N / ndrar more.

g)Water supply:

The water pressure at the discharge nozzle shoaildulificiently greater than the
operating air pressure to ensure that the watantisiately mixed with the other
material.

Properly applied Shot Crete is a structurally adégand durable material capable of
excellent bond with concrete as well as masonry.

h) Shot —Crete Mix:

The water — cement ratio should be maintained withe range of 0.40 to 0.50 by
mass. The mix should have a 28 day characteristipeessive strength of not less than
200 Kg / cm2 though strength of 250 kg / cm2 wobid preferable. Normally the
following mix proportions would be adequate.

Cement
Sand

450 kg /'
1100 kg /$¢0.70 n?)
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Coarse aggregate (5 mm — 10 mm size) = 500 R(IN30 M)
Proportioning of mix = 1:2.44:1.11

5.3.17. Application of Shot Crete: Following guideéhes and sequence will be followed:

1)
2)
3)

4)

5)

6)

All unsound and deteriorated concrete be removedchipping done, wherever necessary,
or sand blasting done.

Exposed reinforcement bars be cleaned free of/rastles. Additional reinforcement be
provided if and as warranted.

Ensure sufficient clearance around the reinforcern@mpermit complete encasement with
sound shot crete. A clearance of at least 50 mmlgHee provided.

Air — water jet be applied for final clean — uptb& surface. Spray pneumatically the first
layer of shot crete of about 38 mm thickness (lolfmckets) will consume more shot
crete).

Next “Welded wire mesh of size 100 mm x 100 mm mf®” be nailed, butting with shot
crete. Binding wire of 20 guage or 24 guage be @isehinding of wire mesh panels.

The second and final layer of shot crete of thiskne 38 mm be than pneumatically
sprayed over the first layer. The finished shoteceeirface should be kept continuously wet
(viz. cured) for at least 7 days. Alternately, ‘mmane —forming chemical curing
compound’ be used for curing. A re-bound of 25 %3® % would occur and the re-
bounded material is not to be re-used in the stabé enix.

5.3.18. Quality Control of Shot - Creting

The shot creting operation should be continuous$pécted by the engineers who should
check the materials, concrete mix, shot cretingipgeant, application of shorcrete, and
curing. The finished surface should be sounded wittammer for detection of any hollow
pockets due to lack of bon&uch hollow pockets or other defects are requicedbe
carefully cut out and replaced with the new shetecdayer. The first layer is also to be
sounded with a hammer and remedial action takenafoy hollow pockets before
commencing the application of the final layer.

Measuring Devices on Irrigation ChannelsDistribution System.

Presently, there is no measuring structure on drtpheo canal distribution network. The
existing sluice structures are not calibrated thcate the quantum of flow in the off-taking
channels. Neither there is any measuring devicendbeam of the Regulating Division
Dams.

Provision of CTF (Cut — Threat Flumes) in fibre gfareinforced plastic (FRP) material
with “hold fasts” to be embedded in the concretaicdires should be made in the cost
estimates. Such a flume has engraved gauge markicentimeters as well as in litres per
second.

A large number of CTFs have been constructed irSRBC distribution system of AP I
project. Designs / Drawings and data on cost estisniae obtained from SRBC engineers.

A measuring structure be provided at off takesisifridbutaries from the main canal / branch
canal and minors from the distributory.

b. Feeder Channels :

The mission observed one “Feeder Channel”, off kintafrom the surplus weir of
Sadasive kona project. This channel is in a poapshlt is associated with extensive
Jungle growth, silting, and widening of banks atesal locations.
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In all such types of feeder channels, re-sectioaimg) strengthening works be carried out,
and masonry walls provided wherever necessary.

Reinforced concrete :
In all reinforced concrete structures, the minimgnade of concrete to be used should not

be less than M 20. This is irrespective of the graficement used as per Indian Standard,
IS 456: 2000.

d. Gabion Structures.

Construction of “gabion structure” proves very effee in earth control, and soll

conservation. Gabions can be very usefully usedstieam training works and for

controlling erosion of earth. Where the outflow ©hal downstream of a weir poses a
serous problem of slippages of earth, gabion rigigiwall provides a practical solution to
control such slippages.

Specifications:

ASTM Designation: A 975 — 97 outlines thetandard specifications of “double twisted
hexagonal mesh gabions”. Particulars about the mgsh and wire diameter of Zinc
Coated gabions are given in Sketch 3.( Page 76 ).

Definition of Gabion:

It is a double twisted Zinc coated wire mesh comniof variable sizes, uniformly
partitioned into internal cells or diaphragms, inteconnected with other similar units,
and filled with stones at the work site to formeifible, permeable, monolithic structures
such as retaining walls, revetments etc,.

The gabion shall be fabricated “Maccaferri” typeeguivalent supplied by an approved /
reputed manufacturer.

The stones used should have a minimum size ofesstthan the mesh width, as shown in
Sketch 3. D is the distance between the axes dfuisés.

Important Points in Gabion Works

a) Stones to be used shall be of good quality viz lgafdee from soft seams or of any

disintegration features.

b) Stone size shall range from about 200 mm to300 8tane size of 350 mm shall be

c)

preferable.

Use of small stones shall be restricted to the mami feasible extent of fill the voids
between bigger stones. Such small stones shalldavieaimum size of not less than D,
where D is the specified mesh width.

d) The Gabions and Mattresses shall be flexible géeaingabions with the mesh panel

wire of 3.0 mm dia, and shall be Maccaferri typeequivalent, and shall be procured
from reputed agencies.

e) Foundation for each Gabion shall be free from degioms and protrusions. Any

f)

depressions are to be filled with suitable soilavgl, moistened and consolidated. The
protrusions are to be struck and leveled. Tolerdocesurface irregularities shall not
exceed £ 6.25 cm.

The Gabions shall be divided into cells by diaphagwhose length shall not be more
than the width of the gabions. Diaphragms shalptmevided at not more than 1.0 m
interval.
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g) Where more than one layer of Gabions is to be thielse be placed with a minimum
step of 0.15 m between the faces of the lower gpatiuGabions Boxes. In high walls,
a step of 0.50 M shall be appropriate.

h) All Gabions shall be connected to each other atmrgers with — Lacing, the wire to
be passed through each mesh making a double tweist ether mesh.

i) Careful attention shall be given to the filling oation to ensure that the stones are
placed evenly in the baskets with minimum voidoa@tween. Smaller stones shall be
hammer wedged into the voids. All external storfesll e of big size, preferably of
200 mm — 300 mm size range.

i) The stone to be used for the top layer of GabioreBaoshall have a flat surface to
ensure that the wire does not rest on sharp coafiatene if these are not flat.

k) Bracing wires shall be used as per Manufacturesgtictions in the Brochure.

I) A Gabian shall not be completely filled until théjacent basket has been half filled in
order not to cause displacements / bulging dutilfigd.

m) Before filling, adjacent baskets shall be secudgkther with steel lacing wire, duly
galvanised.

n) Gabion walls shall have a vertical face, not eyac#rtical, but shall be given a slight
angle to the vertical (Say 1.0 horizontal to 10&rti¢al). This shall be achieved by
sloping the foundation accordingly. This shall taé@re of the effect of back-fill
pressure & also of the settlement / consolidatiohe foundation.

(Construction of a Typical 8.0 m high Gabion Walillustrated in Sketch) ( Page 77 ).
e. Dam Safety and Logistic Support from CDO & Dam Séety Panels.

The mission visited the earthen embankment of Thakd of Vengalaraya Sagar M.l
Scheme. It is of 11 m maximum height and sufferstrelés features including seepages
emerging at downstream toe, causing water — loggiradpout 400 m reach. The toe — drain is
full of jungle growth and provision of any rock eetcould not be ascertained. The top width
is also short of the originally designed 2.4 m WidBoth the slopes are covered with a thick
jungle growth. Stone revetment is disturbed at stooations. The field engineer reported
breaching of a portion of embankment on left flamkl978 and another breaching on right
flank, in 1983.

The mission strongly feels that technical inputgfrCDO are needed for rehabilitation of this
bund, based on which the cost estimate can beiz@thl Like—wise, there may be large
number of tank bunds of £ 10 m height and somestaven higher than 10 m and in the
range of 10 m — 15 m, which may be suffering frame sort of distress or the other. Logistic
support from CDO will continue to be needed forlsbands for an effective rehabilitation in
a systematic manner. Also, it shall be expediedtrasult — oriented if GOAP constitutes a
“Dam Safety Panel” for each of the three regiongépect such earthen bunds (also anicuts
and weirs) and guide the project engineers on peeific measures to be taken for the
implementation of rehabilitation measures of thems and the appurtenant works.
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Zinc — Coated Gabions

Mesh type Wire diameter(mm) Thickness(M)

2.70
10 x 12 3.00

2.70 0.50
8 x 10 300
6 x 8 2.20
2.70

1.00
5x 7 2.00
2.40

Lacing wire and selredge wire diameters wilbeled upon the mesh

opening
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