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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.

-8-



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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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.
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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
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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
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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
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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
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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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Foreword

The Government of Andhra Pradesh has initiatedptioeess of providing substantive and
enabling role to farmers benefiting from irrigatipnojects for management, operation and
maintenance of the irrigation infrastructure by aimy the APFMIS Act, 1997. Following
this, I&CAD Department has carried out minimum reititation of the M.l tanks through
Water User Associations. Performance evaluatiorthef WUAS highlighted the need for
investment in institution building to enable WUAstake up irrigation system management
responsibilities. This has now been initiated ia RCAD Department as part of the ongoing
sector reforms process under the flagship of “Zaagm” programme of Government of
Andhra Pradesh in tune with the Mid-Term Appraisaithe X Plan and observation of the

Sub-Group on Agriculture and Irrigation of the Natal Development Council.

I&QCAD Department is already implementing a projeah “Repair, Renovation and
Restoration of water bodies directly linked to Agiture” with assistance from Government
of India in the districts of Ananthapur and Mahahoagar. I&CAD Department has
developed a step-by-step process guideline towsedbng up of the above programme to
benefit 2.5 lakh ha under 3000 tanks at an estonedst of Rs. 1000 crores with financial
assistance from the World Bank and the Governménhdia under theAP Community
Based Tank Management ProjectThis restoration work is proposed to be underake

three batches over a period of next five years.

The Project Implementation Plan has been preparedttas a guiding document, describing
the activities of the project on spatial and temapscale. In addition, a set of six Operational
Manuals on various components have also been meparsteer the project stakeholders in
effective implementation of the project. Presenlunte is one of the series of these six
manuals. Though sufficient care is taken to avaiy a&ontradiction with the existing

provisions, however in cases of any ambiguity ont@diction, the existing statutes and
government orders would prevail. We welcome anygsations for further modifications and

improvement.

Commissioner,
Irrigation & CAD Department
Government of Andhra Pradesh






PREFACE

In terms of the conditions laid down by World Bamkmanual of Quality Control for A.P.
Community Based Tank Management Project is preparedder to have uniform procedure
and testing methods of Quality Control Management.

The manual is approved and released by the ChigihEar, Minor Irrigation for systematic
and strict implementation by all construction stafid Quality Control Staff of Minor

Irrigation Department.

Chief Engineer
Minor Irrigation
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CHAPTER — |
Quality Assurance And Control

1.1 Objectives of Scope of Quality Control:

The objective of quality control management is dlect, process and then communicate the
data related to the quality of inputs and outpstsvall as finished item of work to those who
are responsible for the quality. Any programmeyeélity control seeks to ensure adequacy
and uniformity of quality through the following ofions.

a) Inspection of storage, handling and processinglitiasi for all materials in
conformity with accepted or specified practice.

b) Monitoring the variation in specification of the tedals and quantities used in the
operation of production and in the final product Byitable observation,
measurements or tests.

c) Analysis of the observed variations by statistaabther techniques.

d) Feed-back of the results of analysis for exercfseoatrol at each stage and to take
corrective steps for maintaining the variationgwritspecified limits.

e) Indicating expeditiously the possible remedial niees, if specifications are not
likely to be met.

f) Rejecting, where warranted, the material or thedpecod at any intermediate or final
stage in case acceptance criteria is not satisfied.

1.2 To maintain uniformity in setting up the standarntifecomes more imperative to have a
Quality Control organization covering all the Enggming Departments of the State Viz., | &
CAD., R & B and Public Health Department, it isalsoticed that, not much emphasis is
generally is laid on the Q.C. and Q.A. aspectslnmoat all the Engineering Departments of
the State as compared with the construction aietbvit

To achieve the above objective, Engineers who iaere, hard working, experienced and

specially connected with quality control works widdequate knowledge of testing of

construction materials have to be enlisted frontheldepartments. Special pay is to be given
to attract best personnel.

The Quality Control is to be exercised at variciagiss of works, like.

a) Selection of material

b) Testing of material

¢) Procuring material

d) Checking of pre and final levels.

e) General supervision of works.

f) Checking the properties of final products.

CONFIGURATION OF QUALITY MANAGEMENT SYSTEM

v ’ ’ '

Quality planning Q.C.
manual Training of Quality audit
Q.C/ Q.A. staff, Quality Control Quality Assurance Quality improvement
infrastructure etc.




1.3 Quality Control (Q.C):

The operational techniques and activities thatiaesl to fulfill the requirements for quality.

1.4 Quality Assurance (Q.A):

All the planned and systematic activities impleneentwithin the quality system and
demonstrated as needed to provide adequate coodidieat an entity will fulfill requirements
for quality and making sure that the quality ofraquct is what is should be.

Purpose of Quality Assurance is to prevent problbefsre they occur to identify and correct
them swiftly if they occur, and to uncover root sewl

1.5 Quality Management:

All activities of the overall management functidrat determine the quality policy, objectives
and responsibilities, and implement them by meanhk as Quality planning, Quality Control,
Quality Assurance and Quality Improvement withia tjuality system.

1.6 Co-ordinations:

a)

b)

C)

d)

e)

9)

h)

The construction staff and quality control staffshact in tandem as a single unit to
achieve finished product of good quality and cardton as per standard
specifications.

Construction staff should make it a point to infotime quality control staff, the date
of starting of any component of the work well invadce so as to enable the quality
control staff to schedule their plan of inspectamd attend that particular work on
that particular date.

In turn, quality control staff should programmeithénerary so as to attend the work
on the dates required by the construction staffarsdire that, the progress of work is
not hampered.

The construction staff shall be responsible foreigseng the various field checks with
reference to drawing and specification laid down r@spective |.S. codes and
agreements etc., during the construction and cagrput all the tests required on
materials used in construction, and on the finisiwedk, and recording the data and
results in the field registers.

The agency shall be made responsible to providipegunt for all the field tests to be
conducted on the work. The equipment has to beermadriably available for all the
testing of Q.C. and construction wings.

The quality control staff shall also posses theuiregl equipment and conduct the
field tests to check the quality of input materiaied finished product and pass their
remarks in the placement Registers. Defects, yf aoticed by the quality control
staff during their course of inspection shall beought to the notice of the
construction staff then and there. It is the daityhe construction staff to attend to
the rectification and maintain specifications amfea out by their counter parts in
the quality control organization.

As far as possible the defects are to be rectifigtie presence of the quality control
staff and the payment shall be effected only afterquality control staff has fully
satisfied with the rectification and quality of wor Any rectification done
subsequently without, any intimation and verifioatof quality control staff shall be
at the sole responsibility of the constructionfstaf

The Quiality control staff cannot supervise the @haent of concrete or mortar on a
mix to mix basis continuously. They can only coctdtandom check. It is the
primary responsibility of the construction staffdnsure adequate supervision of mix
to mix placement of concrete or mortar.

The operations of the Quality Control staff shalither interfere in any way, with the
executive powers vested nor diminish the respoaliigilwf the officers in charge of
execution. The field officers in charge of work® grimary responsible for the
quality of all works and to carryout the work as fiee technical specifications.



)

k)

In case of difference of opinion between qualitptrol staff and construction staff, it
should be sorted out by way of discussions inenftly atmosphere with mutual trust
as the following guidelines indicate.

Where the objection raised by the section offiadrquality control is not acceptable
to his counter part of the construction unit, DyeE¥ngineer of construction shall
discuss with his counter part of quality controlste the objection. If they fail to

arrive at a solution, the matter may be reportethéoExecutive Engineer, in charge
for execution and Quality. In case Executive Eegim Quality Control is unable to
settle the issue or dispute he would refer to Soprding Engineer to settle the
issue.

Disciplinary action shall be taken against thefstahcerned, who frequently violate
the above norms and appropriate measures takemsadiae contractor to rectify

unacceptable work at contractors cost.



CHAPTER -2

ORGANIZATION SET UP

2.1 General:

a) Anyone connected with quality control work shoulispess adequate knowledge and
experience of quality control works and be conwersaith general testing of
construction materials. The object of quality cohshould be clearly understood by
them in letter and spirit so as to help in congiomcand achieve high order of quality
as laid down in specifications for works by cortng) various factors responsible for
deterioration in quality investigating reasons é#fiere and suggesting ways and
means for improvement and not to hinder the pragres

b) To have proper control quality control setup stwalhsist of one sub- div with 4
AE's/AEE's for each district under the SuperintagdiEngineer in charge for
execution and quality control and he will be vesteth full powers in regard to
quality assurance, quality control and quality &utle Superintending Engineer will
be under the control of Chief Engineer Minor Irtiga.

¢) One exclusive Sub-Division will be put for eachtdid under the Superintending
Engineer who is in charge for quality control tovd&ffective quality control.

d) Quality control Sub- Division headed by the Dy. Extive Engineer entrusted with
quality control works will have four AE's/AEE's asHtall be provided with necessary
field testing equipment for conducting field teatsmay be necessary.

e) There are number of level Il Labs and field labshe major Project areas available
for conducting tests for soils, materials and steeaddition to these Laboratories the
A.P.E.R.L as a main Level-I Laboratory at Hyderabad be utilized for the tests for
the purpose. As on to day many Engineering coflege available in every district,
who can conduct the requisite test for the worksg@xecuted, whenever required.

f) One filed level Il lab preferably at district hegdarters shall be formed utilizing any
of the existing buildings with basic equipment esisé for the tests involved in these
works. This lab can be upgraded and utilized footaer works of the circle.



ORGANIZATION CHART OF STAFF

CHIEF ENGINEER

Superintending Engineer (Minor Irrigation)
(Execution and Quality)

Executive Engineer (M.I) Dy.E.HQ.C)
for each district

] '

DEE1 DEE2 DEE3 DEE4 AEES/AE1  AEES/AE2 AEES/AE3
AEES/AE (4) AEES/AE (4) AEES/AE (4) AEES/AE (4)

AEEBA
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CHAPTER -3

3.1 Duties and Responsibilities of Section OfficdQuality Control):

1) To study thoroughly the specifications, drawingstineates, agreements, etc.
pertaining to every work under his jurisdiction.

2) To insist & ensure his construction counterpartmaintain the prescribed field
registers and to see that entries are made regulaapses to be brought to the notice
of the D.E.E (Q.C) / E.E.

3) Shall check the mark outs of the areas and entmade in the respective register by
his construction counterpart.

4) To check the pre-levels/final levels recorded g ¢bnstruction staff to the extent of
min.25% of his counterpart and to inform the Dy.H®.C) immediately, together
with variation if any.

5) Shall possess required field testing equipment.

6) To submit monthly return of the L.F. books’ pageed along with details of field
tests carried out to the Executive Engineer beBlref every succeeding month.

7) The foundation levels of the structures have talerked at every stage in addition
to the verification of foundation soils and itstability as per design.

8) The materials collected at the site of work shobél tested in addition to the
verification of the tests carried by the constructstaff.

9) Shall check the adequacy of the construction egaiftrand operations of execution.

10) The suitability of the materials as well as arelasllsinvariably be entered in the
relevant registers in red link.

11) Shall conduct all field tests like slumps, watemeat ratios, mix quality etc., during
the work and shall maintain record of field tesiaducted.

12) Shall make random checks of feeding of input makeand mixing time.

13) Shall check and see that the preparation of thé&ameiris properly done before
proceeding further.

14) Shall check the adequacy of curing/watering andl ska that the final surfaces are
finished neatly, to plumb to straight lines etc.

15) To ensure that, all items of works are carried asitper approved drawings and
specifications. If any variation is noticed, tfare should be noted in the placement
register in red ink and shall bring the same tonibigce of Dy.E.E (Q.C).

16) Defects, if any noticed during execution of worke & be pointed out and recorded
in the placement register. Shall insist his coypate for rectifications and
compliance before allowing further work. The faétrectifications so carried out is
to be certified and recorded in the field registers

17) Shall submit extracts of the placement registersage of major defects, pointed out
along with the action taken to the Dy.E.E (Q.C)wdbpies to the E.E.

11



3.2 Duties and Responsibilities of DY.E.E. (Quality Coftrol):

1) Shall ensure that the copies of the specificati@approved drawings, estimates,
agreements etc., pertaining to the works undejjuhisdiction are obtained.

2) To insist his counterpart to ensure maintenandheprescribed field registers and to
see that entries are made regularly and made bleadathe work site.

3) To check the pre-levelffinal levels recorded by tbastruction staff as well as AEE
(QC) to the extent of at least 10% of the totaharevered by the const., staff.

4) The monthly return of the LF Books’ pages used loy should be submitted to the
S.E. by %' of the succeeding month.

5) He shall invariably check the foundations of allpmnents of works and C.O.T. and
make necessary entries in the concerned registers.

6) To test the materials collected at the site of watrkandom and record the same in
the relevant field register.

7) All the test results as entered in the registershigyconstruction staff and the AEE
(QC) shall be verified.

8) Shall conduct field tests like slump, percentagegrddation of fine and coarse
aggregates at random and details of all such aest® be submitted to the S.E.

9) Shall check the test reports of cement, date ofufis@ture etc., and satisfy himself
before allowing the same for use.

10) Shall check at random, feeding of input materialiing, placing, vibration, rolling
etc.,

11) Shall verify the entries made in the placementstegiin respect of area clearance by
the A.E.E. (QC) and should affix his signature éier

12) Should always record his remarks/observationsarptacement registers, only in red
ink and affix his dated signature.

13) Shall intimate the defects, if any, to his coungerand submit copies of the same to
EE (Const.,) as well as to S.E. (Q.C) and to enthae further work is carried out
only after the rectifications are done. The factarrying out rectifications by the
construction staff should be verified and entresorded in the field registers.

14) Shall verify the compliance reports furnished bg ttonstruction staff from time to
time and submit verification report to the S.E.adingly.

15) Shall bring to the notice of the E.E (Constructiamy important deviation, defects
and persistent non-compliance of rectificationsaimbly.

3.3 Duties and Responsibilities of Superintending Engigers:
1) Shall ensure that meetings/classes are conductetheéb\E.E. (Construction) and
D.E.E. (Q.C) with all the field and Q.C. staff.

2) Shall monitor the Q.C. operations keeping the msgrof works also in view and
shall review every month the outturn and the oVevark of the Q.C. sub-division
which is directly under his control.

3) Shall ensure that all the necessary documentsffecare made available by the
construction staff at the site to the Q.C. staffcase the same are not made available
by the construction staff, in time.

4) Shall obtain the inspection reports from the E.&s ia case of major defects he shall
inspect the site and take up necessary actionsr&dtifications.

12



5)

6)

7

8)

On requisition from the construction staff, in casef variation in
classification/quantities for more than 25%, hellshapect the works.

Shall obtain monthly returns from the divisions $th of the succeeding month and
fortnightly returns by 20th of the same month atidd& succeeding month for the 1st
and 2nd fortnight respectively.

Shall insist his construction engineers on furmighihe compliance reports on the
remarks pointed out by the Q.C. staff.

Shall issue technical circulars whenever necedsattye Q.C. staff on quality aspects
with a copy to C.E.

13



CHAPTER -4

4.1)Duties and Responsibilities of Section Officers (CGtn.):

1)
2)

3)

4)
5)
6)
7

8)

9)

To supply the copies of estimates, Agreementstet®.C. if not already supplied by
the E.E/S.E.

To study thoroughly the specifications, drawingstireates, agreements etc.,
pertaining to every work under his jurisdiction.

To open the following registers immediately in irteforma on grounding the work.
- Site order book
- Mark out register

- Placement registers for different items of work @arth work, masonry, concrete,
revetment, plastering etc.,

- Bench mark register

- Compaction registers in case of embankment

- Material testing register

- Reinforcement register

- Load register in respect of concrete

- Register of test report of compressive strengttootcrete specimen.
- L.F. Books

- O.K. Cards

- Note: The above registers can be maintained combinedlgnie register by
allotting required pages to each item of work dejiggmupon the nature.

Shall see that the mark out of the area to beeddkl properly given and recorded in
the register duly checked by D.E.E (Construction).

Shall see that the O.K. cards are kept ready asitheof work before starting the
work and that they are used at different stagesook.

Pre-levels and final levels should be taken in eespf earthwork and got them
checked by the Dy.E.E. (Constn.).

As soon as the cutoff trenches are excavated attteshould be intimated to the Q.C.
staff and get them passed, area wise, beforegfiltie C.O.T.

Foundation levels in respect of structures maydeended and got them checked by
the Dy.E.E. (Constn.) immediately including verdiion of soils met with and the
same should be intimated immediately, to the AER BEE of Q.C. to check the
levels and soils, and get the areas passed byt®@f@re laying concrete.

The returns of L.F. Books' pages used, M.B. pagesdu progress reports, log
extracts of all machinery etc., should be submittethe E.E. concerned before 20th
of the current months for 1st fortnight and 5thiteé succeeding month for the 2nd
fortnight.

10) The construction materials required may be goectdld at site and should be tested

by them. Results must be furnished to Q.C. staff weadvance, so as to enable them
to conduct necessary field tests required for pgssi the materials.

14



11) The field tests required are to be conducted ferrttaterials collected at site. The
fact may be recorded in the material register.

12) The samples of materials proposed to be used owdhie are to be collected and to
be sent to the laboratory for testing them suigbiand the results from the
laboratory may be obtained before staring of thekwior the samples which cannot
be tested in the field.

13) Copies of the above test results shall be maddaf@ito the counterpart for study
and verification.

14) The values of OMC and MDD may be obtained for thigsdrom the laboratory in
advance.

15) All the materials proposed to be used and the d@aplacing the embankment,
earth/concrete may be got passed by the Q.C. stfdfe starting of the work.

16) To examine the foundations, to asses whether treejoahe designed specifications,
and to record the same in placement registers.

17) If the above soils are varying from the proposkd,revised drawings may have to be
got approved from the competent authority and #raesare to be furnished to the
Q.C. staff.

18) The earth/structural work should be carried ouictsyr in accordance with the
specification laid down in APSS and relevant IS €ydas well as agreements. In
case of any discrepancy, the same should be braoglite notice of the E.E.
(Constn.).

19) Before starting the concrete work, he should ensinva@ the materials and
requirement available for the work is adequatdéeadt 20% of the required materials
shall be ensured for the purposes.

20) Shall supervise and ensure that the correct qiemtitf input materials including
water as per the mix design communicated by thé&raeaboratory are fed into the
mixture/batching plants and shall ensure adequatagrtime.

21) Shuttering for concrete/R.C.C. is to be checked onty for dimensions, but also for
gaps between shutters, denting shutters, befoosviall the concrete for getting
correct shape and smooth faces.

22) The steel used for reinforcement is to be got te&ie its tensile strength, diameter,
unit weight etc., and to satisfy himself before.uderoper cover to be ensured for
reinforcement.

23) The pre-measurements are to be recorded for tke¢ @sed for RFT in the RFT
register and to be checked by the construction BEdEthe Q.C. staff before laying
the concrete.

24) Proper vibration should be insisted to avoid honegnbing or segregation. Shall
ensure that stand by vibrator is kept at site akwo

25) Shall ensure proper curing of concrete sampleeacil, till the stipulated time is
over and to make arrangements to send the sanopties laboratory.

26) The concrete samples may be obtained during thiegayf concrete and the same
may be sent to the laboratory and got them testethéir strength for 7 days and 28
days respectively. The results obtained may berded in a separate register. Latest
technology and equipment should be used for purfmosest at site.

27) Shall ensure green cutting of concrete with brughgtrapping, chiseling etc., so as
to prepare the surface for the next lift of work.
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28) Shall ensure proper curing/watering and shall allogvremoval of the centering only
after the time limit prescribed in the specificago

29) All the field registers are to be kept at site ahobuld be made available to the
inspecting officers and obtain their signatureshwut fail. If the same are not
recorded, as and when, the work is inspected theetned construction staff will be
held personally responsible.

30) Further work is to be done only after attendinghe remarks of the Q.C. staff and
after obtaining their signature, in token of thetceptance.

31) As field officer, he shall primarily be responsildfle any defective material being
used and for any flaws noticed in the execution.

32) For the same work, no two L.F. books/M. Books figdgjisters should be operated
simultaneously.

33) For embankment P.D. tests have to be conducte@&rakS code 2720-1971 @ the
rate of at least one test for every 500 cum ofheardrk and at least one test in each
layer of the embankment.

4.2) Duties and Responsibilities of DY.E.E. (Consth

1) The date of handing over the site to the Contraptounding the work, is to be
intimated in writing, well in advance to the E.lBdaDy.E.E., Q.C., along with copies
of estimates/agreements, specifications etc. ifiretdy supplied by E.E./S.E.

2) The pre-levels/foundation levels recorded by th®@. $constn) should be checked and
the fact of checking is to be intimated to the DE.HQ.C) through a requisition in
writing for facilitating the checks by Q.C. staff.

3) As soon as the cut-off trenches are excavatedfatteshould be intimated to the
Dy.EE (QC) and the area got passed by Q.C. stdffrderoceeding with further
work.

4) Shall regularly inspect the work in progress andcghthe work of AE/AEE and
conduct test check personally, during his visit.

5) He should ensure that the work is carried out inoetance with the approved
drawings and specifications stipulated in I.S. Godd>SS, agreements etc.,

6) He should ensure that the returns of L.F. bookgjepaused, M.B. pages used
progress reports, log extracts of all machinery, efeould be submitted to the E.E.,
construction.

7) He should ensure that, all the registers are niagdegproperly and verified regularly
every month at the site of work and see that teynzade available to the inspecting
officers.

8) He should ensure that the tests such as compdesofor earth work, slump test for
concrete, bulking for sand and the sieve analymigHe coarse and fine aggregates
are conducted and the results recorded in the ctgpeaegisters and also furnish to
the Q.C. staff.

9) The Dy.E.E., himself should also conduct the fielsks whenever he inspects the site
to the extent possible and satisfy himself with tagults and then record personally
in the registers.

10) Latest technology and instruments should be usecbioducting the tests.

11) A statement showing the weekly reports of testgluoted by the construction staff at
site may be submitted to the Dy.E.E. (Q.C) and EdBstruction.
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12) He should ensure that, same soils are being usehfoankment works, from which
the samples are sent to the laboratory for OMC D and satisfactory results
obtained.

13) Shall check the feeding of input materials, mixipdpcing, vibration, rolling etc.,
during his visits.

14) He should furnish the weekly progress report onntheks to his Q.C. counterpart.

15) He should check the ongoing works at regular irstisrand should ensure that at least
25% work is covered in the check measurement done.

16) Should personally look into the remarks/defectsnfeal out by Q.C. staff during
inspections, carryout the rectifications, prepaympliance reports and submit to the
E.E/Construction for onward transmission to Q.Quit,ufor dropping the remarks.
The remarks pointed out in placement register ateato be attended to immediately
and rectifications carried out and got certified the Q.C., staff in placement
Register.

17) The D.E.E. construction shall also be responsibteahy defective material being
used and for any flaws noticed in the execution

18) The D.E.E should check the bench marks and isscertdicate authenticating the
location and values of the BMs in the bench magister.

19) The D.E.E. should check the pre-levels and finegéle of every item of work and
record the levels in a separate L.F. book.

4.3) Duties and Responsibilities of Executive Eng@er (Constn.):

1) Shall ensure that the activities of the Q.C. aspart incorporated in the agreement,
so as not to allow any objections to be raisechycbntractor at a later date.

2) Shall intimate the Executive Engineer/D.E.E., QuyalControl immediately after
concluding the agreement. He should also furdishcopies of sanctioned estimates,
agreements/specifications, with approved drawioghé Executive Engineer/D.E.E.
( Q.C) and superintending Engineer, Q.C.

3) Shall furnish a return regularly by 5th of everyntig showing the list of ongoing
works in the proforma communicated, directly to @kief Engineer, Q.C. for the
purpose of vigilance checks.

4) Shall ensure that all the field registers are nuetbeuly authenticating the same and
to issue to field officers in advance of the como®nent of works. All the registers
should be verified and reviewed every three momthd also to be verified while
making payments for running bills.

5) Shall ensure that the latest equipment for carnpuog the tests by the staff, are
procured and made available.

6) Shall also ensure that all the machinery/equiprbeinig used by the contractor are
got periodically calibrated.

7) Shall see that OK cards are kept at the site okvi@r the use by the construction
staff before starting of any work.

8) Shall conduct classes and should impart knowledgénportant matters in the
construction activity along with specifications tloe staff under him periodically,
preferably for two or three times, till the fieldaff are fully acquainted with the
specifications.

9) Shall inspect the cement godowns of the contractgencies periodically and ensure
the cement is stacked and stored properly andussoin the order of “First come
First served”. Consignment certificate from thenofacturers must be obtained for
each supply and a copy of which should be furnidbetthe Q.C. staff along with a
bag of cement of that consignment for testing enléboratory for verification of their
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results furnished by the manufacturer. The cemeyt be tested for fineness as per
I.S. code 4032-1985.

10) C.O.T: This has to be checked by the Executivergsy. The C.O.T, mainly in the
gorge portion, should be invariably checked anduests that the base is of
impervious strata duly conducting permeability tassite by Japanese method or in
Lab. As per I.S. 2720(Part-17) — 1986.

11) The foundations, reinforcement, shutters, centegitcg of all important works must
be checked and certified by the Executive Engimedore starting of the works and
area should be passed.

12) When ever serious lapses/irregularities/deviaticar® noticed he shall take
appropriate steps to rectify the same in time andptly.

13) Shall instruct the field staff that the remarksrnged out by the Q.C. staff should be
attended to immediately and compliance reportstarée furnished in time for
verification by the Q.C. staff. Belated submissmincompliance reports does not
give scope for verification of the rectifications.

14) He shall note and instruct his field staff that tioe fulfillment of the Q.C. checks or
non rectifications of the defects pointed out by @.C. staff may be considered as a
disqualification for the acceptance of the work #mel responsibility for the same lies
with the construction staff only. This shall be @resl while payment of work done
running bills.

15) He shall take appropriate action and guide hisl f&&ff in obtaining the design mixes
in advance so as not to suffer the progress of vabrk later date, in co-ordination
with the Q.C. counter parts.

16) Whenever there is variation in the earth work gii@stmore than 5% and up to 25%,
it should be got checked by the D.E.E. (Q.C) artteafvariation 25% it should be got
checked by the Superintending Engineer, (Q.C).

17) Whenever there is any difference in the specificatbetween the codes, i.e. |.S.
codes, A.P.D.S.S. etc., and the agreements, tlenatidition of the agreement will
only prevail unless amended.

4.4) Duties and Responsibilities of SuperintendinBngineer (Contn.);

1) Shall closely monitor and review the progress oflweeriodically and ensure that
the progress of work is in accordance with the ustifed programme and
specifications.

2) Shall conduct meetings/classes with the staff dbelow so as to impart knowledge
of important points in the execution of the works.

3) Shall ensure that all the documents reach diffdex@is of the Q.C. set up by taking
up the matter with the concerned Executive Engmeer

4) Shall ensure and arrange for the use of latespetrit at the site of works for the
tests to be carried out.

5) Shall periodically inspect the sites of works to eattent of a minimum 2% of the
works monthly and issue inspection reports witlopydo C.E.

6) Shall ensure personally that the major defectctifig the stability of the structure
pointed out by the Q.C. staff are rectified imméeliwand only then, further work to
be carried out.

7) Shall issue general circulars from time to timeatinthe matters relating to monthly
returns, progress reports, compliance reports &ttis level to all the divisions so as
to maintain uniform procedure.
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CHAPTER -5

TESTS TO BE PERFORMED ON MATERIALS

MATERIAL TEST METHOD
Cement a) Chemical IS: 40325198

i) Sio,, Al,03, Fe0s, Cao

MgO, SQ, Insol, residue & Loss

On ignition

i) Alkalies & Chlorides

i) Free Lime

> At any level |
b) Physical or Il labs

Coarse Aggregates

Water

Admixtures

i) Specific gravity

i) Fineness

iil) Soundness

iv) Compressive strength
v) Drying shrinkage

i) Sieve Analysis
ii) Flakiness index
i) Elongation index
iv) Deleterious materials
v) Specific gravity
vi) Bulk Density
vii) Moisture content
viii) Absorption value

Mechanical tests

ix) Aggregate crushing value

X) Impact value

xi) Abrasion value

xii) Potential reactivity of aggregate
xiii) Petrographic examination

xiv) Alkali Aggregate reactivity test

Chemical

i) CL, SO4, Organic & Inorganic Solids,
pH, Alkalinity/Acidity

i) Setting time of mortar

iii) Relative strength of concrete

i) Relative water content
i) Bleeding

iii) Relative strength

iv) Setting time

v) Relative length change

IS: 23863196

PART I

PART Il

PART I

PART IV

PART V

PART VII

PART VII

IS: 3025-1968
IS: 516-1959
1S: 1199-1959

IS: 910599
1S:9103-1959
1S:516-1959
1S:8142-1959

1S:1199-1959
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MATERIAL TEST METHOD
Concrete a) Fresh Concrete 1S:516-1959
i) Air content
ii) Vibration
i) Yield
iv) Temperature measurement
V) Mix prop:
vi) Water cement ratio
b) Workability test 1S:516-1959
i) Slump test Usual procedure
i)Compaction Factor test IS:CED2(CESS)
ASTM C 597-83
¢) Hardened Concrete BS 4408
i) Compressive strength PART 5:1974
i) MDT Tests IS:CED2(3890)
iif)Ultrasonic pulse velocity ASTM C805-85
iv) Rebound Hammer BS 4408
PART 1971
d) Special Test
i) Microscopy
i) Non-destructive
iii)Core Testing
Embankment i) Disturbed grain size analysis 27130 Part (iv) 1965

i) Proctors compaction
i) Atterbergs Limits

iv) Permeability

V) Shear test

vi) Specific gravity

IS 2720 Part(vii&i)io65
IS 2720 Part (v) 1970
IS 2720 Part (xvii) 1966

IS 2720 Part (xiii) 1972
IS 2720 Part (jii) 1964
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CHAPTER -6

FREQUENCY OF TESTING

Sl

NoO Test Frequency of Test Purpose Test Designation
1. Gram size analysis One test per day To know the As per
For classification for every 3000 rh classifications of IS-2720-1V-1975
soil actually put in
the embankment
IS-2770-V-1970
2. |Atterberg Limit test One test per day -do-
15-2720-111-1964

3. [Specific Gravity One test per day -do-

4. |Field Density and One Test for every To determine the IS-2720-XXVIII-1974
Moisture content & 500 n? of earth placement density IS-2720-XXIX-1966
consolidation test work and at least one and moisture IS-2720-XXXIlI-1971

test in each layer laid on |content
embankment.
5. Consolidation Test | 1 set of 3 samples in IS-2720-XV-1965
Every 6m height To know the
Of embankment or Settlement
for 30,000 m3 or once in tRate and its magnitude
days
6. Standard Proctor [One test per day for To determine MDD and  IS-2720.VI1I-1970
Test individual borrow OMC of the soil and
Area compare the results with
Laboratory value
7. Moisture content One test in each To know the 15-2720-11-1975
Sample Moisture content
of the sample
8. Shrinkage Factor One test in one week To d . IS-2720-PartVI-1972
or 5 mtrs of embankment |0 Eterm".‘e.
; Shrinkage limit
height.
FILTERS
9. Grain Size Analysis | One test for every IS-2385-Part |
200 n of filter (sand) One [To find % of the D10, D15
test for every 200 fof D30, D50, D60 and D85
filter (Aggregate) grain sizes of materials
10. |Clay lumps and One test for every 200 m3 [To find out clay IS-2386.Part Il

organic impurities

(sand) One test for every 2
m® (Aggregate

lumps & Organic
Impurities level

The actual frequencies shall be determined by thgineer-in-charge to suit the nature and
variability of material placed and the rate of filacement with the objective of ensuring best
quality control and quality construction.
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CHAPTER -7

IMPORTANT SPECIFICATIONS FOR MINOR IRRIGATION

7.

a)

b)

7.

7.

1.Jungle Clearance

Clearing: The portion of the site required for constructidge twork under these
specifications shall be cleared of all trees buskhelbish and other objectionable
matter. Trees designated by the Engineer-in-Chaig#l not be cut and shall be
protected from injury. Such cleared material shalldisposed off as provided in sub-
paragraph C. below or removed from the site of waefore the date of completion of
the contract as approved by the Engineer-In-Charige.clearing operation shall be in
accordance with clauses 4.1, 4.11, 4.2 and 4.3%#701 — 1982 Indian Code of
practice of earth work in canals, surface bouleéiger loose or partly embedded in the
ground will have to be removed and stacked as téidec

Grubbing: Theground surface under all embankments of normal dgieas as shown
on the drawings and under other embankments wheeeted by the Engineer-In-
Charge and the surface of all excavation that ibeaised for embankment shall be
cleared of all stumps, roots and vegetable maftteavery kind. The stumps shall be
pulled or otherwise removed and roots shall be lggdb

Disposal of cleared and grubbed material:

The disposal of cleared and grubbed matehall be in accordance with clause 4.1.1
of 1.S.4701 code of practice for earth work in danall waste material to be burnt
shall be piled neatly and when in suitable condisball be burnt completely to ashes.
Piling of waste material for burning shall be daxtesuch a location and in such a
manner as would not cause any fire risk. Necespaggautions shall be taken to
prevent spreading of fire to areas beyond the dimftcleared areas. Suitable materials
and equipment for prevention and suppression efstiall be kept available at all times.

2.Raising Bund:

On sloping ground or in case of existing banks, reteenbankment portions are to be
modified, benching of slopes shall be done withttée Islope towards the inside of
benching so as to give a good grip to the embanksuls with the sub grade. Unless
otherwise specified the benches shall be 0.3 X @6brthe front and rear slope of the
embankment. Before benching, the bank slopes d¢iwmlcleared of all roots and
vegetative matter as per specifications 2.0 Norsépgpayment will be made for either
benching or refilling. The rate quoted for raisiambankment is inclusive of above
operations. The bank section shall be brought sigdestandards by filling the scours
with suitable material and compacting to 95% to%8Proctor density by suitable
method of compaction.

7.2..1. Compaction:
a) General

The earth compacting equipment specified in ApperdC of I.S. 4701 — 1982
shall be used for compaction of the soils shownnsggahem. The compacting
equipment shall conform to the relevant I.S. speatiion.
While the 1.S. specifications specify compactingsitcontended that the use of
improved compact equipment for embankment construcshall be encouraged as
may be most suited to the site conditions and ttegrpm of construction. The
methods of compaction shall conform to clause 7223, of I.S. 4701 — 1982.

2..2. Cohesive Materials:

a) When each layer of material has been prepared $o lagve the proper moisture
content uniformly distributed throughout the madkrit shall be compacted by
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b)

d)

f)

passing the roller. The layer shall be compactestrips over lapping not less than
0.30 meter, rolling shall commence at edges andgyrpss towards centre
longitudinally. The rollers shall travel in a diten parallel to the axis of the bank.
Turns shall be made carefully to ensure uniform gaction. Density tests shall be
made after rolling and dry density attained shall fot less than 98 % of the
maximum dry density (standard proctor) as obtainetthe laboratory for the type
of material used. The density achieved shall noinadly be less than the designed
density. The dry density of soil in field shall Betermined in accordance with I.S.
2720 (Part — XXVIII) — 1974 or IS 2720 (Para XXIX975.

Standard proctor density test shall be carriedabuégular intervals to account for
variations in the borrow area materials as welthed in-situ excavated material.
Not less than three tests shall be carried oundicate variations in the Standard
Proctor Density attained in laboratory.

Engineer might review the design if necessary @menation of density test results
and the contractor shall have no claim arisingafiguch a review and consequent
change. If any in the design.

i) In case embankment covers the barrels of croseatjaior any other structures,
first 45 Cm of the embankment shall not be comghetih roller but it shall be
compacted with pneumatic hand tempers in this fayEne compaction above this
layer of total 45 Cm shall be done by using suédigiht rollers to avoid damage to
the structure by adjusting the thickness of laysrl sufficient height is achieved
to permit compaction by heavy rollers. Density &l be conducted from time to
time on site to ascertain whether the compacti@tt@ned as specified above.

i) Separated tests shall be conducted for each Zothee @mbankment for every
500 Cubic Meters of compacted earth work, at least field density test shall be
taken in each layer. Minimum two density tests Ishaltaken in each year per day
irrespective of the quantity of earth work specifigbove. In case the test shows
that the specified densities are not attainedabklé@tmeasure shall be taken by the
Contractor either by moisture correction or by ntemoval and relaying layer or
by additional rolling so as to obtain specified signwhich shall be checked again
by taking fresh tests at the same locations. Nacgsmskilled labour required for
carrying out such density tests shall be providethle Contractor.

Compaction shall be achieved by the use of smaikbrs. Pneumatic type rollers,
sheep foot rollers, mechanical compactors like atimy roller, vibrating plates,
power rammers slope compacting equipment, pneunetiping equipment and
such other equipment as shall be specified by thginger based on type of
material and actual field tests.

The dimensions and weight of the rollers shouldsbeh as to exert a ground
pressure of not less than 12 Kg./Cm2 of tampingmihis empty and 25 kg / CM2
when ballasted. The number of passes required dch dayers to obtain the
specified density shall be determined by actuid fiests.

7.2.3. Cohesion less materials:

a)

b)

Where compaction of cohesion less free — drainiatenal such as sand and gravel
is required the materials shall be deposited iiebatal layers and completed to the
relative density specified. The excavating andiptpoperations shall be such that
the materials, when compacted shall be blendedcriffly to secure the highest
practicable degree of compaction and stability. avaghall be added to the
materials if required to obtain the specified dgnsiepending on the method of
compact on being used.

As per clauses 6.6.2.1 of I.S. 4701 — 1982 theti@ss of embankment layer shall
not exceed 25 Cms. (Loose) before compaction astubild be spread over the full
width of embankment and compaction shall be donelgrs or tampers to obtain

specified density. The thickness of the horizotdgérs after compaction shall not
be more than 16.5 Cm. If compaction is performedviiyatory or pneumatic
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rollers or similar equipment. The relative densifythe compacted materials shall
not be less than 70 percent as determined by ledvgreests as per I.S. 2720 Part —
XIV. If compaction is performed by internal vibraso the thickness of layers shall
not be more than the penetrating depth of the iobra

7.2..4.Embankments with controlled compaction:

a)

b)

d)

f)

9)

Bushes, roots, other perishable or unsuitable matédeshall not be placed in the
embankment.

i) Unless otherwise specified, embankment materfel be spread in successive
horizontal layers generally not exceeding 25 Cnthiokness (loose layer) in the
zones where these are required to be laid, extgniinthe full width of the
embankment including slopes at the level of théi@dar layer. Each layer shall be
commenced from the edge farthest from executiomolrtase shall embankments
be widened by material dumped from the top.

i) Top of each layer shall be kept slightly depressdte centre.

i) Extra width of 600 mm in thickness as measureggraticular to the slope shall
be provided on either side so that when compacleés of the finished
embankment slopes shall have not less than spkdiéiesity

ii) Later the extra width shall be neatly timmed #meltrimmed materials shall be
permitted for re-use in embankment at higher eiemat

i) No payment shall be made for providing or removaltlee extra section.
Removal of extra section in the embankment shadldemed to have been included
in the item of compaction.

Thickness of layers shall be adjusted with paréictype of compactors used to
give the required density by carrying out trial ggaotion and requisite tests and
required number of passes should also be determaméiected by the engineer.

No fresh layer shall be laid until the previousdayis properly watered and

compacted as per requirement. The work of spreagiitiyjcompaction shall be so
adjusted as not to interfere with each other anduith a way that neither of the
operations is held up because of non-completioth@frolling and watering. The

surface of the banking shall at all times of candion be maintained true to

required cross-section. If the surface of any cartgghlayer of earth fill is too dry

or too smooth it shall be moistened and scarifiedrovide as satisfactory bonding
surface before the succeeding layer is placedthalirollers used on any one layer
of fill shall be of the same type and same weight.

The Contractor shall ensure that only approveds smié used for construction of
embankment.

For proper bond of the embankment done in previseason with the new

embankment the work shall be carried out as dethidow.

i) In case of the old bank to be extended horizontéllghall be cut to a slope not
steeper than 1 in 4 and the surface so prepardidbghscarified and made loose
at least for a depth of 15 Cm. Necessary waterirgdl e done and the earth
surface shall be thus prepared to receive the mevaekments. The soils shall be
laid in layers and compacted to the required degfeeompaction to have a
proper bond with the old one.

i) If the old bank is to be raised vertically, vegietatshall be cleared followed by
scarifying, watering and placing of the new eaatyel as specified above.

iif) The surface which is damaged due to rain shall Bdengood by filling with

proper soil due to be compacted by tampers. A cebgse away from the
centre of canal of about 1 in 80 shall be mainthiteoughout the rainy season
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h)
i)

7.2.5.
a)

b)

d)

e)

to ensure proper drainage in the event of occakimiafall. No extra or
separate payment shall be made for these itemsmf w
Settlement allowance:
The canal embankments shall be constructed tgteehkelevation than that shown
on drawing at the rate of 2.5 Cm per every one metéght of bank, if power
driven equipment is used and 2 Cm / 1 Mt. heightttier than power driven
equipment is used for compaction towards shrinlsagigement.
No extra or separate payment shall be maddi®mtork as this shall be deemed to
have been included in the respective item of cao8tm and consolidation of
embankment.
[)i) Care shall be exercised that all large clods eskdm and no clod bigger than say
8 Cm rock are buried in the banks.

i) Homogeneous Section

The homogeneous section for canal embankmentstshaliovided as specified in
the drawings. The available coarser and more pesvinaterials shall be placed
nearby outer slopes in order to have increasinghgability from inner to outer

side. The compaction shall be carried out as @ersel 6.6.2 of 1.S5.4701 — 1982.

iil) Zonal embankments:

In zonal sections the selected and approved sod# be spread to the required
widths of respective zones. All the zones shaltdokled simultaneously and the
difference in level between zone to zone shallxgomore than 150 mm.

Moisture content:

The initial moisture content of the material shia#l determined at the source of
supply (excavations including from the borrow ajeadield laboratory test. Prior
to and during compaction operations, the embanknshatl have optimum
moisture content required for the purpose of coripa@nd this moisture content
shall be fairly uniform throughout the layer as plause 6 of I.S. 4701 — 1982.

In so far as practicable the moistening of the neltshall be performed at the site
of excavation but such moistening shall be suppftetkas required by sprinkling
water at the site of compaction if necessary. Flupghall not be permitted under
any circumstances. Sprinkling of water shall be edaither through a proper
sprinkler tanker or using proper spray nozzlesirgpng straight from the water
hole shall not be allowed.

If the earth delivered to the embankments is tob Wwehall be dried by aeration,
exposure to the sun, ploughing, disc harrowingtbeomethods, till the moisture
content is acceptable optimum for compaction. & tiu wet weather the moisture
content cannot be reduced to the required optimyrthé above procedure, work
on compaction shall be suspended until such tinee ¢arth has dried to the
optimum moisture content. For such suspension akwm extra claim to the

contractor shall be allowed.

If the moisture content is not uniformly distribdtdroughout the layer or less than
the optimum rolling shall be stopped and shallteeted again only when the above
conditions are satisfied.

After adding the required amount of water, if founelcessary, the soil shall be
processed by means of harrows, rotary mixers atlaasrwise approved until the
layer is uniformly wet with optimum moisture conte

Moisture content of each layer of soils shall beakt®ed in accordance with I.S.
2720 (Part 1) 1973 and unless otherwise menticstell be adjusted making due
allowance for evaporation loss that at any timeashpaction: upto—-1 % to + 2 %
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than the optimum moisture content in casing zorewgmnto +1 % to —1 % than the
optimum moisture content in the hearting zones b@permissible. The optimum
moisture content shall be determined in accordawittel.S. 2720 (Part VII) 1973.

The above compaction tests will be conducted byBhgineer or his authorized
representative and the contractor shall ensure aotiop till it is satisfied that 98

% of the maximum dry density at OMC is obtained.

7.3. Revetment:

a) Resetting revetment:
The disturbed revetment shall be removed and theestbe stacked at a suitable place
and pre-measurements taken and recorded. The baseef new revetment shall be
formed and well compacted as per the approved slapé profiles. The stacked stones
shall be reused in addition to new ones.

b) Revetment (New):

c) preparation of bed and slopes:

i) Bed
The surface on which the rough stone is to bedhall be excavated to the required
level and leveled and prepared for the length aitihwas shown in the drawings.
The base shall be compacted suitably with hand ersirar other mean to have
even bedding.

No packing shall be on uncompacted made up soil.

i)Side Slopes
The sides of banks to receive rough stone revetrsball be trimmed to the
required slope and profiles put on by means of éind pegs at intervals of 3m to
ensure regular straight and uniform slope throughDepressions shall be filled
and thoroughly compacted.

7.3.1) Laying Apron (Bed Pitching) And RevetmentRitching to Sides)
7.3.1.1) Apron (Bed Pitching)

a) Apron shall be provided to the dimensions and Egbbwn in drawings.

b) To ensure regular and orderly disposition of theiftended quantity of stone
in the apron, template or cross walls in dry magahall be built about a meter
thick and to the full height of the specified thigss of apron at intervals of 10
metres or closer as directed by the Engineer afigathe length and width of
the apron. In between the cross walls the stonkelshéiand — packed.

c) The thickness of the apron shall be made with doeesonly total thickness
shall not be made up in two or more layers.

d) The stones shall be laid closely in position of giepared bed and firmly set
with their broadest ends downwards soft that they mmeet all round their
bases and with the top of the stone level wittsfied surface of packing. The
stones shall be laid breaking joints as far asiplesm the direction of the flow
of water. The stones shall be placed normal tatiface to be protected.

e) The interstices between adjacent stones shalllbd fwith stones of the proper
size, well driven in with crow bars to ensure tiglacking and complete filling
of all interstices. Such filling shall be carriesh gimultaneously with the
placing in position of the large stones and shalhd case be permitted to lag
behind. The final wedging shall be done with thegést size chips or spalls
practicable each chip or spalls being well drivemk with a hammer so that
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f)

9)

no chip or spall is possible of being pick up teume tight packing. The size
spalls minimum 25 mm and shall be suitable tafiid voids in the pitching.

On completion, the surface presented by the apesetment shall be even
throughout, free from irregularities and the regditength, breadth and slope
as specified or as shown on the plans.

Round stones or very flat stones having small tiesk shall be avoided.
Density of stones should be 2000 to 2300 Kgs / Cum.

7.4 Repairs to sluices

7.4.1. Masonry works:
Any damaged part of the masonry in the sluice dhalfeconstructed in accordance
with clauses 9.1 and 9.2 of I.S. 1597 (part 1) 9218s under.

(@)

Random Masonry ( Uncoursed and brought to Course )
i) Dressing:
Stones shall be hammer — dressed on the faceidibh® and the beds to enable
it to come in proximity with the neighbouring storiéhe bushing on the face
shall not be more than 40 mm on an exposed face.
ii) Insertion of Chips:
Chips and spalls of stones shall be used wherezeessary to avoid thick
mortar beds or joints and it shall also be enstiratino hollow spaces are left
anywhere in masonry. The chips shall not be usdowblearting stones to
bring these up to the level of face stones. Theofiships shall be restricted to
the filling of interstices between the adjacenns®in hearting and these shall
not exceed 20 percent of the quantity of a stonsomy.
iii) Hearting Stones:
The hearting or interior filling of a wall face dheonsist of rubble stones not
less than 150 mm in any direction, carefully laidimmered down with a
wooden mallet into position and solidly bedded iortar. The hearting should
be laid nearly level with facing and backing.
iv) Bond Stones:
Through bond stones shall be provided in wallsaup@0 mm thickness, a set
of two or more bond stones overlapping each otgestdeast 150 mm shall
be provided in a line from face to back. In caseénighly absorbent types of
stones (porous lime stone and sand stone, ettjotie: stone shall extend about
two-third into the wall, as through stones in sgelses may give rise to damp
penetration and, therefore, for all thickness afhswalls a set of two or more
bond stones overlapping each other by at leastririGhall be provided. Each
bond stone or a set of two or more bond stonedapmng each other by at
least 150 mm shall be provided. Each bond storeesmt of bond stones shall
be provided for every 0.5 M2 of the wall surfacel ahall be provided at 1.5 m
to 1.8 m apart clear in every course.
v) Quoin stone:

Quoin stone shall not be less than 0.03m3 in velum
vi) Plum stone:

The Plum stone at about 900 mm interval shallrogiged.
vii) Laying:
The masonry shall be laid with or without courseste case may be as per
general requirement. The quoins shall be laid head@ stretcher alternatively.
Every stone shall be carefully fitted to the adjgctone so as to form neat and
close joint. Face stone shall extend and bond iwdlhe back. These shall be
arranged to break joints, as much as possibletaadoid long vertical lines of
joints.
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b) Squared Rubble — Coursed Rubble (First sort):

i. Dressing:

Face stone shall be hammer—dressed on all bedmpiatgl so as to give them
approximately rectangular shape. These shall baregand all joints shall be
chisel drafted for at least 80mm back from the fand for the side joints at
least 40 mm. No portion of the dressed surfacd shalv a depth of gap more
than 6 mm from a straight edge placed on it. Tieairing unexposed portion
of the stone shall not project beyond the surfdcbed and side joints. The
requirements regarding bushing shall be the samdolasandom rubble
masonry.

ii. Hearting Stones:

The hearting or the interior filling of the wallahconsist of flat bedded stone
carefully laid on their proper beds in mortar. s of chips shall be restricted
to the filling of interstices between the adjacstines in hearting and these
shall not exceed 10 percent of the quantity of mgsowhile using chips it
shall be ensured that no hallow spaces are leftlaase in the masonry.

iii. Bond Stones:

The requirements regarding through or bond stoa#t BB same as for random
rubble masonry but these shall be provided at 1. rh.8 m apart clear in
every course.

iv. Quoin stone:

The quoin which shall be of the same height astheese in which these occur,
shall not be less than 450 mm in any direction.

v. Face stone:

Face stone shall tail into the work for not lesantltheir height and at least one
thirds of the stones shall tail into the work foleagth not less than twice their
height. These should be laid headers and stretelteraatively.

vi. Laying:

All courses shall be laid truly, horizontal and adirtical joints shall be truly
vertical. The quoin stones shall be laid squarghmir beds, which shall be
rough chisel dressed to a depth of at at leastrid0

vii. Square Rubble — Coursed Rubble (Second sort):

All requirements are the same as for coursed ruimalgonry (first sort) except
that no portion of dressed surface of joints skladiw a depth of gap more than
10 mm from a straight edge placed on it and usehgfs shall not exceed 15
percent of the quantity of the stone masonry.

¢) Squared Rubble — Uncoursed Rubble

All requirements are the same as for coursed rutvtalsonry (first sort) except
that stones (risers of jumpers and stretchers)xiwduie of varying heights are laid
uncoursed and in general, the risers shall not & tthan 250 mm in height and
stretchers shall not exceed two — thirds the haigttie adjoining risers.

7.4.1.1. MASONRY

I.S. CODES 1597, 1812, 1200 383, 269, 2116

DO'S DO NOTS

1. The Stone shall be of uniform colour,
texture, strong, hard durable.

1. Do not use stones other than granite of
crushing strength less than 1000 kgs/sq.cn

—

2. Dress C.R.S. stone to a depth of 75 mm
all four sides

. @nDo not allow bushing more than 40 mm.
on the face.

3. Wet the stones before placing in positior]

3. Do not allow stones of length more than

clean and cover with fresh mortar

times the height
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4. Place stones in layers to the line and 4. Do not allow stone of breadth less than

plumb. height of % of thickness of wall.

5. Provide weep holes at 2 mtrs interval 5. Do not allow breaking of vertical joints
staggered as per drawing. less than 75 mm.

6. Chisel dress the corner stones. 6. Headermsbiale projected less than 1(

cm beyond stretcher.

7. Face stones shall be laid alternately in | 7. Do not place stones in position without

headers and stretchers. cleaning and wetting.

8. Provide bond stones at 2 mtrs. Interval in8. Do not allow skin stones, weathered
each layer and mark stones.

9. Place the hearting stones on its broadegt9. Do not place stone in position without
face. wetting.

10. Ensure perfect hearting to make the 10. Smaller stones shall not be placed in
masonry water tight lower coarse.

11. Mortar shall be used within 30 min. afterl1. Joints thickness should not be more than
discharge from mixer. 12 mm.

12. Sieve analysis for sand shall be done | 12. Do not allow mixing less than 3 minutes
periodically which confirm to: for thorough mix.

I.S.Seive % of passing

Designation

4.75 mm 100

2.36 mm 90 to 100

1.18 mm 70 to 100

600 micron 40 to 100

300 micron 5to0 70

150 micron 0to 15

13. For flush pointing the mortar shall be | 13. Do not add more water than required to
finished off flush and level with edges of thehave a consistency of 90 to 130 mm.
stones.

14. Joints shall be raked out to minimum | 14. Avoid spreading of mortar over the
depth of 12 mm. when the mortar is green.| surface of the masonry.

15. Cure the masonry with water for 2 weeks. 15phbiating to be commenced without
washing and wetting the joints thoroughly.

16. Cure the plastered surface with water for
14 days.

17. Cure the pointing surface with water for 7
days

7.4.1.2. PLASTERING AND POINTING:
a) General:

The surface of Masonry shall be finished by “paoigtior by “plastering”. For a
surface which is to be subsequently pointed ortptad the joints shall be
squarely raked out to depth not less than the waditthe joints or as directed
while the mortar is still green. The raked joinitgls be well brushed to remove
dust and loose particles and the surface shahd®ughly washed and cleaned
and wetted.

b) Scope:
Plastering of specified thickness with specifiedrtaoproportion to the exposed
faces of R.R. Masonry / brick masonry / concretduiding cost and conveyance
of cement and all other materials. Sampling, tgstimxing of mortar, labour
charges, all leads, lifts, delifts, seignorage ghsy scaffolding, curing, all water
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leads, and all other operations necessary to caenhle finished item of work as
per drawings and as directed by the Engineer-In<g&ha

c) Mortar:
Preparation of Mortar for Plastering, Pointing work

i) Unless otherwise specified the same cement marsd in Plastering,
pointing work shall be of cement mortar mix MM7.5ade, or any other
specified grade using minimum 360 Kgs of cementcpbic metre of mortar.
The cement and sand mortars are specified withproportions as follows
for 1 cum of mortar(the weight of dry sand 1571 lggs cubic meter):

SI.No. Mortar Cement Sand
1 CM (1:3) 480 Kgs 1571.4 Kgs.
2 CM (1:4) 360 Kgs. 1571.4 Kgs.
3 CM (1:5) 288 Kgs. 1571.4 Kgs.
4 CM (1:6) 240 Kgs. 1571.4 Kgs.

7.4.1.3. Plastering with cement mortar mm 7.5 graglor any other  specified
grade:

i) Preparation of surface:
The roughening of the back-ground improves the afrglaster. All joints shall
be thoroughly raked. After roughening the surfamecare shall be taken to
moisten the surface sufficiently before plasterasyotherwise freshly exposed
surface may tend to absorb considerable amountatérvirom the plaster. The
surfaces shall be wetted evenly applying the plastéog spray may be used for
this work as far as possible, the plaster workldgfetione under shade.

i) Laying of plastering:

The mortar used for plastering shall be stiff effotgcling and hold when laid.
To ensure even thickness and true surface, plastdr be applied in patches of
150 mm X 150 mm. of the required thickness at notenthan 2 meters intervals
horizontally and vertically over the entire surfdoeserve as guides. The surface
of these guides shall be truly in the plane offthished plaster surface and truly
plumb. Plastering shall be properly filled in adewarof the plastering. The mortar
shall then be applied to the surface to be pladtbetween the guides with a
trowel. Each trowel, full of mortar, shall overlapd sufficient pressure shall be
used to force it into through contact with the aoe. On relatively smooth
surfaces, the mortar shall be dashed on with tveetrto ensure adequate bond.

The mortar shall be applied to a thickness slighttyre than the specified, using
a string stretched out between the guides. Thi# #ien be brought to a true
surface by working with a long wooden float withwgrd and side ways motion
50 mm or 75 mm at a time. The surface shall beoderally checked with lasting
stretched across it. Finally the surface shall éredered smooth with a small
wooden float; over working shall be avoided. Allrmer's arises and junctions
shall be neatly finished Metal floats shall notused. I.S. 1661-Code of practice
for application of cement and cement lime plastasiies shall be applicable for
this section.
a)lf it is necessary to suspend the work at the dritteoday it shall be left in a
clean horizontal or vertical line not nearer th&® Inm from any corner or
arises or parapets or copings etc., When recommgnice work, the edges of
the old work shall be scraped clean and wettedtiemaded with cement slurry
before the new plaster is laid adjacent it. After first coat is done it shall be
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kept undisturbed for the next 24 hrs and therer afpt moist and not
permitted to dry until the final rendering is ajgoli

b) After the plaster has sufficiently hardened cemduatry with cream like
consistency shall be applied evenly and rubbedfiteeacondition.

¢) No portion of the surface shall be left out inlifeto the plastered up later on.
The plaster shall be finished to a true and pluorfase and to proper degree
of smoothness as required by the Engineer.

d) The average thickness of plaster shall not betless the specified thickness
but shall not be thicker than 25 mm. In any casg,@acks which appear on
the surface and all portions which sound hollow mvtegpped or found to be
soft or other-wise defective, shall be cut-outaotangular shape and random
as directed by the Engineer at no extra cost. étlagtshall be cured for 10
days.

7.4.1.4. Pointing to C.R. Masonry with cement mortar mm 7.5grade:

a)

b)

Scope:

Flush pointing / with cement mortar of specifiedortion to the exposed faces
of CRS masonry including cost and conveyance ofetgnand all to the

materials, sampling, testing, mixing of mortar,dab charges, all leads, lifts,
delifts, seignorage charges, scaffolding, curidgo#iler operations necessary to
complete the finished item of work as per drawirmgsl as directed by the
Engineer-In-Charge.

Preparation of Surface:

The joints in the masonry shall be raked out t@ptld not less than the width of
the joint or as directed when the mortar is grdeimts are to be brushed to clean
the dust and loose particles with a stiff brushe 8hea shall then be washed and
the joints thoroughly wetted before pointing is coemced.

c)Laying flush pointing:

d)

Flush pointing shall be done with cement mortar MM 7.5 grade or any other
specified grade. The mortar shall be pressed i@aaked out joints. The mortar
shall not be spread over the corners edges orcguofathe masonry. The pointing
shall then be finished as detailed below. The maitall be finished off flush and
level with to edges of the stone so as to give aosmappearance. The edges
shall be neatly trimmed with a trowel and straigtige.

The pointing shall be cured for seven days.

7.4.1.5. Reconstruction of sluice in masonry:

a)

b)

Existing damaged masonry and / or foundation dieltemoved and foundation
for the new sluice laid according to the approvéghg, specifications and as
directed by the Engineer-In-charge.

Masonry for the sluice shall be constructed withrse rubble second sort.

7.4.1.6. REPAIRS TO SURPLUS WEIR

a)

In cement concrete:

Damaged part shall be completely removed in a ezgsthape. Before laying
fresh concrete of the same grade as the old oaalthexposed surface shall be
thoroughly cleaned and cement slurry applied. @uishall be done for the
specified period.
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b) In masonry:
Damaged part shall be completely removed in a ezgglape. Relaying of new
masonry shall be carried out with course rubbleseésort as explained in clause
D.d.b.VII above.

c) Replacement of shutters:
Replacement of shutters shall be carried out ashgeapproved drawings and as
directed by the Engineer-In-Charge.

7.4.1.7. RESECTIONING OF FEEDER CHANNELS:

a) Accumulated silt shall be removed and the chanmeudht to the designed
section to carry the designed discharge.

b) Earth work banking shall be taken up wherever resrgs Masonry guide walls

in CM 1:5 and bed lining in CC 1:3:6 proposed aneuable reaches where the
BC soils are met with.
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CHAPTER -8

IRRIGATION CHANNELS

8.1) EARTH WORK:

8.1.1. General The canal sections are shown on the drawings. Theei@ment
reserves the right during the progress of workaoy\the slopes of excavations or the
slopes of the embankment and the dimensions depetidereon. Any increase or
decrease of quantity excavated as a result of sadhtions will be included in the
estimates. If the Engineer-In-Charge determinest tt@ contractor’s costs of
performing the work will be increased or decreabgdeason of such variations, an
equitable adjustment will be made to cover thigéased or decreased costs and the
payment will be done as per condition of bid docotr{ee. Alterations, additions, and
omissions). Stones and indurate material shaleb@wved from material excavated for
the canal and not required for constructing camabankments, shall be used to
construct road ramps and bridge approach embankmBm excavation of canal both
in soils and rock shall conform to clauses 5.1.8d IS. 4701 — 1982.

8.1.2. Excavation in expansive B.C. sail:
Canals excavated in expansive soils such as Ba@eylsoils of high plasticity pose
severe problems involving stability of slopes ahdpe of section. The contractor shall
excavate and remove B.C. and clay soils so thathibkness of CNS soil proposed to
be provided should be in conformity with IS 272@r{p41)-1977 as outlined in the
Table | & Il on pagel9i.e. Thickness of CNS Layer.

8.1.3. Design of channels on Principles of Regiméow
(a) Bed width to depth ratios

Cross sections which are stable and in regime agpeaave certain relationship
between bed width to depth of flow.

To avoid the necessity of making assumptions bistdf equation of regime
channels based on data of stable channels for eegign are important from
practical considerations.

Bed width to depth ratios suggested by C.W.P.C.gemetrally adopted are
presented in table -8.1.3.(a) below for designhafnmels until best fitted equations
are developed for each region. The values maydgpgnding upon individual
needs.

TABLE - 8.1.3.(a)
Bed width to depth ratios

InQ Qin

Litres / Second b/d Cumecs b/d
300 2.9 02 4
400 3.0 04 4.9
600 3.2 10 5.4
900 3.4 15 6.0
1000 3.5 30 7.4

(b) Inner side slopes for design.
Silt transporting channels have tendency to asssemai-elliptical sections. The

finer the silt, more does the section approximatesémicircle. Therefore for
purpose of design the practice is to assume 0 HM side slopes.
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(c) Side slopes for construction

Side slopes to be adopted for construction depeod the soil characteristics. The
side slopes are to be designed to withstand fatigwbnditions.

i) Sudden draw down condition for inner slopes.

if) Canal running full with banks saturated due tofedin

(d) Channels are usually excavated in 1 H to 1 V sldpes, it being assumed that
after silting they will have side slopes, of approately 0.5 H to 1 V. However in
sandy soils the side slopes in cutting may be 1t& HV or flatter.

Canals in filling in general are proposed with H30 1 V but in loose sand they
shall be 2 H to 1 V or flatter.

(e) Rugosity Coefficientn.

For normal alluvial soils, it is usual in India tssume following values of n
depending the carrying capacity of canals.

for canals of carrying capacity more than 15 Cesne n = 0.02
For canals of carrying capacity less than 15 QGisme n=0.0225
In some projects values nfadopted are as follows.

Canals in range of 1.5 to 100 Cumecs, n=0.0225
Canals carrying less than 1.5 Cumecs, n=0.025
Very small channels that is below

0.3 Cumecs capacity n=0.0275

Basically the value of n depends upon the Physicaghness of the canal and
standards of maintenance during its operation.

Assuming average standards of maintenances ittisrlibat canals are designed
with n =0.025.

() Bed fall:
The average slope of the ground is to be deternfioad the longitudinal section of
the ground. This would be the maximum slope whiah be provided on the canal.
Flatter slopes have to be adopted if the velodityegated is higher than permissible
one due to adoption of average slopes of the ground

(g) Flow formula: Manning’'s formula which is derived from Chezy's @lamental
equation is being adopted in design of open channel

V=1/nR*s%°
Where V = Mean velocity of flow in metres per sedo
n = Rugosity coefficient.
R = Hydraulic mean depth

(Area over perimeter, A/P)
S =Bed fall 1 in __m of length. i.e. fall per ulgingth.
Discharge Q = A X V in Cumecs.
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8.1.4. Excavation Of Canals

DO’'S

DO NOTS

1. Fix up the centre line and set the cur
correctly

vés Do not avoid approval of the deviation
statement

2. Take working levels, real variation in grou
levels and classification of soils as per Gg
Memo No.1970-12/72-11, dated 4-7-1994

nd
\2. Avoid over break and loosening of canal.

3. Do not mix up useful soils with other soils

3. Get top soil vegetation etc. removed.

cutting

4. Provide treatment with C.N.S. soils

B.C.reaches (Expansive soils)

in

5. Form spoil bank as per drawing and away ffom

side drain with suitable gaps for drainage into
valley

the

6. Form Dowel Bank, as per drawing

7. Form Inspection path to a uniform longitudir
gradient and with gentle transverse slope tow
drains

nal
ards

8. Compact over excavation/breakage por
with suitable soils, gravel, spalls

ion

8.1.5. Formation Of Embankments

DOS

DO NOTS

1. Get the top spoil, vegetation and sand | 1.

patches removed to complete depth

Do not raise the bank in piecemeal.

2. Scarify the ground and wet properly
an

2. Do ntmvalnew layer without scarification
d wetting of old layer

3. Obtain P.D. OMC for the useful soils ang
borrow soils

1 3.

degree of compaction is achieved.

Do not allow new layer unless required

4.
en

4. Provide C.O.Ts according to height of
bank.

Don'’t leave any loose layer un-rolled at the
d of the day in rainy season

5. Raise embankment to full width with 5.

uniform horizontal layer of 25 cm thickness

.150 mm.

Don't allow compacted layer to be more th

6. Break clods, remove roots, big boulders| 6.
other materials etc., larger than 80mm fron

the soils used in embankment

1 moistened layer is either completely removec
allowed to dry

No new layer to be laid unless the over
or

7. Supplement deficit moisture whenever | 7.

required

Don’t dump soils in heaps.

8. Provide extra offset on both sides of barlk

&’'Ddump the soils in water and slush
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9. Compaction with 8 to 10 tonnes power | 9. No. of roller passes should not be less than

roller 10.
10. Conduct field compaction tests and 10. Do not forget to provide settlement
determine compaction efficiency allowance of 2 cm/mtr height of bank.

11. Check embankment profiles periodically  11. Daise expansive soils in banking.

12. Ensure 8 minimum No. of passes

]

13. Provide 10% allowance in setting profil
of the embankment

8.2.CM AND CD WORKS
8.2.1. Foundation
a) General: Excavation for the foundation of structure shadl tb the elevation
shown in the drawing or as directed by the Engihe&Charge. In so far as
practicable, the material removed in excavationstouctures shall be used for back
fill embankments. Otherwise it shall be wasted.

b) Foundations for structures:

The contractor shall prepare the foundations atgires sites by methods which will

provide firm foundation for the structure. The lbaott and side slopes of common
excavation upon or against which the structure iset placed shall be finished to the
prescribed dimensions and the surfaces so preptratbe moistened and tamped
with suitable tools to form firm foundation upon against which to place the

structure. The contractor shall prepare the fouadsatfor the structures as shown on
respective drawings. The natural foundation mdtbeaeath the required excavation
shall be moistened if required and compacted ie.bas

If it is considered necessary by the Engineer-la@é to consolidate the foundation
strata by grouting cement slurry, the drilling agmbuting or any other foundation
treatment as directed by the Engineer-in-Chargé bhadone by the Contractor and
the payment will be as per mutually agreed rates.

Densities of the compacted foundation materials thedtesting thereof shall be in
accordance with Paragraph 3.1.2 in page 47 i.e. gdatle density and moisture
control..

Separate payment will not be made to the Contrdotomoistening and compacting
the foundation of structures. The Contractor sinalude cost thereof in the price bid
per cubic meter of the item of the Bill of quarg#ifor preparation of foundation.

Whenever unsuitable material is encountered inftiadation for a structure, the
Engineer — In — Charge will direct additional exagen to remove the unsuitable
material. The additional excavation shall be redilas follows. In excavation in soils,
the over excavation shall be filled in by seledvedding material and compacted. In
excavation in rock, it shall be filled by M5 gradement concrete. Measurement and
payment for excavation back fill will be made as plause 3.2.2 i.e. C.N.S.treatment
on page 48.

c) Over Excavation: At any point in common excavation the foundationtermial is
excavated beyond the lines required to receivesthecture, or if at any point in
common excavation the natural foundation matesalisturbed or loosened during
the excavation process, it shall be compactedadnepbr where directed, it shall be
removed and replaced as follows. In excavatiorpits,sthe over excavation shall be
filled in by selected bedding material and compéche excavation in rock, it shall be
filed by M5 grade cement concrete. Any and all ess excavation or over
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excavation performed in the contractor for any psg or reason except for
additional excavation as may be prescribed by tigirteer-In-Charge and whether or
not due to the fault of the contractor shall béhatexpense of the contractor. Filling
for such excess excavation or over excavation shallat the expense of the
contractor.

d) Excavation in expansive B.C. Soil: Canals excavated in expansive soils such as
B.C. clayey soils of high plasticity possess proiganvolving stability of slopes and
shape of section. The contractor shall excavateramdve B.C. and clayey soils up
to depth of 1000 MM for a discharge of 1.50 Cumensl above 600 mm for a
discharge of below 1.50 Cumecs and fill it with CSN soils and compact for
balancing the swell pressures exerted by soils.

e) For Foundation:

DO'S DO NOTS
1. Verify dimensions and foundation levels|ak. Do not forget to compare bearing capacity
per drawing. of actual soils met with design strength.

2. Wet the foundation surface to a depth of 2. Don’t lay the foundation concrete without
150 mm or to impermeable material wetting the surface.

3. Do not lay the concrete under water and
over slush

3. Ensure the rock surface free from oil, 4. The minimum mixing time should not be
objectionable coating unsound fragments. | less than 2 min.

4. Check-up concrete batching of ingredients.

5. Check the batch of cements and its make 5. Déonget to keep stand by vibrator and
needles.

6. Check-up water cement ratio and slump| 6. Do not place concrete in raw in sufficiently
test. heavy to wash mortar from concrete

7. Ensure uniform mixing. 7. Do not forget to cist cubes.

8. Ensure proper compaction with vibratorg 8. Do not allow segregation of concrete.
and keep stand-by vibrator and needles.

9. Operate immersion type vibrators nearly| if. Do not use unsatisfactory mix.
vertical position to vertical drain.

10. Cure with water for 28 days. 10. Don't allowragtures which will harm
the strength of concrete.

11. Compact with suitable bedding materials
in case of over excavations and with M-5
grade concrete in case of rock.

12. Allow admixtures as per I.S. 9103 —
1979.
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f) Super Structure:

1. Check the form work 1. Avoid abrupt surface irregularities.

2. Apply cement slurry after cleaning the | 2. Do not deviate from specified dimensions
surface at vertical joints of cross section from -6 mm to + 12mm.

3. Clean and cover with a layer of 10 to 15| 3. Do not allow concreting until all form
mm thick mortar of the same proportion of | work installation of items to be embedded
concrete mix for horizontal joints. and preparation of surface involved are
approved.

4. Place the concrete at temperature between
15°C to 30C.

5. The concrete shall be discharged within
half an hour after introduction of the mix
water and cement

g) Back Filling:

Back filling with selected material in foundatioremches, around structures and
above lining key.

i) General:

a)The type of material used for backfill, and the memof depositing the material, shall
be subject to approval of the engineer. As farrastgable, backfill material shall be
obtained from the excavation for structures or fladjacent canal excavation or from
excavation of other ancillary works. Back fillingadl be done with approved material
after the concrete or masonry is fully set.

b) Backfill material shall not contain stone largearih7.5cm size.

¢)The pervious materials (sand) with profused watgtised for backfilling around the
cut off wall shall be placed as shown on drawingasodirected by the Engineer

d) Backfill shall not be placed against' retaining I&vaintil the retaining wall is cured
adequately and is strong enough to take lateraspre of the back fill. Trimming of
the sides of excavation against which the backsfitb be laid shall be delayed until
immediately prior to backfiling and any excessigying of the surface shall be
conditioned properly and made adequately moisv@dapotential desiccation of the
rock or partly compacted/consolidated materials.

e)The backfill material shall be placed carefully asgtead in uniform layers. The
backfill shall be brought up as uniformly as preatile on both sides of walls and all
sides of structures to prevent unequal loading. Bdwkfill material shall be placed at
about the same elevation on both sides of the pgrdons of tile structures and
culverts and difference in elevation shall not extel5 cm at any time. The
contractor shall be responsible for providing adeguearth cover over pipe to
prevent damage due to loads of construction equipme

f) If a haul road is built over a pipe, all back &lound and over the pipe shall be placed
to a uniform surface and no humps or depressioai b permitted at the pipe
crossing.

if) Compaction of Backfill :

(a) When compacting the soil against the steep rocknadmnit walls of masonry or
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concrete structures, the construction surface dfaekment shall be sloped away
from the rock or masonry or concrete structuresgihgaa minimum distance of 0.6
metre and at an inclination of 3:1. Rollers shalt be used close to structures as
structural damage is very likely more particulanien structures have not been
fully cured. The size and weight of equipment wiépend on nature of material,
the height and load assumed in design of strucflihe backfill close to the
structure up to the rolled layer shall be compadateslitable uniform layers, using
pneumatic tampers as appropriate to obtain dryityeokat least 98% of Proctor
density. The moisture content of the earth fillgeld against rock or the structure
shall be on higher side of OMC by about 2% or sall@w it to be compacted into
all irregularities of the rock, profuse wateringalbe done to pervious materials
(sand) before compaction as per instruction of B@gji. Compaction at junction of
each work and backfill around the structure shallchrried out with special care
without claiming any extra cost.

(b) No payment shall be made for backfilling around $kreictures and consolidation
as the cost of the same shall be deemed to haveihaaded in the relevant item
of concrete/masonry of bill of quantity. Full paymeof the relevant item of
concrete/masonry shall not be made till the cotdrazarries out the compaction of
backfill as per the above specifications. Deploytrarhand tampers be restricted
to rare usage that too for very small jobs.

iii) Structures on Backfill:

Where the original ground surface is below the ldghe structures or below the
bottom of pipe, all fill required for the structsréoundation and all fill up to the
bottom of the pipe shall be placed as compactedaakmbent. The embankment
over natural ground up to pipe bottom and overpibe shall be laid in accordance
with clause 9.2.4, 9.2.5 and 9.2.6 of 1.S.783 @5.9The compacted back fill shall
be placed in horizontal layers not exceeding 15 @fter compaction. Heavy
stones shall neither be dropped on top of pipeshalt be allowed to roll down the
side of the embankment against the pipes.

8.2.2. CEMENT CONCRETE:
8.2.2.1. General Concrete Requirements:

a) General: Concrete shall be composed of cement, sand, ceggegate, water
and admixtures (if any) as specified all well mixadd brought to the proper
consistency.

b) Nominal maximum size of aggregates-in coarse aggregate to be used in
concrete shall be as large as practicable, consigtih required strength/spacing
of reinforcement and embedded items and placenmécitniess. The size of the
coarse aggregate to be used will be determinetid¥hgineer-in-Charge and may
vary incrementally according to the conditions emdered in each concrete
placement. Nominal maximum size of aggregate famcoete in structures and
canal lining shall be as indicated in the relevdnaiwings appended to the contract
documents. Smaller coarse aggregate than spedfial be used where in the
opinion of the Engineer-In-Charge that proper phaeets of concrete is
impracticable with the size of the aggregate sptih the drawings.

¢) Mix Proportions: The proportions of various ingredients to be ugedhe
concrete for different parts of the work will baaddished by proper mix design by
the Engineer-In-Charge during the progress of the&kwin proportioning concrete,
the quantity of both cement and aggregate shoulddvermined by mass as per
clause 9.2 of I.S. 456 — 2000. Water shall be eitheasured by volume in
calibrated tanks or weight. Batching plant shaflifeo to I.S. 4925 — 1968 (Indian
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Standard specifications for batching and mixinghplaAll measuring equipment
shall be maintained in a clean serviceable comditemd their accuracy is
periodically checked. Adjustments shall be madediascted to obtain concrete
having suitable workability, impermeability, densitstrength and durability
without the use of excessive cement. The acceptanogiection of concrete shall
be as per the acceptance criteria laid down irselaul5 of 1.S. 456 — 2000.

The mix design and average concrete strength blealidjusted according to the
cube strength test results conforming to clause?, 141.3, 14.4, 14.5, of |.S. 456 —
2000. The contractor shall not be entitled for additional allowances above the
prices bid in the schedule due to adjustment ofrtheproportions.

The net water cement ration exclusive of water dizsb by the aggregate shall be
sufficiently low to provide, adequate durability goncrete. The water cement ratio
for various grades of concrete shall be as detexunand ordered by the Engineer-
In-Charge.

Admixtures or pozzolonas if ordered shall confoonthie requirements specified
[.S. 9103 — 1979 (Indian Standard Specificatiomsatimixtures for concrete).

d)ConsistenciesThe slump of concrete at the placement shall Hellasvs:

8.2.2.2 Reinforced cement concrete:

Sl . " Degree of -

No. Placing condition Workability Value of Workability

01 Concreting of lightly reinforced sections 25 mmto 75 mm slump
without vibration or heavily reinforced Medium for 20 mm aggregate
sections with vibration.

02 . . . . 75 mm to 125 mnj
Concreting of heavily reinforced sectiops .

) 2 High Slump for 20 mm
without vibration
aggregate.

ii) For plain concrete work slump requirements timred in item-1 above are
applicable.

iii) Lining with slip from machine — 60 to 70 mm &®0 mm for concrete pave
finisher.

If the specified slump is exceeded at the placesniit® concrete require lesser
slump and concrete of such lesser slump can beokdated readily into place
by means of vibration specified by the EngineeChmarge. The use of any
equipment which will not readily handle and plaanarete of the specified
slump will not be permitted.

To maintain concrete at proper consistency the amofl water and sand
batched for concrete shall be adjusted to comperfsatany variation in the
moisture content or grading of the aggregates &g énter the mixer. Addition
of water to compensate for stiffening of the coterafter mixing but before
placing will not be permitted. Uniformity in cont¢eeconsistency from batch to
batch will be required.
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DOS DO NOTS

1. Check the reinforcement as per drawing 1. do not pass without proper cover
2. Provide asphaltic pad and water stopper as
per drawing. 2. Do not allow less lengths in over laps

8.2.2.3 Concrete quality control measures and conete Quality Assurance Test
Programme.
a) Concrete quality control measures The Contractor shall be responsible
for providing quality concrete to ensure complian€éhe contract requirements.
b) Concrete Quality Assurance ProgrammeThe concrete samples will be taken
by the departmental engineers and its quality balltested in the departmental
laboratory as per the relevant Indian Standard iSpeions|.S. No.516 — 1959,
and IS 1199 — 1959.

8.2.2.4. Tests:The Q.C/Construction unit will obtain samples, doct tests in
accordance with the methods of tests given below:

a) Sampling of fresh concrete: As specified in claié®f I.S. 456 — 2000 (Indian
Standard Code of practice for plain and reinforoaadcrete) samples from fresh
concrete will be taken as per I.S. 1199 — 1959idimcStandards methods of
sampling and analysis of concrete) and cubes Bhattade, cured and tested at
28 days age in accordance with 1.S. 516 — 1959gm&tandard Methods of
tests for strength of concrete).

b) Density : Unit weight and yield.

The unit weights and yield will be tested in adamce with I.S. 6441 (part — I).

c) Air Content: Clause 5.6.2 of I.S. 3873 — 1978.

d) Slump:I.S. 1199 — 1959.

e) Temperature: Temperature will be determined byiptpa thermometer in the
concrete immediately after sampling at the sitplatement.

f) Making and curing concrete test specimens in #id:fl.S. 516 — 1959.

g) Capping Cylindrical concrete specimens: |.S. 51/59.

h) Compressive strength of concrete specimen : IS-51969.

8.2.2.5. Test Facilities The contractor shall furnish free of cost samptdsall
ingredients of concrete for testing and obtain apglras from the Engineer-In-
charge. He should also supply free of cost, theptesrof all the ingredients of
concrete for conducting the required tests.

8.2.2.6. Cement:
a) General:
As per clause 4 of I.S. 456 — 2000 for the purpofsthose specifications, cement
used shall be any of the following with the prippeoval of the Engineer-In-Charge.

Ordinary Portland cement of 43 and 53 grades canifgy respectively to Indian
Standard, 1.S. 8112 and IS 12269 is to be used.

The provisions of this paragraph apply to cementufge in cast-in-place concrete
required under these specifications. Portland cémequired, for items such as
concrete pipes, precast concrete structural membeds other precast concrete
products, for grout and mortar and for other itesnprovided for in the applicable
paragraphs of these specifications covering tmestior which such Portland cement
is required.

The Contractor has to make his own arrangementprocurement of cement of

required specification. The co-efficient of varmtiin the compressive strength of
cement should invariably be not more than 8%. Tieetified reports from
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manufacturer of cement should include the testiteegurespect of the following data
in fulfillment of the requirement of I.S. 269 — 1®7

Alkali and Chloride Levels: Indian standard reqoient is that total Alkalies
should not exceed 0.6 % for O.P.C. and chloridenmare than 0.05 %.

Heat of Hydration: Indian standard requirementhist the head of hydration should
not exceed 75 Cal / 28 days.

The Cement plants (from which the contractors pre@ement) should furnish the
quality characteristics data on cement suppliethbyn.

Sampling and testing will be done by the relevanharities. No cement procured by
the Contractor shall be used in any work until cethas been given by the engineer
that the test results are satisfactory.

The contractor shall create a suitable and adedpfagstructure for handling, storing

and conveying bulk cement or bagged cement prochyethemselves or by the

employer, with advance planning of work to be daluwging next seven days, as
approved by the Engineer. Cement shall be storedeathie ground level in perfectly

dry and water tight sheds and shall go stackednmarte than eight bags height.
Wherever bulk storage containers are used, thpaaity should be sufficient to cater
to the requirements at site and should be cleankedst once in every 3 to 4 months.
Cement more than 3 months old shall invariablydsterd to ascertain that it satisfies,
the acceptability requirements.

b) Cement options:

Cement shall be furnished in accordance with tHeviing options.
1. 43 grade and 53 grade ordinary Portland cementoconrig I.S.
8112 and IS 12269 shall be used for all R.C.C. work
2.  Portland pozzolana cement conforming I.S. 1489761¢hall be
used for all works other than R.C.C. works.

c) Materials:
1. Ordinary Portland cement of 43 grade and 53 graflelSo
8112 and IS 12269
2. Portland Pozzolana cement I.S. 1480 — 1976.
d) Acceptance of Cement:
- Tested cement will be accepted by the Departmdaug@ of IS 8112 and IS 12269
e) Acceptance of pozzolana:
- Pozzolona added to the concrete as an admixtukdevdampled and tested as per
[.S. 9103 —1979.
f) Recovery of cost cement in wasted conatte

The cost of cement used in wasted concrete, iacepient of damaged or defective
concrete, in extra concrete required as a resuthdless execution, and in concrete
placed by the contractor in execution intentiongligrformed to facilitate the
contractor’'s operations will be deducted from thgrpents due to the contractor.

8.2.2.7. Water:

The water used in making and curing of concretetan@nd grout shall be free from
objectionable quantities of silt, organic mattejurious amounts of oils, acids, salts
and other impurities etc., as per |.S. specificetiNo. 456 — 2000.
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The Engineer-In-Charge will determine whether arswch quantities or impurities are
objectionable.

Such determination will usually be made by comparisf compressive strength, water
requirement, time of set and other properties ofcoete made with distilled or very
clean water and concrete made with the water pegpés use. Permissible limits for
solids when tested in accordance with I.S. 302964 Xkhall be as tabulated below:

Permissible limit for solids

1. Organic Maximum permissible limit 200mgéltr
2. Inorganic 3000 mg/ litre

3. Sulphates (as 90 400 mg / litre

4. Chloride (as CL) 2000 mg / litre for plainncoete work

and 500 mg/ litre for R.C.C. work.
5. Suspended matter 2000 mg / litre

The PH value of the water should not be less thamdthe acceptable range of PH
value is with in 6 to 9.

If any water to be used in concrete, mortar or gistsuspected by the Engineer-In-
Charge of exceeding the permissible limits fordslisamples of water will be obtained
and tested by the Engineer-In-Charge in accordaiitbel.S. 3025 — 1964.

8.2.2.8. Sand: (Fine Aggregate)

a) GENERAL: The term sand is used to designate aggregate ofioshich
passes 5.75 millimeters I.S. Sieve and containg smimuch coarse material as
permitted in clause 4.3 of I.S. 383 — 1970. Sardll &fe predominantly natural
sand which may be supplemented with crushed samncht@ up deficiencies in
the natural grindings.

All sand shall be furnished by the contractor frany approved source specified
in the contract.

Sand delivered to the batching plant, shall hawsigéorm and stable moisture
content. Determination of moisture content shall rhade as frequently as
possible, the frequency for a given job being deteed by the Engineer-In-
Charge according to weather conditions (1.S. 42600)

b) Quality: The sand shall consist of clean, dense, durablepated rock
fragments, as per I.S. 383 — 1970.

Sand may be rejected if it fails to meet any of fodowing quality
requirements.

Organic impurities in Sand: Colour no darker thhe specified standard in
clause 6.2.2 of I.S. 2386 (Part — 1l) 1963. (Inds&andard method of test for
aggregates for concrete part — Il estimation oéeious materials and organic
impurities).
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Sodium Sulphate Test for soundness: The sand tsée shall pass a Sodium
or Magnesium Sulphate accelerate test is spedaifiddS. 2386 (Part-V) for
limiting loss of weight.

Specific Gravity: 2.6 minimum

Deleterious substances:

The amounts of deleterious substances in sand sbiaixceed the maximum
permissible limits prescribed in table 1 clauseB@& I.S. 383-1970 (Indian
Standard Specification for coarse and fine aggesgitbom natural sources for
concrete) when tested in accordance with 1.S. 238863.

c¢) Grading:
The sand as batched shall be well graded and ves¢éedtby means of standard
sieves shall conform to the limits given in tablefd.S. 383 — 1970, and shall
be described as fine aggregates, grading zonigsiiiand iv. Sand complying
with the requirements of any of the four gradinge®is suitable for concrete.
But, sand conforming to the requirements of gradioge-iv shall not be used
for reinforced cement concrete work.

8.2.2.9. COARSE AGGREGATE:

a) General: For the purpose of these specifications, the t&Coarse Aggregate”

designate clean well graded aggregate most of wisialetained on 4.75 mm I.S.
sieve containing only so such finer material asriéed for various types described
under clause 2.2 of I.S. 383 — 1970. Coarse agtgrdga concrete shall consist of
uncrushed gravel or stone, crushed gravel or sémukepartially crushed gravel or
stone.

Coarse aggregate for concrete shall be furnishethéycontractor from the sources
specified in the lead chart forming the contracatudoents.

Coarse aggregate as delivered to the batching gheatit generally have uniform and
stable moisture content. In case of variations,se#a9.2.3 of 1.S. 456 — 2000 shall
govern during batching.

b) Quality: The coarse aggregate shall consist of naturalguming (crushed or
uncrushed) stones, and shall be hard, strong dyralgar and free from veins and
adherent coating, and free from infurious amountdizintegrated pieces, alkali,
vegetable matter and other deleterious materiaarse aggregate will be rejected if
it fails to meet any of the following requirements.

1. Los-Angeles abrasion test: The abrasion value gregmte when tested in
accordance with the method specified in 1.S. 2388t{lV) using Los-Angeles
machine shall not exceed 30 % for aggregates tsbé in concrete for wearing
surface and 50 % for aggregate to be used in otrerete.

2. Aggregate crushing strength test: Aggregate crgshatue where determined in
accordance with 1.S. 2386 (part-1V) 1963 shall egteed 45 % for aggregate
used for concrete other than wearing surface an%h 30r wearing surfaces. As
an alternative to the crushing strength test, aggee impact value will be
determined with the method specified in I.S. 238&t(1V) 1963. The aggregated
impact value shall not exceed 45 % by weight faragate used for concrete for
other than wearing surfaces and 30 % by weightdoicrete for wearing surfaces
such as runways, roads and pavements.
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3.

8.

Soundness Test: The coarse aggregate to be usaltldoncrete works shall pass
a Sodium or Magnesium Sulphate accelerated sousdess specified in I.S.

2386 (part-IV) — 1963 and the average loss of wedjter 5 cycles shall not

exceed the limits specified in clauses 3.667 af3&3 — 1970.

Specific Gravity: 2.60 minimum.

Deleterious materials: The maximum quantity of t&leus materials in coarse
aggregate shall not exceed the limits specifiefable-I of 1.S. 383 — 1970 when
tested in accordance with I.S. 2386 — 1963.

Separation: The coarse aggregate shall be separated into abwsizes during
production of the aggregate. Just prior to batching coarse aggregate shall be
rewashed by pressure spray and finish screeneduttivdeck vibrating screen
capable of simultaneously removing undersized aret-sized aggregate from
each of the nominal aggregate size. If variatiaonghie water content of the
aggregates entering the batches occur during iittenth batching then a
dewatering screen will be required after the firgslheens to remove the excess
free moisture. Finish screens shall be mounted thesbatching plant or on the
ground adjacent to the batching plant. Finish sehall be so mounted that the
vibration of the screens will not be transmittedhe batching bins or scales and
will not affect the accuracy of the weighing equgmhin any other manner.

The method and rate of feed for finish screeningjldie such that the screens
will not be over loaded and will result in a finiploduct which meets the grading
requirements of these specifications. Coarse agtgeghall be fed to the finish
screens in a combination of alternations of nomsizés which will not cause
noticeable accumulation of poorly graded coarseeggge in any bin. The finish
screened aggregate shall pass directly to the ithdil batching bin in such a
manner as to minimize breakage. Minus 2.36 mm rishtpassing through the
finish screens shall be wasted unless it is robtetk through a sand classifier in
a manner which causes uniform blending with themahtsand being processed.
Water from finish screening shall be drained inhsacmanner as to prevent
aggregate wash water from entering the batching himd weighing hoppers.
Washing and finish screening requirements shalkuigect to approval by the
Engineer — In- Charge.

Coarse aggregate for concrete shall be separated@anous nominal maximum
sizes specified in the relevant drawings. Separatiothe coarse aggregate into
the specified sizes after finish screening shalhfaon to the grading
requirements specified in Table-2 of I.S. 383 —A%hen tested in accordance
with [.S. 2386 — (Part-1) 1963 (Method of test &mggregate for concrete Part — |
particle size and shape).

Coarse aggregate for mass concrete may be sepaatgueviously herein
specified. Separation of the coarse aggregatetiirtvarious sizes shall be such
that when tested in accordance with 1.S. 2386 (&t1963 shall conform to the
requirements specified in Table-3 of I.S. 383 —97

Sieves used in grading tests will be standard rsesfes conforming to 1.S. 460
(Part — 1) — 1978 (Specification for test sieved Pd wire cloth test sieves).

2.2.10. MIXING:

a) General: The concrete ingredients shall be thoroughly mikeanechanical
mixers designed to positively on sure uniform distiion of all the component
materials throughout the concrete at the end ofrtixing period. Mixing shall
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be done as per clause 9.3 of I.S. 456 — 2000. Tkerrshould comply with I.S.
1791 — 1968 (1.S. specifications for batch typearete mixers).

The concrete as discharged from the mixer shaliniferm in composition and
consistency from batch to batch. Workability sha#l checked at frequent
intervals as per I.S. 1199 — 1959. Mixers will barained regularly by the
Engineer-In-Charge for changes in conditions duacttumulation of hardened
concrete or mortar or to wear of baldes. The mixghgll be continued until
there is uniform distribution of the materials $@ttthe mass is uniform in
colour and consistency and to the satisfactionhef Engineer-In-Charge. If
there is segregation after unloading the concteteld be remixed.

Any mixer, that at anytime produces unsatisfactary, shall not be used until
repaired. If repair attempts are unsuccessful, fectiee mixer shall be
replaced. Botch size shall be at least 10 % of,nmiitin excess of the rated
capacity of the mixer unless other wise authortzgthe Engineer-In-Charge.
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8.3. PREPARATION OF SUB-GRADE FOR C.C. LINING (I.S. CODES:
2720.4701. 3873)

8.3.1 Preparation Of Sub grade
Preparation of sub-grade is a factor on which dépemuch of the successfully
performance of lining. Failure or cracking of ligitn many cases can be attributed in
some measure to poor preparation of sub-grade.sass is therefore to be laid on
control and proper preparation of sub grade fomngn Sub-grade indifferent soll
reaches shall be prepared based on IS : 3873-1966.

8.3.1.1 Preparation of Sub-grade consisting of Eant

The sub-grade should be prepared dressed and tolledto level according to the

required cross-section of the canal to form a fiempacted bed for the lining. Sample
profiles true to the cross section of the canaukhde made at suitable intervals to
ensure correct formation of the sub grade. If at@wint material of sub-grade has been
excavated beyond the neat lines required to reclveg. The excess excavation

should be filled with material compatible with sgiade material and thoroughly

compacted.

The consolidation of the bed in predominantly sarebches should be done by over
saturating the bed by flooding it with water beftireng is laid. The consolidation of
sides in such reaches should be done by over gutim sub-grade by 15 cm and re-
filling it with sand concrete with adequate quaesitof cement or by vibro-compactors.
The relative density of the compacted sub-grad# Bbat-least 70%..

All compaction in other than predominantly sandgctees should be done at optimum
moisture content in layers not more than 15 cnkttacobtain a dry bulk density of not

less than 95 percent of the density at optimum tueEscontent compaction of sub-
grade, depending upon the position of sub-soil wé&eel shall be carried out in

accordance with 1.S: 3873-1966 and by employing Idarcgauges. (In-situ cement
concrete lining in canals)

8.3.1.2 Sub-grade Density and Moisture Control:

A sound dense earth foundation, carefully trimmed are-moistened before lining

placement are critical steps, prerequisite to adgbioing construction. Required

foundation density of embankment and preparatiarplesl with moisture control are

the key requirement. At the time, concrete is plattee sub-grade is required to be
thoroughly moist (but not muddy) for a depth of abd2 to 15 cms and 20 to 22 cm in
case of sand as else the concrete would extracstumei from the sub-grade.

Compliance of these requirements must be recorgeithd QC staff in the OK card.

Photographic record showing the actual use of Yieeyspray nozzles instead of hose
(for moistening the compacted sub-grade) shoulul ladskept.

8.3.1.3 Preparation of Sub-grade consisting of Rock

The Sub-grade should be prepared and dressed drievel and according to the
required cross-section of the canal. All excavatianiuding over breakage below lines
of under side of lining should be filled completely to the lines of the under side of
lining with suitable material. viz. spalls. leanncoete or sand compacted to density
equivalent to sub-grade. Care should be exercisesklecting refill material for use
over fractured rock of rubbles because of the danfjgvashing of fines into the sub-
grade voids and thus loosing support.

8.3.1.4 Preparation of sub grade consisting of Expaive Soils (1S: 9451-1994)
(a) Field and laboratory experiments shall beiedrout to determine the physical,
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textural, Engineering and Chemical properties eftitack cotton soils/expansive
soils and evaluate the swelling pressures of soilgarious reaches to establish
the thickness of CNS layer required so that theltiag deformation is within the
permissible limit.

In respect of the provision of CNS layer in the biedhall be as worked out from
the consideration of swelling pressure. Howevettliigkness of CNS layer to be
provided on slopes shall in addition, be governed the construction

considerations viz., from rollable width considéat for achieving effective

compaction.

(b) Thickness of C.N.S Layer:

The samples of in-situ expansive soils in bed aideé ®f canals are to be
collected. Necessary tests are to be conductedwell pressure in addition to
differential free-swell index, by R.K. Katti's metti and thickness of CNS layer
has to be decided depending upon the carrying dgpmdcanal for balancing the
swell pressure as per the values furnished in dbke tgiven below as per I.S.
9451-1994.

IS 9451 — 1994 specifies thickness of CNS soild@laced depending upon the
swelling pressures of B.C. soil and carrying cayaafi canal as has been listed in
the tables | & Il (on Page 49)i.e. Thickness of Aiiger. Also the CNS material
shall be laid and compacted to 0.45m beyond thishigd profile (wherever
directed by the Engineer). This will provide a kontal width of about 2.25m
corresponding to the canal slope of 1.5:1 whidhésoptimum width required for
compaction by power driven 8 T to 10 T rollers. Extra width so laid shall be
trimmed to the required profile. Sketch B and Anmexll is enclosed in Page 54
and 55
8.3.1.5. Specification of CNS Soil

(i) Gradation of C.N.S. Soll
1. Clay (less than 2 microns) - 15 to 20%
2. Silt (0.06 mm - 0.002 mm) - 30 to 40%
3. Sand (2mm - 0.06 mm) - 30 to 40%
4. Gravel (Greater than 2 mm) - 0 to 10%

(i) The CNS material shall be non-swelling. witlmaximum swelling pressure of 10
KN/n? when tested in accordance with IS 2720 (Part-41977 at field moisture
content over dry condition and minimum cohesion.

(iii) Index Properties:
1. Liquid Limit less than 50% but greater thai930
2. Plasticity Index less than 30% but greaten tha%

8.3.1.6 CNS Treatment:

Identifying parts of canals where expansive saisraet with through laboratory
tests to decide if CNS treatment is required.

To identify quarries where CNS soils are availabled confirm suitability
through laboratory tests on samples taken fromouariparts of the quarry to
satisfy the representative ness.

To go though all the Q.C. operations narrated mklrey part above.
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8.3.1.7 Specification of CNS Soils:
()  Index properties
< 50% but > 30%
P.I. <30% but > 15%

(i) Gradation: Clay 15% to 20%
(less than 2 microns)

Silt 30% to 40%
(0.06 mm — 0.002mm)
Sand 30% to 40%
(2 mm —0.06 mm)
Gravel 0% to 10%
( 2 mm)
(i) The CNS material shall be non-swelling, with a maxin swelling pressure of
10 KN/nf? when tested in accordance with 1.S: 2720 (Part-41977 at field

moisture content over dry condition and minimumesibn.

Table — I Thickness of CNS Layer, Carrying
Capacity less than 2 cumecs

Discharge is cumecs Thickness of CNS layer in cm
Swell pressure 50-150 KN/m | Pressure more than 150 KN/m]
1.40-2.00 60 75
0.70 - 1.40 50 60
0.30-0.70 40 50
0.03-0.30 30 40

Table — Il Thickness of CNS Layer, Carrying
Capacity of 2 cumecs and more

Swelling pressure of soil Thickness of CNS Materials
KN/m? Cm (min)
50 to 150 75
50 to 300 85
300 to 500 100

Note: However, optimum thickness of CNS materials needs be
determined for different swelling pressures by aktxperiments in both in
field and laboratory if required.

Sub grade preparation — tolerances: Tolerancdipreparation of sub-grade
should be limited to the following values.

a) 6.25 mm for sub-grade in bed

b) 12.50mm for sub-grade in the side slopes.
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8.3.1.8. CNS Soils:

DO'S

DO NOTS

1. Check the model section to the canal pra
i.e.. bottom or lining.

file Do not allow concrete lining on loose su
grade.

2. Check the canal profile with reference
model sections.

t2. Do not allow any root or stumps to be
sub-grade.

3. Remove roots and stumps completely fn
the sub-grade.

o8 Do not allow lining in expansive soi
without treatment with C.N.S. soils.

4. Compact over-excavation in soils wi
gravel duly wetted.

td. Do not place the porous plug below
surface of the lining.

5. Compact over excavation in rocky area w
gravel spalls and aggregate spalls
aggregate duly wetted.

D

ith Do not allow lining without wetting th
asdb-grade suitably.

6. Provide treatment with C.N.S. soils in
expansive soils i.e., 0.6 mtrs., thick f
discharge up to 50 cusecs.

or

7. Provide porous plugs of size 375 mm lon
100 mm dia in each panel with local filters
graded metal and sand size 600 x 600 x
mm.

g X
of
750

8. Provide longitudinal and transverse drair
size 600 x 750 mm filled up with graded me
and sand as per drawing.

of
tal

9. Check whether porous plugs are freely
draining or not.

10. Note down December water table for
providing longitudinal drains and other relief
measures (as per drawing)

8.3.1.9 Placing Concrete for Lining:

Canal lining in concrete shall be constructed ia tanal prism as shown in the
drawings. The contractor shall not place condi@teanal lining during rains.

Before placing the concrete for lining canals, #aeth work shall be completed to
sub-grade and the foundation shall be trimmed pR#red under preparation of sub-
grade. Concrete in canal lining shall conform kause 9.6.2 in this chapter. The
mixing and laying of concrete for lining shall beaccordance with clauses 5.4, 5.5,
5.6,5.7,5.8,5.9 of IS 3873-1978.

When placing of concrete for lining is stopped fobe day, interrupted because of
break down or delayed by other causes or wheredh&actor elects to construct a
joint such as would result from constructing onéf b&athe lining in one pass, the
edge of the fresh concrete lining shall be bulkdeea to a surface normal to the
lining along transverse or longitudinal lines. &wef placing operations are resumed,
the surface of the hardened concrete shall be preé@&s construction joint.

The fresh concrete shall then be placed againsexiging concrete with the full
groove for required contraction joint formed inye&n them. The completed groove
shall be sealed with sealing compounds as pereléi8 of IS 3878-1978. Where
concrete lining joints a structure, sponge rubliler fand sealing compound shall be
placed as shown on the drawings. Refer sketch 6€llltistration and guidance
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8.3.1.10. Contracting joints for concrete lining:

General: Joint shall be constructed in concrete liningslaswn in the drawing
and shall conform to clause 6.2, 6.2.1, 6.2.2,®3.1 and of IS 3873-1978. The
joint shall be made along straight lines to theailed dimensions shown in the
drawings and shall be maintained to the requirepshand dimensions during
any subsequent finishing operation until the cotlechas hardened.

Joints shall be continuous across and along thal ceection. Transverse
contraction joints shall be terminated at the téghe side slopes and a 20mm
minimum depth grooved shall be tooled across tmerete curb from the end of
each transverse joints. No filler or scalar wi#t bequired for these tooled
grooves.

To facilitate special condition at structures andeve concrete lining placing

operations are stopped for the day, interrupteduse of break down or delayed
by other causes, transverse contraction joints lbeaglaced at spacing shown on
the drawings. The spacing shall not be less thahalf of the spacing shown on

the drawings.

8.3.1.11 C.C. Lining:

DO’s

DO NOTS

1. Check the canal prism and verify the bed leve

grade.

2. Check the gradation analysis of fine and
coarse aggregate to the requirement of mix
batching plant.

2. Do not allow lining without wetting sub.

giade.

3. Allow the ingredients of fine and coar
aggregate as per required mix by weigh batchin

s8. Do not allow C.C. lining manually withol
vibration.

4. Check the calibration of weighing machine
batching plant.

4t Do not allow segregation of concrete wh
laying through discharge conveyor.

5. Check the water meter and its discharge.

5. Do not allow concrete directly on sub gra
from transit mixer.

6. Check the batch of cement, its make and
results.

tésDo not form contraction joints over
longitudinal drains.

7. Check the water cement ratio and record
the slump.

7. Do not fill up contraction joints with sealir]
compound without cleaning with air water jet
sand blast.

8. Check whether any retarders and air entrai
agents are added.

ni@g Do not allow any projections or contracti
joint over the surface of the lining.

9. Maintain load register.

9. Do not allow the C.C. lining without
applying suitable primer to sides.

10. Record the No. of CC cubes cast and
compressive strength.

before setting of C.C.

11. Cure CC Lining with water for 28 days

11. Do not use untested cement.

12. Ensure smooth surface with paver roller pas

s&2. Do not allow to sink the porous plugs in
drains.

13. Form the contraction and construction joints
per approved drawing.

#8. Do not allow lining without making props
arrangements for curing with water.

I4d. Do not allow the concrete Over loose sub

ile

1de

it8. Do not remove the channels immediately

14. Check the thickness of C.C.Lining for ea
panels.

. The Co-efficient of variation in the
compressive strength of cement should not
more than 8 %.

15. Checking placing of mastic pad at structure

s of

construction joints.
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16. Allow concrete lining at temperature
between 1%C and 32C.

17. Check periodically the coefficient of
variation in the compressive strength of
cement.

18. The batching plant to be used shall
confirmed to the required of IS 4925-
1968.

53




54



30 to 75 cm thick for less than 2 cumecs canahdigyes (Based on swell pressure as per Table €l Gfig
75 to 100mm thick for more than 2 cumecs canahdisge (based on the swell pressures as per Tdbjmge 68).
CNS material shall be laid in layers and each lahatl be compacted to the specified density.
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8.4. CONCRETE (IS CODES 383.269.2116.2386.456.51699.3878.9103)
CONSTRUCTION JOINTS & TECHNIQUE OF GREEN CUTTING

8.4.1. Construction Joints:
Concrete shall be placed in massive structuretsnwhich are generally 1.5 m high. To
develop proper bond between the lifts the concsatéace shall be free of all laitance,
coating stains, defective concrete and all foremgaterial and the surface shall be
roughened. This can be achieved by green-cutting.

8.4.1.1 Green Cutting:
The surface of the joint shall be thoroughly greeb-with an air-water jet. Green
cutting is usually done 8 to 12 hours after thegodace of a concrete lift has been
completed and sufficiently hardened. The actuaé tfor taking up the green cutting
operation shall depend upon the following factors:
a) Concrete placement temperature
b) Atmospheric temperature
¢) Concrete mix: and
d) Slump

The air-water jet will remove the thin surface filoh laitance and grout to expose
clean surface.

8.4.1.2 Green Cutting If Done At The Proper Time, Ball Yield Very Good
Results :
When started too early, it shall result in overtiogt and removing too much mortar.
It is also liable to loose the aggregate particid Eaving too poor a surface to bind
the fresh concrete. On the other hand. if greetirguis delayed too long, the cutting
action of the air and water jet would be ineffeetfer proper removal of laitance. It
therefore requires much greater care and judgnoergrbper use at the proper time.

8.4.1.3 Skill Of Jet Operator
Besides determining the proper time for initiatiggeen-cutting the process will
require constant attention on the part of the aitew jet operator. By correct
manipulation of the high velocity air-water jet @ihed operator can ensure the
removal of the thin surface film of laitance andgreffectively and at the same time
leaving the aggregate stones already embedded mdintar, undisturbed.

8.4.1.4 Proper Air-Water Gun
In addition to the skill of the jet operator a peopair-water gun is also a vital
requirement for effective green-cutting. The isguimozzle must be about 460 mm
(18 inches) long to ensure the requisite cuttingdalose to the concrete surface. A
dimensioned sketch of an air-water gun is enclese@innexure - lIl.

8.4.1.5 Quantum Of Compressed Air And Water:
For effective green-cutting, it is essential the &ir pressure should be around 6.33
to 7.03 kg/cm2 (90 to 100 Ibs. Per square inchshdtuld not be allowed to fall below
90 Ibs per square inch. The water pressure, osegshould be sufficient to bring the
water into effective influence of the air pressufes. an approximate estimate the
quantity of compressed air required by the gredtingugun is 2 cubic meters per
minute (70 dm) and the ,quantity of water 60 gail{?i/3 liters) per minute.

8.4.1.6 Sand Blasting:
Sand blasting is the process of roughening andicigahe surface of old and set
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concrete by means of coarse sand and air applieéer ymessure of 90 to 100 pounds
per square inch (6.33 #03kilograms per square centimeter) through a nozzlass
to erode the laitance and grout from the old amdhrconcretes monolithic. Sand
blasting of rock is also done so that concrete eyplaced on or against a clean
surface as required according to specifications.

There are two types of sand blasting. namely "vegtdsblasting” and "dry sand

blasting”. In wet sand blasting water is also uaémhg with sand and air under

pressure. while in the latter. only sand and adtenrpressure are used. Normally the
concrete and rock surface etc.. are wet sand Hlgsteeep down the dust.

The percentages of different sizes of sand pastideefficient Sand blasting shall be
as follows :

Size Percentage
8 mesh per inch (25.40 millimeters).... 26
16 mesh per inch (25.40 millimeters)..... 30
30 mesh per inch (25.40 millimeters)... 23
50 mesh per inch (25.40 millimeters).... 21

for effective sand blasting it is essential thaggsure of air should be between 90 to
100 pounds per square inch (6.33 to 7.03 kilogrgms square centimeter). If
pressure falls below 90 pounds per square inch3(&iBograms per square
centimeter). sand blasting becomes ineffectivesaiid having large percentage of
fines is used, it will not provide the requisitetowg power and the whole effort goes
waste. A good quality well graded "sand-blast saisdheeded for achieving the
objective of sand blasting.

8.4.1.7. Admixtures :

In Gorakallu Bypass Syphon Structure. with heauygested reinforcement and poor
accessibility pumping of concrete becomes inevitabid takes longer time without
the process of pumping. The concrete mix for thevalis to be designed with high
workability. The slump of 60 mm specified in theregment is not at all sufficient.
Further at high cement air entrained concrete besositicky and difficult to flush.
But as per A C | report concrete with a slump gredhan 190 mm that remains
cohesive without excessive bleeding and segregatiombnormal retardation is
known as flowing concrete. Flowing concrete is ukdbr pumping because it
reduces pumping pressure and increases both themdtdistance that the concrete
can be pumped.

For pipe about 150 Cum of concrete per day is tdalmk at difficult placement
conditions. To produce flowing self compacting a@te without losing the required
strength and with reduction in usage of free watentent. Super-plasticizers
available in market are used with a slump of 150.mm

With the usage of Super-plasticizers in the pipecoete the workability of concrete
is considerably increased and the period of tina the concrete is to be placed and
compacted is well sufficient. The surface finish tbe concrete is very smooth
without honey-combing. The concrete produced with usage of Super-plasticizers
is dense and impermeable.

57



Annexure - I

58



8.5)SHOT - CRETING
Specifications & Procedure of Application.
8.5.1. Materials for Shot creting :
Cement, sand, coarse aggregate, water and adnsidreeised in the shot — crete mix.

Ordinary Portland Cement, 43 Grade or 53 Gradebeillised.

8.5.1.1 SandWell graded sand as per either of the followingdjmg can be used.

SAND

Sieve Designation .Percentage by mass passing_ for

Grading — | Grading - 1l
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.

8.5.1.2. Coarse Aggregate:
The maximum size of coarse aggregate should bectedtto 10 mm. It should be free
from impurities, clay / shale particles, and confoto the requirements of impact,
abrasion, and crushing criteria (viz less than 45a#@ the soundness acceptance criteria
(less than 12 % with sodium sulphate method).dughhave a specific gravity of not less
than 2.6. The aggregate should be well graded &wodid broadly conform to the
following grading.

Sieve Designation Percentage by mass passing_for
aggregate of 10 mm maxim. Size.
12.5 mm 100
10 mm 85 -100
4.75 mm 10-30
2.36 mm 0-10
1.18 mm 0-5

8.5.1.3. Water:Ordinary potable water with pH value not less thaand not more than 8.5
will be used.

8.5.1.4. Chemical Additives:
The following additives be used in the concrete imixhe ‘Dry Mix Process’ of shot
creting.
Sodium Carbonate % Kg per 50 Kg bag of cement
Sodium Aluminate % Kg per 50 Kg bag of cement
Calcium Carbonate = 1 Kg per 50 Kg bag of cement
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Total = 2 Kg per 50 Kg bag of cement 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.

8.5.1.5. Air Supply:
Properly operating air compressor is essentialafaatisfactory 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 at thelactould be 0.3 N / mhor more.

8.5.1.6 Water supply:
The water pressure at the discharge nozzle sheutditiiciently greater than the operating
air pressure to ensure that the water is intimateked with the other material.

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

8.5.1.7. 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 characteristic consprestrength of not less than 200 Kg /
cm2 though strength of 250 kg / cm2 would be pedfr. Normally the following mix
proportions would be adequate.

Cement = 450 kg /'m

Sand = 1100 kg /$¢0.70 n?)
Coarse aggregate (5 mm — 10 mm size) = 500 KN30 M)
Proportioning of mix = 1:2.44:1.11

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

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

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

3.Ensure sufficient clearance around the reinforcerteepermit complete encasement with
sound shot crete. A clearance of at least 50 mmlgHoe provided.

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

5.Next “Welded wire mesh of size 100 mm x 100 mmm®” be nailed, butting with shot
crete. Binding wire of 20 gauge or 24 gauge be fizedinding of wire mesh panels.

6.The second and final layer of shot crete of thigkne 38 mm be than pneumatically
sprayed over the first layer. The finished shoteciurface should be kept continuously
wet (viz. cured) for at least 7 days. Alternatéimembrane —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 stedé enix.

8.5.1.9. Quality Control of Shot - Creting

The shot creting operation should be continuousdpécted by the engineers who should
check the materials, concrete mix, shot cretingpegent, application of shot crete, and
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curing. The finished surface should be sounded avitammer for detection of any hollow
pockets due to lack of bond. Such hollow pocketother defects are required to be
carefully cut out and replaced with the new shetedayer. The first layer is also to be
sounded with a hammer and remedial action takenafor hollow pockets before

commencing the application of the final layer.

8.6 - GUNITING ON THE UPSTREAM FACE OF MASONRY DAM
(50mm thick gunite in 1:3 cement sand mortar)

8.6.1. Scope
These specifications cover, in general, all theenials, and the methods and workmanship for
providing a 50mm. thick guniting on the upstreawefaf masonry dam including preparation,
providing and fixing reinforcement fabric, placiggnite finishing and curing.

8.6.2 Materials
The cement shall be ordinary portland cement conifog to 1.S 8112: 1989 or |.S. 12269 :
1987, for use in massive structures.

The sand shall consist of natural sand and shatrbag, hard, coarse, sharp, chemically inert,
clean and free from any coatings, organic or ahgmimpurities that may impair the strength
or durability of the gunite mortar and shall comfoto 1.S. 1542. It shall be well graded and
particles shall range in size within the limits apecified in the latest relevant I.S.
specifications. The fineness modules shall be éetw2.4 to 2.8. The sand shall be screened
and thoroughly washed so as to remove all eartlpuiities and shall be dry before being
used for the mix.

The steel reinforcement where used, shall be af Heawn steel wire fabric of mesh size 150
mm x 150mm formed of 3.15 mm. dia. steel wires,faoning to 1.S. 1566. The mild steel
rod to be used as dowels or nails for anchorind.R&. fabric shall conform to I.S. 432. The
steel shall be free from loose mild scale, rudt,grease and other deleterious matter, before
being placing in-situ.

The water proofing compound shall be of approvealitjuconforming to 1.S. 2645.

The water for mixing the grout shall be clean arek ffrom earth, organic matter, acids and
alkaline substances in solution or in suspensiath, tive turbidity within permissible limits.

8.6.3. Preparation Of Surface For Guniting
The masonry surface where guniting is requiredeadne shall be made rough by chipping
and raking out mortar joint deep or as directedh®yEngineer-in-Charge. Chipping shall be
done by using pneumatic chippers or manually byhgisihisels and hammers. After
roughening the surface and raking of joints, treefahall be cleaned and washed by air and
water jets under pressure. It shall be ascertéimatcho loose material, dirt, etc., is left on the
face.

8.6.4. Fixing Reinforcement

10mm dia. M.S. rods are to be securely fixed inangag or concrete at 1m intervals both
horizontally and vertically to a minimum depth &5im. either by drilling holes or any other
approved method. After the rods are fixed, thelliaawn steel wire fabric reinforcement is to
be securely tied to these rods by using binding wirapproved quality. The minimum space
of 20 mm, is to be maintained between the surfddeeoDam and the fabric reinforcement.
The adjacent sheets of wire fabric both horizoptalhd vertically shall be lapped at least
150mm. and firmly tied together with the bindingevof approved gauge. There should be at
least 20mm. cover for the anchor rods.
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Suitable additional anchor bars shall be providedraper intervals, if necessary, for taking
the thickness of guniting work to be done.

8.6.5. Composition And Mixing Of Gunite
The average thickness of guniting shall be 50mmnit8 shall consist of an intimate mixture
of ordinary portland cement, dry sand fly ash (Vé¢hesed) and approved water proofing
agent, by weight, 1%2 Kgs. of water proofing commbis to be added for 50 Kgs. of cement.
All the ingredients shall be thoroughly mixed by adhme mixing before feeding into the
guniting machine. Hand mixing will not be generafigrmitted unless special approval is
accorded.

The mixing operation shall continue for not lesantti %2 minutes after all the ingredients have
been placed in the mixer. Hand mixing, if perndiftehall be thorough and should be done on
a clean and water tight floor. The water contdralisbe regulated so that the mix is elastic
enough to give good compaction and a low percergbgebound and stiff enough not to sag.

8.6.6. Placing Of Gunite

The equipment used for guniting shall be capabldisitharging the sand-cement mixture into
the delivery hose under close control and it shaldtiver a continuous smooth stream of
uniformly mixed materials at the proper velocityth® nozzle. The discharge nozzle shall be
equipped with a manually operated water injectigstesn for directing an even distribution of
water through the sand-cement mixture. The weadbrevshall be capable of ready adjustment
to vary the quantity of water and shall be locatedvenient to the nozzle operator. A nozzle
velocity of about 150 m/sec is preferable.

The required layer of gunite is to be built up bstking several passes of the nozzle over the
working area. The gunite shall emerge from thezlgoin a steady stream. If the flow
becomes intermittent, the nozzle shall be direecwdy from the face. The nozzle shall be
held at a distance of about one metre and shafielbpendicular to the application surface,
except when guniting through reinforcing bars, tiegzle shall be held close and at a slight
angle to permit better encasement and facilitateoxel of rebound. Special care shall be
taken to ensure that no loose material is leftimkthie reinforcement bars. Corners, re-entrant
surfaces and pockets shall be filled first. Thaitgushall be applied in thick layers normally
12mm ( ¥2" ) thickness or as directed by the Engire€harge under a pressure of 5 to 7
Kg/cm2.

When the work is to be suspended at the end oflélyeor otherwise, the gunite shall be
tapered, where practicable, to a thin edge oveidéhvof 30cm. Before work is resumed, the
surface of the gunite upon or against which freshitg is to be placed shall be thoroughly
cleaned, and roughened and shall be wetted to erslequate bond between old and new
gunites. The contractor shall take such preventieasures as the Engineer may consider to
prevent injury to or the formation of objectionalol@atings on completed gunite surfaces by
particles, dust or rebound from subsequent gundjpeyation.

Materials which rebound and drop down, shall incaee be re-used and must be immediately
removed and disposed off. The guniting shall beeda such a manner that waste of cement
due to rebound is minimum. In any case, the copsiom of cement shall not normally
exceed 50Kgs. per sq.m. of gunited surface.

The natural gun finish is preferable but when greamoothness is desired, a fresh coat
containing fine sand shall be applied.

During the period immediately followed by the plagiof the gunite, the gunite shall be

protected against injury from any cause which m dpinion of the Executive Engineer might
result in weakening the bond between gunite andstiréace to which it is applied or in

62



otherwise injuring the gunite. As soon as the fgui set, it shall be properly cured and
protected.

After completing the guniting and after the mix gst, the surface should be thoroughly
sounded by a hammer for drumming areas resultiog frebound pockets or lack of bond,
etc., which should be cut out and replaced to tht&eesatisfaction of the Engineer. Any
guniting which is damaged or found to be defectiag time before completion or acceptance
of the work shall be replaced.

8.7) GROUTING

8.7.1. Foundation Grouting/Curtain Grouting
Pressure Grouting of rock foundations shall broddlpw the procedures outlined in Indian
Standard Specifications: 1.5. 6066 : 1994 (Secorgvidivn) and Indian Standard
Specifications 1.5. 11293 (Part 2) 1994.

8.7.2. Drilling:

a)

b)

c)

d)

The actual locations spacing direction and deptigrotit holes however will depend on
the nature of the rock the results of water presstiother test core drilling and results of
the actual grouting shall be as directed by theirtg®y. The order in which the holes are
drilled and the manner in which each hole is ditikend grouted the proportions of cement
and water used in grout, the type and quantitydofigtures used, the time of grouting the
pressure used in grouting, the depth at which packe to be fixed and all other details of
the grouting operations shall be recorded. Eaclutghmle shall be water tested and
grouted in sections or stages located between sléptthe hole best suited to treat the
geological defects of the foundations as determiaesl to be recorded. For curtain
grouting below the earth dam the grout holes maydiiléed using either diamond or
percussion drilling at the convenience at site. M/percussion drills are used the holes
shall be cleared carefully. However for areas fikglt zones etc.. the method of drilling
shall be as per specifications. The minimum diametesach grout hole shall not be less
than that produced by the appropriate commeraaldstrd drill bit.

Holes shall be drilled vertically or at an incliiwat to the vertical or as required by site
conditions. Exploratory holes shall not deviatenirthe required direction by more than 1
percent of the length of the hole as measuredegbdint of maximum penetration.

On completion of drilling. the holes shall be imnzdly capped or plugged with wooden
plug or steel caps and shall be protected fronyeitdirt,. muck. grout water or any kind
of waste drilled holes or portion of holes shall be left ungrouted for a long time.

All holes remaining open on completion of work $le back-filled with grout.

8.7.3. Core Drilling
All core drilling shall be performed with rotarypg hydraulic feed core drilling equipment
using bottom discharge diamond bits and triple fuvével inner tube type core barrels and
shall include washing of holes with air and wateder required pressures, taking permeability
tests at specified pressures. The log should iedle following data.

Location

Bore Hole

Type and diameter of holes

Ground Level

Immediate, intermediate and equilibrium water leweith times and dates, note
on colour and losses.

Description and state of weathering of rock andélels of its boundaries.
Percentage core recovery.

Rock quality designation percentage.

abrwNE

o N
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9. Type of core barrels used.

10. A record on progress of drilling, rate of penetratitype of bit etc.

11. Water pressure test results.

12. Special observations, If any.

13. Date of starting and completion. Strong 1.05m ltgak wood core boxes as per
IS : 40781980 should be used for preservation té oecovered.

Cleaning Of holes

Before grouting and when a suitable small groupna@ks have been drilled, all but three holes
(consecutive or as otherwise considered suitabsléhiopurpose of cleaning and more or less than
three holes as may be required) shall be closeddearily at the surface. Water and air shall be
pumped under pressure as per standards into tves aold allowed to escape from the third until
all possible loose materials and mud etc., has beesthed out of communicating seems or other
passage ways, if any. Combination of three holes tahe shall thus be cleaned before applying
any grout into the holes. Suitable valves shalliged to permit alternate or continuous injection of
air and water and for quickly switching the flovorin one hole to the other so as to produce the
turbulent action necessary to dislodge the softaterial, if any. Water will be connected to one
hole and air to the other which shall be an adjmjrfiole. The water and air connections shall be
interchanged at frequent intervals to cause watéow in every possible direction. The operation
should be continued till reasonably clear waterrgie® out of the holes.

Pressure Testing holes

When during drilling, abnormal gain or loss of bwater is observed or caving of the hole occurs
or the bit and drill rod falls through an open-draxt cavity or when unusually low recovery is
obtained drilling shall be discontinued and theshghall be water tested. Water testing in about 20
percent of consolidation grouting holes shall lmpueed to be done for entire test holes.

A record of the time, pressures and quantities atewused for testing a section of a hole shall be
maintained. The pressure testing apparatus shalliieated before use and shall be periodically
tested for accuracy and satisfactory operation.

The existing water level in the hole to be testddlisbe established and recorded before
commencement of pressure testing. The pressuresiest be performed in one continuous
operation using the following steps of pressurektanes.

Step No. Pressure (P) Elapsed time minutes.
1P1 = 1/3R3 5
2 P2 = 2/3P3 5
3 P3 = Prescribed Grouting 10
4 P4 = 2/3P3 5
5 P5 = 1/3P3 5

The pressure for step number three shall be equbétgrouting pressure for the stage.

Pressure Grouting

Drilling and grouting holes for curtain groutingathbe done using the split spacing method. Stage
and packer grouting shall be used and drilling gnouting shall be performed in successive
operations. In stage grouting, the hole will bdlellito a limited depth, pressure tested and then
grouted at that depth. After the hole has refusediting (to the extent specified herein after) it
shall be flushed out before the grout in the heale $et sufficiently to require re-drilling. Aftdret
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grout surrounding the grouting hole has set, thie kball be water pressure tested and may be
regrouted, if considered necessary. Thereafteressoely deeper stages shall be drilled. grouted
and tested at increasing water pressure, untitehaired depth of the hole is completely drilled
and grouted. Each stage shall during these opesabe isolated from the previous stage by a
packer provided at the bottom of the previous stage

The curtain grouting will be done to achieve perbidg values of 5.0 lugeon or less in the

foundation rock. The function of curtain grouting to provide extremely effective barrier to

seepage and in this context the post grouting paitiy value should not be more than 5.0

lugeon. The lugeon co-efficient of 1 is approxinhatequivalent to a permeability of 10 cm/sec.

(Water loss is expressed in lugeon and 1 lugeontdsra water loss of 1 liter per metre depth of
hole per minute at a pressure of 10 kg/cm in a@word with 1S : 6066.1971). Additional holes at
closer spacing shall be drilled and grouted wherswevarranted till the test holes drilled midway
between the grouted secondary territory holes atdichrough permeability test a value of 5
lugeons.

Grout mixes usability shall range between 10:1 arisll by volume. No grout hole or grout
connection shall be grouted unless otherwise dpdaiintil allconcreterequired within a radius of
60 metres has been placed set and properly cured.

Back Fill Grouting Of Over Concrete In Tunnel And Test Grouting:

Back fill grouting between the rock and over coterkning is essentially required to fill any
voids/gaps/cavities left after the placement o&ffinoncrete lining and gaps due to shrinkage of
concrete. The concrete lining is to be carriedtbrdaugh pump crete. The portion below springing
level gets filled up through gravity but there ahances of gaps being left in the portion above the
springing level, especially near the crown. Theugng of the crown above the springing level has
to be done to ensure complete interaction betweerconcrete lining and the rock. The contact
grouting is also expected to make it more competeoarry external loads.

Grouting Procedure:

(1) This includes embedment of 75 mm dia grout fipléor to concrete placement in the overt (ii)
fixing the pattern and drilling of grout holes )iRreparation of grout mix (iv) Fixation of sequenc
of grouting operations.

The entire grouting procedure is to confirm 1.887H-1972 (Part VII) and to be arrived in
consultation with the Geologist. Subject to the IBgist the following may be adopted.

Particulars Normal Reaches Poor/High over BrealcRes
Depth of holes in rock 0.9 M 15M

Slicing 3.0M 3.0M

Grout pressure 2.1 kg/M2 3.5 Kg/M2

Test Grouting:

Test grouting of at least 10% of the holes alregabuted shall be carried out to ensure that no
gap/void/cavity remains unfilled. The holes witlglhiconsumption of grout during initial grouting
and those with high water intake but less conswonpiif grout shall be specially included for test
grouting along with other holes.

Daily Records Of Grouting Operations:

Daily Records of grouting operations along with #ygproval of Engineer in charge shall be
maintained as specified it5l Codes.
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REGISTERS TO BE MAINTAINED:

Load Register

Cement Day Book

Sieve analysis for sand and metal

slump for consistency

. compressive strength of concrete

ests to be conducted:

Sieve analysis for the aggregate (field test)
Sieve analysis for coarse aggregate (Field test)
Slump test (Field test)

Compressive strength of concrete (Lab test).

PP -HORMwONE
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CHAPTER -9

FIELD TESTS
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DETERMINATION OF DRY DENSITY OF SOILS IN-PLACEBY T OP CORE-CUTTER

METHOD
As per I.S. 2780 (part XXIX) 1975

SCOPE:

1.

This standard (Part XXIX) covers the method for de¢ermination of the in-place density
of fine-grained material and compacted soils freenfaggregates using a core-cutter.

2. For the purpose of the test described in this stahdx soil shall be termed as fine-grained

soil if not less than 90% of it passes a 1.75mmdi&ye.
APPARATUS :

1. Cylindrical core-cutter of seamless steel tube,ni®0long (see Note 1) and 10 cm
internal diameter, with a wall thickness of 3mmydled at one end. The cutter shall be
kept properly greased or oiled.

Note: 1 Length of cutter:- If the average density overaller depth is required then the
appropriate length of cutter should be used.

Note: 2 Where situations permit for quality control pusps smaller size cutters have also
been used.

2. Steel Dolley- 2.5 cm high and 10cm internal diameter with dl wackness of 7.5mm
with a lip to enable it to be fitted on top of tbere-cutter.

3. Steel Rammer With solid mild steel foot 110 mm diameter anBn¥n height with a
concentrically screwed 25mm diameter solid milcekttaff. The over all length of the
rammer including the foot wall should be approxieha©00mm. The rammer (foot and
staff together) should weigh approximately 9 ke %ig.1)

4. Balance:-Accurate to 1 g.

5. Palette Knife: A convenient size is one having a blade approtdgim@0cm long and 3 cm
wide.

6. Steel Rule

7. Graffing Tool or spade or pick axe.

8. Straight EdgeSteel strip about 30 cm long 2.5 cm wide and 3rton thick, with one
beveled edge will be suitable.

9. Apparatus for extracting samples from the cuttetiemal.

10. Apparatus for determination of water content:- attcordance with 1S:2720 (Part Il) —
1973.

PROCEDURE:
1. The internal volume (Vc) of the core-cutter in aubentimeters shall be calculated from

its dimensions which shall be measured to the se@r25mm.
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2. The cutter shall be weighed to nearest gram (Wc).

3. A small area approximately 30cm square of thelagér to be tested shall be exposed and
leveled. The steel dolly shall be placed on tophef cutter and the patter shall rammed
down vertically into the soil layer until only ablol5mm of the dolly protrudes above the
surface, care being taken not to rock the cuttee (Sote). The cutter shall then be dug
out of the low surrounding soil, care being takeralow some soil to project from the
lower end of the cutter. The ends of the soil abrall then be trimmed flat to the ends of
the cutter by means of the straight edge.

Note:- The cutting edge should be kept sharp. diiteer should not be used in stony
soils.

4. The cutter containing the soil core shall be weigtrethe nearest gram (Ws).

5. The soil core shall be removed from the cutter amelpresentative sample shall be placed
in an air-tight container and its water content @etermined as in 1S:2720 (Part 1) —
1973.
Note:- It is necessary to made a number or repetarmiinations (At least three) and to
average results, since the dry density of the\smiles appreciably from point to point.
The number of determinations should be such thatdatitional one would not alter the
average significantly..

CALCULATIONS:

1) The bulk density ¥ that is, the weight of the wet soil per cubic tieeter shall be
calculated from the following formula:

Y, = W.— W, glent

Ve
Where

W; = Weight of soil and core-cutter in g.
W, = Weight of core-cutting in g, and
V. = Volume of core-cutter in ¢cn

2) The dry density Yd, that is, the weight of the/ &doil per cubic centimeter shall be
calculated from the following formula:

Yd = 100 Yb g/eni
100+W
Where
Yb = Bulk density (sec.4.1),
W = Water content of the soil (percent) to twandfigant figures

REPORTING OF RESULTS:

a) The results of the test shall be recorded in ablgtform, A recommended proforma for the
record of the results of this test is given in Apgie A.
b) The following volume shall also be reported.

a) Dry density of the soil to second place of deciimaj/cn? and
b) Water content of the soil (percent) to two sigrficfigures.
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APPENDIX - A

(Clause 5.1)

DETERMINATION OF DRY DENSITY OF SOIL IN-PLACE

(CORE-CUTTER METHOD)

The test results shall be calculated as follows:

Project: Tested By:
Location: Date:
SI.No. | Determination No. 1

1 Weight of core-cutter wet soil (Ws), in d.

Weight of core-cutter (Ws), in g.

Weight of core-cutter (Wc), in g

Weight of wet soil (Ws-Wc), in g

Volume of core-cutter (Vc), in ¢

oo~ lwiN

Bulk density
Yb= (Ws-Wc)/Vc, in g/chh

~

Water content container No.

Weight of container with lid (W1) in g.

|0

Weight of container with lid and wet soi
(WZ)l in g

10 Weight of container with lid and dry soill
(W), ing

11 Water content (W), in percent
W= W2-W3X 100
W3-W1

12 Dry density
Yd =100 Ybin glcn?
100 + w
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SAND
(1.5.2386 (Part-1) — 1963) & (1.S.383-70)

SIEVE ANALYSIS

1) AIM : Determination of particle size distribution ofdiaggregates by sieving or
screening.
2) APPARATUS :a) Sieves Sizes:
10.0 mm 600 microns
4.75 mm 300 microns
2.36 mm 150 microns
1.18 mm

b) BalanceTake a balance of suitable capacity and accuracy
of 0.1¥the weight of the sample.

3) SAMPLE Take 500 grams of the sample for testing.
4) PROCEDURE Take an air-dried sample for weighing and sievifigis may be achieved

either by drying at room temperature or by heatihg temperature of 10Qto 110°C. Weigh
the air dry sample and sieve it successively oratize sieves starting with the largest.

(a) Hand Operation: Shake each sieve separately over a clean traly nmimaterial passes
through the sieves, but in any case for a periatbbfess than two minutes. The shaking is to
be done with a varied motion, backwards and forgaleft to right, circular clock wise and
anticlock wise with frequent jarring, so that thaterial is kept moving over the sieve surface
frequently changing directions. Materials are tmtbe forced through the sieve by hand
pressure. Lumps of fine material, if present arbe broken by gentle pressure with fingers
against the side of the sieve. Light brushing witft brush on the under side of the sieve may
be used to clear the sieve openings.

(b) Machine Operations: The set of sieve along with the cover startingrfrihe 10mm sieve on
top, one below the other and the container in tdersshown above is fixed on the electrically
operated sieve shaker. Place the sample in thmosipsieve i.e., of 10mm size, and do the
sieving for about 5 minutes.

Light brushing with a hair brush may be used on1b@ micron I.S. sieve to prevent aggregation
of powder and blinding of apertures.

On completion of sieving, weight the material reéal on each sieve together with any material
cleaned from the mesh.

RESULTS : Calculate the results and report them as follows:
(a) The cumulative percentage retained on each indiwidieve, expressed as a percentage of the
total sample.

(b) The percentage of material passing each sieveegsgd as a percentage of the total sample.

Fineness Modules: An empirical factor obtained by adding total petegie of a sample of the
aggregates retained on each of the following sefisgeves divided by 100.
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The sieves used are 150, 800, 600 microns 1.18, 2.35,10, 20, 40 mm and larger increasing in

the ratio 2:1.

Fineness modules (F.M) to the fine aggregate:

Mass retained Cumulative mass Cumulative
I.S. sieve size retained percentage of mass
(grams) (grams) retained (grams)
4.75 0 0 0
2.36 100 100 10
1.18 220 320 32
600 250 570 57
300 230 800 80
150 190 990 99
150 10
Total 1000 278
Fineness Modulus — F.M = 278/100 = 2.78
Grading of sand
F.M.from2.2t02.6 - Fine Sand
From26t029 - Medium Sand
From29t0 32 - Coarse Sand
Fine Aggregate Grading I.S. Codes 383 — 1970.
Percentage of passing
I.S. Sieve Designation Grading Grading Grading Grading
Zone — | Zone — I Zone — Il Zone — IV
10 mm 100 100 100 100
4.75 mm 90-100 90-100 90-100 90-100
2.36 mm 65-95 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 0-15
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SIEVE ANALYSIS (COARSE AGGREGATE)
(1.S.383-1970 AND I.S 2386 (PART-I) — 1963)

Determination of particle size distribution of cemaggregate by sieving.

APPARATUS :

1

~—

4)

4.1)

Sieves:Sieves of the sizes conforming to 1.S.460-1978¢tSjcation for test sieves” shall
be used: 80mm, 63mm, 50mm, 40mm, 31.5mm, 25mm, 20b&mm, 12.5mm, 10mm,
6.3mm, 4.75mm.

Balance:Take the balance such that it is readable andraiecto 0.1 percent of weight of
the test sample.

Sample:The weight of the sample available is to be ngs lhan the weight given in table —
I. Prepare the sample for sieving from the laggenple either by quartering or by means of
a sample divider.

TABLE — |
Minimum weights for sampling

Max. size present in substantjal Min. wt. of sample required for
proportions testing
63 mm 100 kgs
50 mm 100 kgs
40 mm 50 Kkgs.
25 mm 25 kgs
20 mm 12 kgs
16 mm 6 kgs.
12.5 mm 6 kgs.
10.0 mm 3 kgs.

ProcedureShake each sieve separately over a clean traynantnaterial passes through the
sieves but in any case, for a period of not leas two minutes. Do the shaking in a varied
motion and anticlock wise and with frequent jarrgaythat the material is kept moving over
the sieve surface in frequent changing directitegterial is not be forced through the sieve
by hand pressure, but on sieve coarser than 20phating of particles is permitted; break
lumps of fine materials, if present by gentle puesswith fingers against the side of the
sieve.

In order to prevent blinding of the sieve aperturgsover loading the amount of aggregate
placed on each sieve shall be such that the weigthie aggregate retained on the sieve at
completion of the operation is not greater than vhkie given for that sieve in table-Il.
Sample weights given in table-1ll will thus nornyallequire several operations on each
sieve.
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Table — I

Maximum weight to be retained at the completion osieving

Maximum weight for

|.S. Sieve 45 cm dia sieve 30cm dia sieve
Kgs Kgs
50 mm 10 4.5
40 mm 8 3.5
31.5 mm or 25 mm 6 2.5
20 mm 4 2.0
16 mmor 12.5 mm 3 15
10 mm 2 1.0
6.3 mm 15 0.75
4,75 mm 1.0 0.50
3.35 mm - 0.30
Table — Il

Minimum weight of sample for sieve analysis

Max. size present in substantial proportions Mih.of sample to be taken for sieving.
63 mm 50 kgs.
50 mm 35 kgs.
40 or 31.5 mm 15 Kkgs.
25 mm 5 Kkgs.
20 or 16 mm 2 kgs
12.5 mm 1 kg.
10.0 mm 0.5 kg.
6.3 mm 0.2 kg.
4.75 mm 0.2 kg.
2.36 mm 0.1 kg.

4.2) If the amount of the coarse aggregate is obtairsedb@ve is substantially less than the
required for testing in accordance with Table ;-thke another sample which is sufficiently
large to produce an adequate sample. If the anwithe coarse aggregate thus obtained is
substantially greater than that required for tgsteduce it by quartering or by means of a

sample divider.

4.3) Reporting of results: Calculate the results andntefpem as:

a) The cumulative percentage by the weight of thd &#mple passing each of the sieve to the

nearest whole number.

b) The percentage by weight of the total sample pgssire sieve and retained on the next
smaller sieve to the nearest 0.1 percent.

74



TEST FOR WORKABILITY OF CONCRETE BY SLUMP TEST
(As per 1.S.1199-1959)

AIM : This method of test specifies the procedure tatdepted either in the
laboratory or during the progress of work in theldj for determining, by the slump test, the
consistency of concrete where the nominal maximama aggregate does not exceed 38mm.

APPARATUS Slump mould (in the form of the frustum of a cohaying bottom dia
20cm., top dia 10cms. And height 30cms) (as showinS.1199-1959) Tamping rod (16mm. dia,
60cms. Long and rounded at one end).

SAMPLING If this test is being carried out in the fieldeteample of freshly mixed
concrete shall be obtained, in the case of cona@téaining aggregate of max. size more than
38mm the concrete shall be wet. Sieved through: (ilhch) 38mm screen to exclude particles
bigger than 38mm.

PROCEDURE : The internal surface of the mould shall be thohdygleaned and freed
from superfluous moisture and any set concretereefommencing the test. The mould shall be
placed on a smooth, horizontal, rigid and non-ahesatr surface, such as a carefully leveled metal
plate, the mould being firmly held in place whiteis being filled. The mould shall be filled in
four layers, each approximately one quarter ohtkight of the mould. Each layer shall be tamped
with twenty five strokes of the rounded end of thimping rod. The strokes shall be distributed in
a uniform manner over the cross section of the thanld for the second and subsequent layers
shall penetrate in the underlying layer. The batiayer shall be tamped throughout its depth.
After the top layer has been rodded, the concretdl be struck off level with a trowel or the
tamping rod, so that the mould is exactly fillelny mortar which may have leaked out between
the mould and the base plat shall be cleared &rttidi mould slowly in vertical direction. Record
the slump, in terms of millimeters of subsidenceasured as a difference between the top level of
the mould and the top of the concrete specimen.

Any slump specimen which collapses or shears td#fddly gives incorrect result and if this occurs

the test shall be repeated with another sampléheliepeat test also, the specimen should shear,
the slump shall be measured and the fact thatptbereen sheared, shall be recorded.
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TEST FOR COMPRESSIVE STRENGTH OF CONCRETE SPECIMENS
(1.S: 516 — 1956 )

AIM : Determination of the compressive strength of cetacspecimen.
APPARATUS : Testing machine two steel bearing plattens withdéaed faces (as per
I.S.:516-1959).

THEORY : Test shall be made at recognized ages of thespestimens, the most

usual being 7 and 28 days, ages of 13 weeks angleameare recommended if tests at greater ages
are required. Where it may be necessary to olti@irearly strengths, tests may be made at the
ages of the early strengths, tests may be made adge of 24 hours % hour and 72 hours &
hours. The ages shall be calculated from the tifribe addition of water to the dry ingredients.

NUMBER OF SPECIMENS: At least three specimens, preferably from différeatches, shall
be made for testing at each selected age.

PROCEDURE: Specimens stored in water shall be tested immadian removal from
water and while they are still in the wet conditioBurface water and grit shall be wiped off the
specimens and any projecting fines removed. Smsnwhen received dry shall be kept in water
for 24 hours before they are taken for testing. @hmeensions of the specimens to the nearest
0.2mm and their weight shall be noted before tgstin

Placing the specimen in the testing machine: -3&sring surfaces of the testing machine shall be
wiped clean and any loose sand or other matermabved from the surfaces of the specimen
which are to be in contact with the compressioritge. In the case of the cubes, the specimen
shall be placed in the machine in such a manneithledoad shall be applied to opposite sides of
the cubes as cast, that is, not to the top andtottThe axis of the specimen shall be carefully
aligned with the centre of thrust of the sphericalbated platten. No packing shall be used
between the faces of the test specimen and thé @een of the testing machine. As the
spherically seated block is brought to bear onsghecimen, the movable portion shall be rotated
gently by hand so that uniform seating may be okthi The load shall be applied without shock
and increased continuously at a rate of approximnd#0 kg/sg.cm. min., Until the resistance of
the specimen to the increasing load breaks downnandreater load can be substained. The
maximum load applied to the specimen shall thereberded and the appearance of the concrete
and any unusual features in the type of failurdl slzanoted.

CALCULATION: The measured compressive strength of the specinadinbe calculated by
dividing the maximum load applied to the specimenirdy the test by the cross sectional area,
calculated from the mean dimensions of the seea@hshall be expressed to the nearest kg/sqg.cm.
Average of three values shall be taken as the septative of the batch provided the individual
variation is not more than ¥5% of the average. Otherwise, repeat test shathdde.

In case of cylinders, a correction factor accordmghe height to diameter ratio of specimen after
capping shall be obtained from the curve shownigrifof I.S. 516-1959. The product of this

correction factor and the measured compressivengitreshall be known as the corrected
compressive strength, this being the equivalerngth of a cylinder having a height/diameter
ratio of two. The equivalent cube strength of ¢bacrete shall be determined by multiplying the
corrected cylinder strength by 5/4.
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REPORT. : The following information shall be included ihet report on each test
specimen:-

a) Identification mark

b) Date of test

C) Age of specimen

d) Curing conditions including date of manufacturespécimen in the field

e) Weight of specimen

f) Dimensions of specimen

Q) Compressive strength

h) Maximum load and

i) Appearance of fractured faces of concrete and tyfpéractures if these are
unusual.
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SAMPLING OF C.C. WORK
CASTING OF C.C. CUBES OF THE REPRESENTATIVE CONCRETE

DESCRIPTION

Cube mould consists of four plates bolted togetfidre faces of the plates are precisely machined.
The assembled mould can be clamped to the pldie.nould can be dismantled into two parts by

unscrewing the bolts holding the plates. The maald be clamped with ‘L’ bracket to the base

plate which is accurately machined flat.

Frequency of sampling as per I.S. 456-1978

Quantity of concrete placed®m Number of samples
Upto5m 1

Over 5 but under 15 2

Over 15 but under 30 3

Over 30 but under 50 4

Over 50 m 4 plus 1 per additional 50°%ur part thereof
OPERATION:

For hand compaction method, use a standard tampthgf 16mm dia. 60cm long and rounded at
one end. (Tamping Rod with ISI certification magk 10086) compact each layer of concrete
with tamping rod in such a manner that the straiethe rod are uniformly distributed over the
cross-section of the cube-mould, for example, fad thm mould not less than 25 strokes shall be
used, for 150 mm mould 35 strokes and for large sipulds still higher number of strokes shall
be used. The strokes shall penetrate into therlyirte layer and the bottom layer shall be rodded
throughout its depth. Where voids are left by td@ping bar, then side of the mould shall be
tamped to close the voids.

When vibration method is used for compaction, dagar shall be vibrated by means of electric or
pneumatic hammer or needle vibrator or by meansa sliitable vibrating table until specific
condition is attained. The mode and quantum offadibn of the laboratory specimen shall be as
nearly the same as those adopted in actual comgrepierations.

After completion of the compaction of the top layjish the concrete surface level with top of
the mould using a trowel (supplied at an extra)cost

Cover the casted cube mould suitably and storepiace free from vibration, in moist atmosphere
of at least 90 percent relative humidity and atragerature of 27 2°c (in field the temperature of
the place of storage from 22 to 32 C is permissible) for 24 hours % hour from the time of
addition of water to the dry ingredients.

After this period, mark the specimen and removeoih the mould by dismantling the mould into
two parts and submerge it in clean, fresh wateyaturated with lime solution at a temperature of
27 +2°c and keep it till the time of testing for compiigesstrength.

PRECAUTIONS:
1) Representative sample of the lot of the concretesmould be taken.

2) Before moulds are assembled, there should not elignor hardened mortar on the faces of
the flanges as this would prevent the sections fiiting together closely. The faces of the
flanges, inside surfaces of the mould and top efliase plate must be thinly coated with
mould oil to prevent leakage and sticking of coteenould oil is not provided).
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3)

4)

5)

6)

7

When it is found that the mould is too much fullaeincrete the top should never be scraped
off because in this way ttfat’ is taken off which leaves the concrete short ohest than it
should be. A corner of the trowel should be usedi out a fair sample of concrete as a
whole.

If the mix is wet, after the specimens have stotitlla time, water will tend to come up to the
surface and then slides to sink below the top effould. To allow for this, a wet mix just a
little proud of the top of the mould should alwdpesleft.

Once a specimen has been compacted, it shouldent#fbon the same bench as another
specimen that is being compacted; because of vduiote vibration would be passed on to the
first specimen and it would be more compacted tharother.

For removing moulds, the bolt should be loosenedake out the specimen by taking the
mould apart completely. Concrete should not bewadtl to dry or harden on the faces of
mould. Dirt should not be allowed to collect betwehe faces of the flanges, as this would
lead to leakages in moulds due to improper fitting.

The reference number and date should be inscribédeospecimen directly after moulding or
these details should be put on the specimen &teoving it from the mould the next day, and
a record of which concrete went into which moulth&ttime of casting should be maintained.

MAINTENANCE:
The mould should be kept clean from any stickingemal. The faces of the mould and base
should be oiled adequately.

Note: Another range of 7.06 cm cube moulds are to legl der cement mortar compressive

strength testing.
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DETERMINATION OF FIELD DENSITY BY SAND
REPLACEMENT METHOD

SCOPE:
The object of the test is to determine the dry iemd natural or compacted soll, in place, by the
sand replacement method.

EQUIPMENT AND MATERIALS:

1) Sand pouring cylinder of about 3 litre capacity,umi@d above a pouring cone and separated
by a shutter cover plate and shutter.

2) Cylindrical calibrating container, 100mm interndmeter 150mm internal depth fitted with
flange approximately 50mm wide and about 5mm thick.

3) Glass plate, about 450mm square and 10 mm thick.

4) Metal tray with a central circular hole of diametgual to the diameter of pouring cone.
5) Tools for excavating hole.

6) Balance accurate to 0.01 g.

7) Container for water content determination.

8) Clean closely graded natural sand passing the 6&®mIS sieve and retained on the 300
micron IS sieve.

TEST PROCEDURE:

Determination of weight of Sand filling the cone

Fill clean closely graded sand in the sand pouciylonder (SPC) up to a height of 1cm below the
top. Find the initial weight of cylinder plus safM/1). This weight is to be maintained constant
through out. Place the SPC on a flat surface amd tipe shutter. When no movement of sand is
observed close the shutter and find the weightRE.SThe difference between these two gives
weight of the sand in conical portion.

Determination of bulk density of sand
Determine the volume of the calibrating contairf®our sand into the calibrating can along with
the conical portion. The difference in weights betw wl and weight of SPC after filling the
calibrating can gives the weight of sand in thebcating can. This weight of sand divided by
volume of sand gives density of sand.

Determination of dry density of soil in-place

Clean the area of about 45 Tand place the metal tray over the area. Excabatsdil equal to a
depth of about the depth of the calibrating cormand put it in the tray and find the weight of th
excavated soil. Fill the excavated hole with saonahfthe SPC along with the conical portion. The
difference in weights between WI and this weightegi the weight of sand in the cone. The
volume of soil is found by dividing the weight afred in the excavated hole by the density of sand.
The weight of excavated soil divided by the voluofesoil gives the density of soil. The dry
density is found from this wet density. Keep a espntative soil for water content determination.
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DETERMINATION OF LIQUID LIMIT OF SOIL

DOCUMENTS USED:
INDIAN STANDARD SPECIFICATION

IS 2720(Part 5) 1985- Determination of Liquid Limit of Soil second
revision; reaffirmed1995

SCOPE:
The objectof the test is to determine the liquid limit of thell ssample using Casagrande type
mechanical liquid limit apparatus.
MATERIAL EQUIPMENT:
1. Mechanical liquid limit device:
i) Casagrande type (BS tool) : Grooving too(tep = 11mm wide)
(Bottom=2mm wide)
(Height = 8mm)
Grooving tool 'b' (top =13.6mm wide)

(bottom=2mm wide)
(height = 10mm)

i) Porcelain evaporating dish : 12 cm diameter
iii) Flexible spatula : 8 cm long, 2 cm wide
V) IS Sieve : 425 micron

vi) Wash bottle with distilled water
vii) Desiccators

viii) Balance : accurate to 0.01g

CONDITIONS TO BE MAINTAINED DURING TEST:

Thermostatically controlled oven : 105°C - 110°C
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TEST PROCEDURE:

By means of the gauge on the handle of the grootdngand the adjustment plate, adjust the
height through which the cup is lifted and dropgedhat point on the cup which comes in contact
with the base falls through exactly one centimetieen the handle is rotated by one revolution.

Take about 120 g of the specimen, passing throght25-micron sieve, and mix it thoroughly
with distilled water in the evaporating dish ortbe marble plate so that uniform paste is formed.

Take a portion of the paste with the spatula aadeplt in the center of the cup so that it is almos
half filled. Level off the top of the wet soil synatnically with the spatula, so that the maximum
depth of the soilis 1 cm.

With the help of grooving tool' a' the paste in thup is divided along the cup diameter (through
the center line of the cam follower), by holding ttool normal to the surface of the cup and
drawing it firmly across, however, in the case afdy soils tool 'a’ does not form a neat groove
and hence tool 'b; is used.

Turn the handle of the apparatus at the rate ofréwvolutions per second, until the two parts of the
soil come in contact with the bottom of the groaleng a distance of 10 mm and record the
number of blows.

Collect representative sample of soil at right eaglo the groove, including the portion of the
groove in which the soil flowed together for watentent determination.

Change the consistency of the mix by either addiege water or leaving the soil paste to dry, as
the case may be, and repeat the above steps antheatumber of revolution to close the groove.
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DETERMINATION OF INDEX PROPERTIES:
The soil paste in these operations should be df soosistency that the number of revolution or
drops to close the groove is 23.6.
TABULATION OF OBSERVATION:
The observations are tabulated as illustrated in thle
Data and Observation Sheet for Liquid Limit Determination

Soil No. C

Determination No. 1 2 3 4

Number of blows

Container number

Mass of container + wet soil (g)

Mass of container + dry soil (g)

Mass of water (g)

Mass of container (g)

Mass of oven-dry soil (g)

Water content (%)

CALCULATION AND RESULTS:

Plot the flow curve with water content as the oatinand log of number of blows as abscissa. The
water content Corresponding to 25 blows is takethadiquid limit of the soil.

NOTE:
- The test should be repeated if the soil tendsitte shstead of flowing. The test is not

applicable if repeated slipping occurs.

The soil should not be oven dried before the conuaerent of the test.

Distilled water should be used.

If possible the test should be performed in a hurodam.
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DETERMINATION OF PLASTIC LIMIT OF SOIL

DOCUMENT USED:
INDIAN STANDARD SPECIFICATIONS

i) 1S 2720 (Part5) 1985 - Determination of Plastic Limit of Soil
secaedgision; reaffirmed 1995

SCOPE:
The object of the test is to determine the pldstiit of soil sample and then to calculate Plasfici
index, Toughness index, Liquidity index and Coresisy index of the soil.

MATERIALS AND EQUIPMENT
The materials and equipment of liquid limit plusod of 3 mm diameter.

CONDITIONS TO BE MAINTAINED DURING TEST:
Thermostatically controlled oven 105°C - 110°C

TEST PROCEDURE:

Take about 20g of air-dried soil from the thoroyghiixed portion of the material passing 425
micron IS sieve. Mix it on the marble plate witHfgient distilled water to make it plastic enough
to be shaped into a ball.

Take about 8g of the plastic soil; make a balt,camnd roll it on the marble (or glass) plate vitie
hand with just sufficient pressure to roll the mexe a thread of uniform diameter throughout its
length. When the diameter of the thread has dsedeto 3 mm the specimen is kneaded together
and rolled out again. Continue the process umtilthread just crumbles at 3 mm diameter.

Collect the crumbled soil threads in the airtighdntiner and keep it for water content
determination.

Determine the natural water content of the soil@arobtained from the field.
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TABULATION OF OBSERVATION:

Data and Observation Sheet for Plastic Limit Deterrmation,

Soil No. C-
Determination Number 1 2 3
Container Number
Mass of container + Wet Soil (9)
Mass of Container + Over-dry Soil (g)
Mass of Water (9)
Mass of Container (9)
Mass of Dry Soil (9)
Water Content %
Plastic Limit =

Natural water content of field soil
CALCULATION:
1. Plastic limit =

2. Plasticity index = Liquid limit — Plastic limit

3. Liquidity index | = —eeeoemeemeees -

4. Consistency index £~ ------------- =
5. Flow index 4= ( Wi-W,) / (log 10 no/ny); where
nl, n2 = no of blows

W1, W2 = Water content corresponding to no of blows
It = slope of the curve, known as the flow index

6. Toughness index IT = ---------

Liquid Flow Index| Plastic Plasticity Liquidity Consistency| Toughness
Limit W1 P Limit W, Index |, Index L Index | Index k
NOTE:

Oblique rolling should not be done. The rate ofimgl should be between 80 and 90 strokes
per minute.

In the case of sandy soils plastic limit shoulcdb&ermined first. When the plastic limit cannot
be determined, the plasticity index should be reggbas NP (non-plastic)

When the plastic limit is equal to or greater tham liquid limit, the plasticity index should be
reported as zero.

85



DETERMINATION OF ORGANIC IMPURITIES

DOCUMENTS USED:

IS: 2386 (Part - II) - 1990

I1S: 383 - 1990

SCOPE:

Determination of organic impurities

PROCEDURE FOR ESTIMATION OF ORGANIC IMPURITIES:

SCOPE:

This method of test covers an appropriate methoestimating whether organic compounds are
present in natural sand in sufficient quantitiebéoharmful and hence intended to show whether

further tests are necessary or desirable (Harndggasnic materials may cause colouration and
certain naturally occurring organic compounds dbaanise colouration.

Apparatus:
i) A 350 ml graduated clear glass medicine bottl2Nos.

Chemicals:
i) Sodium hydroxide (3% solution)

i) 2% solution of Tannic acid
iii) 10 percent alcohol

Sheet:
i) Coloured acetate sheets for comparison

The sand shall be tested as delivered and withgirigl A 350ml graduated clear glass medicine
bottle is filled up to the 75ml mark with 3% soluti of sodium hydroxide in water. The sand is
added gradually until the volume measured by timel $ayer is 125ml. The volume shall then be
made up to 200 ml by adding more solution. Theldast stoppered and shaken vigorously and
allowed to stand for 24 hours.

Other tests are made if the colour of the liquidwabthe sand is darker than a standard solution
freshly prepared as follows:

2.5ml of 2% solution of tannic acid in 10% alcolebdded to 97.5 ml of a 3% sodium hydroxide
solution and is placed in a 350-ml bottle closethvgitopper, shaken vigorously and allowed to
stand for 24 hours before comparison with the smiu@above the sand. Alternatively, an
instrument or coloured acetate sheets for makiagtimparison is obtained but it is desirable that
these be verified on receipt by comparison withstaedard solution.
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DETERMINATION OF SILT CONTENT (FIELD TEST)

The percentage of silt content may be determinegivas below:

A sample of sand to be tested shall be placed witdoying in 200ml. measuring cylinder. The
size of the sample shall be such that it fills ¢iggnder up to 200ml. mark (h). Clean water shall
be added over it up to 150ml. mark. The mixturalighen be shaken vigorously and the contents
allowed to settle for 3 hours. The height of @itible (h1) as settled layer above the sand $f=all
expressed as percentage of the height of the sdad/(h?2).

Ht.of sand including Ht.of silt settled Ht.of sand below the  Silt content %
silt silt
h hl h2 _hl 100
h2
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DETERMINATION OF BULKAGE ALLOWANCE OF SAND
(FIELD METHOD)

Object: This test covers the procedure of determinindhanfteld, the amount of surface moisture
or bulkage in fine aggregates by displacement itewa

General: Sand brought on to the site may contain an amaofumioisture which will cause it, when
loosely filled into a container, to occupy a largetume than it would occupy when dry. If sand
is measured loose (wet) it is necessary to add mmitene of sand (based on bulkage) in order
that the amount of sand put into the concrete maythe amount intended for the proposed
nominal mix.

Procedure: The procedure adopted depends on the fact thatdlume of inundated sand is the
same when dry.

In a 250ml. measuring cylinder pour the damp saatlime \, (consolidating by shaking) until it
reaches the h mark. Then fill the cylinder withtevaand stir the sand well. (The water shall be
sufficient to submerge the sand completely). It e seen that the sand surface is now below its
original level. Suppose the surface is at the mariknl. The percentage of bulking of the sand
due to moisture shall be calculated from the foemul
Percentage bulking: 100 (V5
Y

The percentage of bulkage of sand shall be rountfed the nearest whole number.

BULKAGE OF FINE AGGREGATE

. Initial . . Bulkage %
ﬁg ng::glgoﬁo. Date f;!tlme of reading in Flrzﬁlégidlng vivf X 100
CC vi \Yi

1

2

3
Limitations:
Fine Sand 0 to 38% Water content 0 to 27%
Medium sand 0 to 29% Water content 0 to 20%
Course sand 0 to 18% Water content 0 to 17%

88



DETERMINATION OF SURFACE MOISTURE IN FINE AGGREGATE S
(FIELD METHOD)

DOCUMENT USED
IS: 2386 (Part Ill) -1963. Methods of test for aggegates for concrete
SCOPE:

This method of test covers the procedure for deteng in the field, the amount of surface
moisture in fine aggregates by displacement in wdliee accuracy of this method depends upon
the specific gravity of the material in saturatedace in dry condition.

APPARATUS:
The apparatus shall consist of the following.

a) Balance:
A balance having a capacity of 2 kgs or moresarsitive to 0.5 gms or less.

b) Flask:

A suitable container or flask preferably made @fsgl or non-corrosive metal. The container may
be a Pycnometer, a volumetric flask, a graduatddnweiric flask or other suitable measuring

device. The volume of the container shall be frota 2 times the loose volume of the sample. The
container shall be so designed that it can bedfillp to the mark, or the volume of its contents
read, with in 0.5 ml. or less.

PROCEDURE:

The surface water content may be determined eitheveight or by volume. In each case the test
shall be made at a temperature of 22° C. to 32° C.

DETERMINATION BY WEIGHT:

The container shall be filled up to the mark witater and the weight in grams is determined. The
container shall be emptied. Enough water shallldeggl in the container to cover the sample, after
which the sample of fine aggregate shall be intceduinto the container and the entrained air is
removed. The container shall then be filled to ¢mgginal mark, and the weight in grams is
determined. The amount of water displaced by theptashall be calculated as follows.
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Vs = Mc+Ms-M

Where Vs = Wt in grams of water displaced by thada.

Mc = Wt in grams of container filled up the markthwvater.

Ms = Wt in grams of sample.

M = Wt in grams of sample + container filled to thark with the water.
DETERMINATION BY VOLUME:

A volume of water sufficient to cover the samplalsimeasure in ml and placed in the

container. The weighted sample of fine aggregasdl ghen be admitted into the container

and the entrapped air is removed. The combinechwalof the sampled and the water shall be
determined by direct reading when a graduated flaskised. Where a Pycnometer or

volumetric flask of known volume is used, the condol volume of the sample and the water
shall be determined by filing up to the mark with measured volume of water and

subtracting this volume from the volume of the eamér. The amount of water displaced by
the sample shall be calculated as follows:

Vs=V2-V1.

Where Vs = volume in ml of water displaced by theple, V2 = combined volume in ml of
the sample and the water, and V1 = volume in mbater required to cover the sample.

CALCULATION : The percentage of surface moisture in terms efséturated surface dry
fine aggregate and in terms of the weight of wes taggregates shall be calculated as follows:
P1 = (Vs -vd)/ (Ms - Vs) X 100.

P2 = (Vs-vd)/ (Ms - Vd) X 100. Where

P1 = Percentage Surface Moisture in terms of saiiurface dry fine aggregates.
Vs = weight in grams of water displaced.

Vd = weight of the sample divided by the specifia\gty on saturated and

surface dry basis determined as prescribed.

Ms = weight in grams of sample.

P2 = Percentage surface moisture in terms of thghtvef wet fine aggregate.
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CHAPTER - X

Formats of Test Results (Registers)
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IRRIGATION AND CAD DEPARTMENT
TEST REPORT

DETERMINATION OF FREE SWELL INDEX OF SOIL

Name of Work

Sample No. & Location Date

Tested by

Weight of Sample : 10 Grams

vd = Volume of soil specimen read from the graddatylinder containing
distilled water

Vk = Volume of Soil specimen read from the graddatginder containing
kerosene

Free Swell index, percent = ((vd-VK) / Vk) X 100

Limitation =  Swell potential should be less tha¥®5
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FINENESS MODULUS OF FINE AGGREGATE

TEST REPORT

Name of Work: Sample No.:
Location :
Weight of Sample: Date of Testing:
Sl. |.S. Sieve Weight | % Weight | Cumulative Percentage | Remarks
No. | Designation | Retained | Retained & Weight passing
in Gms Retained
1 | 10mm
2 | 4.75mm
3 | 2.36mm
4 | 1.18mm
5 | 600 micron
6 | 300 micron
7 | 150 micron
TOTAL:
Sum of Cumulative
Fineness Modules = % Weight retained
10
Fine Sand :2.211t0 26

Medium sand :2.6to0 2.9

Coarse Sand

:2.91t03.6
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GRADING LIMIT FOR FINE AGGREGATE (I.S. 383 — 1970)

_ Results Percent Passing
I\SIcl)' Dleiu Snlzggn of Grading Sgi%r}? Grading | Grading | Remarks

' 9 sample | Zone —| Zone Il Zone IV
1 10mm 100 100 100 100
2 4.75mm 90-100 90-100 90-100 90-100
3 2.36mm 60-95 75-100 85-100 95-100
4 1.18mm 30-70 55-90 75-10( 90-100
5 600 micron 15-34 35-59 60-79 80-100
6 300 micron 5-20 8-30 12-40 15-50
7 150 micron 0-10 0-10 0-10 0-15

Results: 1. Fineness Modules
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FINENESS MODULUS OF FINE AGGREGATE

Name of Work:

Weight of Sample:

TEST REPORT

LOCATION :

Date of Testing:

Particular size distribution and fineness modulus Veéight of sample:

I.S. Sieve
Designation

Weight
retained

% Weight
Retained

% Weight
Passing

Cumulative
% weight
retained

Remarks

80mm

63mm

40mm

20mm

16mm

12.5mm

10 mm

4.75 mm

2.36mm

TOTAL:

Fineness Module = Sum of Cumulative % Weight Retaied

100

Grading limits for coarse aggregates (1.S. 883-1970

Percentage passing for
I.S. Sieve Results Percentage passage for single size aggregate onhalosize graded aggregate of
Designation of nominal size
sample
63mm| 40mm| 20mm| 16mn) 12.5mm| 10mm| 40mm| 20mm| 16mm| 12.5mm
80mm 100 - - - - - 100 - - -
63mm 85- 100 - - - - - - - -
100
40mm 0.30 | 85.100100 - - - 95- | 100 - -
100
20mm 0-5 0.20 85.10P100 - - 30-70| 95- | 100 100
100
16mm - - - 85- | 100 - - - 90- |-
100 100
12.5mm - - - - 85-100| 100 - - - 90-10
10mm 0-5 0-5 0-20 0-30| 0-45 85- | 0-35 | 25-55| 30-70| 40-85
100
4.75mm - - 0-5 0-5 0-10 0-20f 0-5 0-1( 0-10 0-10
2.36mm - - - - - 0-5 - - - -
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IRRIGATION AND CAD DEPARTMENT
TEST REPORT

In-Situ Permeability Test (Japanese Method)

Name of Work:

Location : Date:
Tested by:
Sl. Date Elapsed Time in In take of water Remarks
No Hours per hour

A HALF TRENCH 4'x2'x1.5’

15T One Hour

ond « Continue till
3¢ “ regime intake
4 « is achieved
5th n

6th w

B. Full Trench 4'X4'X1.5’

15" One Hour

2 Continue till
3¢ “ regime intake
4" “ is achieved
5th “
6th “
Limitation:
Q. Intake of 1). 1/200 GPH. Then K is 1 foot peyear
Water in = or 9.63 X 10 Cms/Sec
Gallon 2). 1/100 G.P.H. to 1/10 G.P.H. K is in #limits of 1’-10’/per year

3). 1/10to 1 GPH Kiis in the limits of 10’-10/year
4) 1 GPH = 100'/year or 9.63 X 10Cms/Sec
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Name of Work:

Mix proportion : M10, M15, M20

IRRIGATION AND CAD DEPARTMENT
TEST REPORT
CUBE STRENGTH OF CONCRETE

Water Cement Ratio:

Sl Description and Mix Date of Date of | Agein Unit U't'm?‘te Compresslve
No location of cubes proportion casting testing day weight load in Average | strength |2n Remarks
) tones/KN Kgs/Cm
1
2
3
4
5
6
7
8
9
10
Limitation:
Mix Details 7 days strength 28 days strength
M10 70 Kgs/Crh 100 Kgs/Cm
M15 105Kgs/Crh 150 Kgs/Crh
M20 140 Kgs/Crh 200 Kgs/Crh
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DETERMINATION OF DRY DENSITY OF SOIL IN-PLACE (CORE -CUTTER
METHOD)

TEST REPORT
Name of Work: Location:

Sample No.:
Date of Testing:

Determination No.

Weight of core-cutter wet soil (Ws) in g

Weight of core-cutter (Wc) in g

Weight of wet soil (Ws-\ in g

Volume of core-cutter (Vc) in cm

o0 WIN|F

Bulk density
(Yb (Ws — Wc) / Vc) in g/crh

Water content container No.

Weight of container with lid (W1) ing

||~

Weight of container with lid and wet soil
(W2)ing

10 | Weight of container with lid and dry soil
(W3)ing

11 | Water content (w) in percent
W= W2-W3X100
W3 - w1




COMPACTION EFFICIENCY DETERMINATION

Date

Sample
No.

Location
of sample

Field
classification

Earth full
zone

Wet
Density.

Embankment
dry density

Data
M.C.
%

Laboratory
% OMC

Data
MDD
gm/cn?

Compaction
%

Remarks
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IRRIGATION AND CAD DEPARTMENT

TEST REPORT

CONCRETE SLUMP TEST

Name of Work:

Tested By
Sl. . . . Water Cement .
No. Date & Time Mix proportion Ratio Slump in (mm)
1
2
3
4
5
6
Limitation:
1. Concreting of lightly reinforced sections
without vibration or heavily reinforced
sections with vibration including plain
concrete.
2. concreting of heavily reinforced sections 75mmM285mm slump
without vibration for 20mm aggregate.
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IRRIGATION AND CAD DEPARTMENT

Name of Work:

TEST REPORT

FINENESS OF CEMENT

Weight of Weight of . _
I\?I' Sample No. Sample in gms| Residue in gms Wzm;]exsiao
° wi w2
1 1 No. 100 gms
2 2 No. 100 gms
3 3 No. 100 gms

Average Value

Limitations: Fineness should be less than 10%
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IRRIGATION AND CAD DEPARTMENT
TEST REPORT

Laboratory determination of permeability
Filling head method IS 2720 (Part-17) 1986

Name of Work:

Sample NO. Date : Tested by
And location
Diameter of specimen (D) Cm Length Specimen (L)....Cm
Area of specimen A.......... Chn Volume of Specimen (V) = AV Cin
Area of stand pipe (a)........... Cm C=2303aL/A
Initial Final Initial Final
I\SI(LI time Ti | time Tf | Head | head h2 l;f:hm Logiohl/ h2 clo ohli/hZ)/(t-h) Remarks
" | Sec Sec. | ‘h’ cm cm e &

1

2

3

4

5

6

7

8

9

10
Limitations:
K in centimeter per second Degree of permegbilit
Over 10 High
10" to 10° Medium
10°%to 10° Low
10° to 107 Very low
Less than 10 Practically impermeable
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CHAPTER- Xl

MONITORING THROUGH CONTROL CHARTS

Monitoring of quality control and assessment of titead of quality control being exercised
by the Project Management is best done throughraoadhbarts. Indian standards 1.S.:397
(Parts | to 1l) cover control charts for generatlapecial application. These charges are
based on compressive strengths of cement and ¢eriests specimens. Control charts for
cement strengths are for different test ages (f.eaBd 28 days) and both for strengths of
individual test and moving average of five testeroperiods of time control charts for
concrete strengths are also constructed in motessrthe same manner as per cement. In
addition to the test data the control charts aisoriporate certain reference line constituting a
frame work within which the degree of control adipachieved is assessed and remedial
measures initiated where called for. The referdimues are termed the “Warning” and
“Action Limits”. The warning and action lines pride feed-back for timely remedial
measures.

The illustration of preparation of control charts aement and concrete are appended in
Annexure IV.

Preparation of quality control reports and conithhrts is considered to be a vital step
towards the process of achieving good construagieality. The Central charts should be
used as a dynamic tool and accordingly these sHmilorepared as a concurrent exercise as
the work proceeds. These should be constantlynschro identify indication of any
significant deviation in quality and initiate thennedial action promptly.

STANDARD DEVIATION (I.S. 10262 — 1982)

The estimated standard deviation of given gradeontrete can be calculated from the result
of individual tests of concrete, using the formula:

S= 2
n-1
Where = The deviation of the individual test strengthnfrthe
Average strength of ‘n’ samples and
n = number of sample test results
If at least 30 test results for a particular grafleoncrete at site with the same materials and

equipment are not available, the standard devia8dior the corresponding degree of control
may be assumed from the following tabulation gil@n10262 — 1982.

Degree of Control

Grade of Concrete Assumed standard deviations S N/mfrDI__'s

Very Good Good Fair
M 10 2.0 2.3 3.3
M 15 2.5 3.5 4.5
M 20 3.6 4.6 5.6
M 25 4.3 5.3 6.3
M 30 5.0 6.0 7.0
M 35 6.3 6.3 7.3
M 40 5.6 6.6 7.6

Degree of Field Control (as per I.S. 10262 — 1982)
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Degree of

Control Condition of production

Very Good Fresh cement from single source and aedekts weigh-batching of all
materials; control of aggregate grading and magsttontent, control of
water added; frequent supervision: regular worlkigbéind strength test
and good field laboratory facilities.

[72)

Good Carefully stored cement and periodic testsighv — batching of all
materials: controlled water: graded aggregate: sional grading and
moisture tests: periodic check of workability artdesgth: intermitten
supervision, and experienced workers.

Fair Proper storage of cement: volume batchindl&ggregates, allowing fg
bulking of sand; weigh-batching of cement; watenteat controlled by
inspection of mix, and occasional supervision asist

=

Acceptance Criteria for concrete: As per I1S: 102682
The concrete shall be deemed to comply with streregiuirement if:

a) The strength of one or more samples though lessttteacharacteristic value, is in each
case not less than the greater of;

1) The characteristic strength minus 1.35 times taedsird deviation; and

2) 0.80 times the characteristic strength: and thea@eestrength of all the samples is not less
than the characteristic strength plus

1.65
1.65 - times the standard

\ / Number of samples deviation.

The concrete shall be deemed not to comply wittsttength requirements if:

a) The strength of any samples is less than the grefte
1) The characteristic strength minus 1.35 times thedgird deviation; and

2) 0.80 times the characteristic strength: or

b) The average strength of all the samples is lessttiecharacteristic strength plus

1.65
1.65 - times the standard

\ / Number of samples deviation.

Concrete which does not meet the strength requirtsraes specified in (1) but has a strength
greater than that required by (2) may, at the digam of the designer, be accepted as being
structurally adequate without further testing.
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If the concrete is deemed not to comply pursuanth structural adequacy, the parts so
affected shall be investigated and any consequetimn as needed shall be taken.

Concrete of each grade shall be assessed separately

Concrete shall be assessed daily for compliance.

Concrete is liable to be rejected if it is porous mney-combed: its placing has been
interrupted without providing a proper constructigoint: the reinforcement has been
displaced beyond the tolerances specified: or oectsin tolerance have not been met.
However, the hardened concrete may be accepted edieying out suitable remedial
measures to the satisfaction of the engineer-ingeha

Coefficient of variation:

The Co-efficient of variation (COV) and Standardvia¢ion are the two statistical tools
which are utilized to indicate the level of qualitgntrol. A high COV indicates poor control
and a low C O V indicates good control. The follogvtable gives the ratings that are
commonly assigned to various COVs for decidingléwel of control of concrete strengths.
These standards represent the average of 28 daysessive strength tests:-

Coefficient of variation (COV) for different contrstandards (%)

Excellent Good Fair Poor
General Construction Below 10 10to 15 15 to 2( VEb20
Lab Control Below 5 5t07 71010 Above 10

Standard Deviation and Co-efficient of VariationQ)€) will be worked out for different
grades of concrete in addition to the 28 days cesgive strengths. This will be done on a
continuing basis and updated regularly and docuedkintthe following format:-

Average 28 effiCcci)e-znt Degree
Sl. Grade of . No. of day Standard 9
Period . L of of field | Remarks
No Concrete samples| compressive| deviation o
strength variation | control
(Cov)

The COV ratings of concrete for different contr@ralards are indicated in the table.
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CO-EFFICIENT OF VARIATION RATINGS FOR CONCRETE
FOR DIFFERENT CONTROL STANDARDS

Graham and Martin's suggested values for the doieaft of variation for various types of
control, and can be adopted for guidance. The ficieait of Variation of 15% can be treated

as good control.

The following table is an extract from the "projpestof concrete” by A.M. Neville.

GRAHAM AND MARTIN'S SUGGESTED VALUES FOR THE CO-EFF ICIENT OF
VARIATIONS FOR VARIOUS TYPES OF CONTROL

Coefficien o -
of variatior Specified Minimum Controls
Strength
per cent
MN/m2 | Ib/in2 Materials Water Batching Supervision
Three sizes of coarse
aggregate plus fine Controlled —
9t0o 10 |28to 354’000 0 aggregate. all with \Water/ Welgh Rigid
5.000 ; ; .Ibatching
strict grading cement ratio
tolerances
Accurate
L 4,000 to : . volumetric .
[ ’
10to12 | 28to 3% 5.000 Ditto Ditto batching Ditto
with cement
Two sizes of coarse
4,000 to |plus fine aggregate| . Weigh- Ditto
2810 35 5,000 [all with strict Ditto batching
grading tolerances
3000to  Ditto. With less stridt.. .
12t013 |21 to 284000 Grading tolerances It_)ltto Ditto Very good
Accurate
3000 to , . volumetric | .
13to 14 |21 to 284000 Ditto Ditto batching Ditto
with cement
3.000to [Coarse aggregate | . Weigh-
l4t016 2110 284.000 with fine aggregate Ditto batching Good
Accurate
volumetric
161018 | 141021299910 | pito Dito  |hatching | Fair
3.000 X
with cemen
weighed
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INSPECTION AND TESTING OF STRUCTURES

Inspection - Immediately alter stripping the formwork. @hcrete shall be carefully inspected
and any defective work or small defects either remowednade good before concrete has
thoroughly hardened.

In case of doubt regarding the grade of concrete usbey eitie to poor workmanship or based
on results of cube strength tests. compressive strengttofasincrete on the basis of and/or load
test may be carried out.

CORE TEST

The point from which cores are to be taken and the numhbeores required shall be at the
discretion of the engineer-in-charge and shall be reptaBve of the whole of concrete
concerned. In no case, however. shall fewer than tuessbe tested.

Core shall be prepared and tested described in IS : 516-1959 :

Concrete in the member represented by a core testoghabnsidered acceptable if the average
equivalent cube strength of the cores is equal at 8apercent of the cube strength of the grade
of concrete specified for the corresponding age and no indivdwalhas a strength less than 75

percent.

In case the core test results do not satisfy the mmeints of or where such tests have not been
done, load test may be resorted to

Ex: In a concrete work, M15 (FCK".15 N/Mi}iis to be used. The assumed standard deviation
for this grade of concrete from table is 3.5 N/KNh the course of testing cubes, the following
results are obtained from a week’s production (averagegstref 3 specimens) tested at 28 days
in N/MM?Z.

22.6,21.7,20.7, 20.6, 19.7, 13.2. 11.8, N/MM
Discuss the acceptance of the result;

Sol:
a) First five results are accepted as being greater than tleeihestic strength
b) Sixth and Seventh samples are less than charactstigtingth, these can be acceptable if

their values are not less than the greater of :
1) Fck-1.35s = 15-1.35x3.5 = 10.275 N/fmm
2) 0.8 x Fck = 0.8 x 15 = 12 N/M
22.6+21.7+20.7+20.6+ 19.7+13.2+11.8
The average Strength = ... =18.61
The average strength should not be less than

Fck + 1.65—_1.65‘ XS

n




15+

1.65 ies‘ X 3.5 = 18.59 N/mrh O.K.
n

The Sixth sample is acceptable the seventh sample iaceeptable according to code but the
decision may be left to the engineer- in-charge.
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ANNEXURE — IV

ILLUSTRATION OF PREPARATION OF CONTROL CHARTS FOR CEM ENT AND
CONCRETE

A. CONTROL CHARTS FOR CONCRETE STRENGTHS

1) Anillustrative set of compressive strength data (hypmthledata) and its further analysis
for incorporation in a typical set of control charts is shawthe enclosed Table A. It is assumed
that 3 companion specimen samples are made fromreanbgeneous batch and constitute a
“test”. Thirty such tests are covered in this Table.

Master Chart

The-axis indicates the chronological order of tests (cobf the Table). Strengths of the
individual companion specimens constituting a given “tgStls. 2 to 4), are plotted one above
the other along the ordinate and their mean values (coépB@senting each "test" are joined to
generate the Chart. Refer Plate IA.

Moving - average strength Chart

Each test is averaged with 4 number of previous tests makingl aftétand this "moving
average", viz average of 5 consecutive tests (col. 6) is plottéel. Rate 2A.

Range Chart

The range between the maximum 5 consecutive tests as sh@aen 7 is also plotted. This chart
monitors the overall batch to batch variation of production. Reéde RIA.

2) The target average strength and control limits can &tenated depending on the
percentage of test values permitted to fall below tleeifipd or "characteristic” strength Fsp in
terms of the standard deviation 5 (or coefficient of vammatCv) corresponding to the degree of
control aimed at. The target average strength (TAV) is workedsout a

Fsp + 0.84 for mass concrete and Fsp + 1.65 for structural concrete conforming 468S :
The standard deviation is what is assumed for mix design. Foromasete. Coefficient of
variation Cv is assumed as 15% and the target average strength+i§ 830 .

Then =Cv=15%
160 +0.84

Solving
So. target av. Strength = 27.5 kg/cm2
=150 + 0.84.8
=160 + 0.84 x 27.5
=182 Kg/cm2
Upper Warming limit (UWL) =183 + 0.84.(TAV +0.84. )
=206 kg / cm2
Lower warming limit (LWL) =160 kg / cm2 (viz Fsp)
Upper action limit (UAL) =183 + 3 x27.5
=265 kg /27.5
Lower action limit (LAL) =183 -3.
=101 kg /cm2
Lower warming limit =183 +0.84 x (27.8)
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The control charts, incorporating these limits are exhibitedaitep 11 A
and 2A.

The lower action limit (LAL) shall, in no case be lowbian the absolute minimum strength
wherever specified. 1S: 456 - 1978 specifies on over ridinglatesminimum of 0.8 times the
characteristic concrete strength.

3) Target average range =dx6=2326x27.5=64
(Refer Para B.5 below)
This is depicted in Control Chart 3A

B. CONTROL CHARTS FOR CEMENT STRENGTHS

An illustrative set of strength data and its analysisifioorporation in a typical set of control
charts is shown in the enclosed Table B. Thirty one "tgg@th consisting of 3 companion
specimens) are covered in the Table. The Master Chastingl Average Strength Chart and the
Range Chart (range between the maximum and minimum ®aange tests) are depicted in
Plate IB. Plate 2B and Plate 3B respectively.

Target Av. Strength =45 kg/cm2
Coefficient of variation (Cv) =8%
So, standard deviation)( =450 x 8% =36 kg / cm2
The upper and lower warming
limits are set as = 4501465 x
Upper warning limit (UWL) =450 + 1.65 x 36
=509 Kg/cm2
Lower warning limit (LWL) =450-1.65x 36
391 Kg/cm2
The upper and lower limits are set as =450+ 3x6
=450-3x 6
Upper action limit (UAL) =450 8 x 36
Lower action limit (LAL) =450.3 x 36
342 Kg/lcm2

The lower action limit (LAL) should in no case to lower ththa minimum specified strength in
IS specifications IS : 269 or IS : 1469 (330 kg / cm2 at 28 days).

The control charts incorporating these limits are exhibitedatep 1 B and 2B.

5) Target average range =dx

d = coefficient depending upon the no. of tests consideredbi@ining the range: and for 5
consecutive tests d = 2.236

So, target average range = 2,326 x 36 = 84 kg/lcm2

The control chart of cement test result ranges (betweedmum and minimum of 5 consecutive
tests), depicting the mean sample range (84 kg/cm?2) as svatipwn in Plate 3B.
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TABLE — A

ILLUSTRATIVE DATA AND ITS ANALYSIS FOR SETTING UP CON TROL CHARTS
OF CONCRETE STRENGTHS (MASS CONCRETE)

Location Strength of individual Test value Range bet
on x-axis companion specimens | .. Moving avg. 9 '
of chart T (Mean | o (pye | MaX.and
Sr.No. / a b C ofa b&cl o, nsecutive min. 5 (X-x)?
Lo X) consecutive
Date of Comp. strength at 28 days (Kg/cm?) tests) tests
sample (Kg/lcm2)
@) (2) 3) 4 (5) (6) () 8
1 191 193 195 193 - - 1.96
2 181 185 186 184 -- -- 57.76
3 183 188 187 186 -- -- 31.36
4 198 195 192 195 -- -- 11.56
5 166 173 171 170 185.6 25 466.56
6 177 176 172 175 182.0 25 275.56
7 150 146 1'18 148 174.8 47 1900.96
8 187 191 192 190 175.6 47 2.56
9 214 211 211 212 179.0 64 416.16
10 212 217 216 215 188.0 67 547.56
11 232 231 227 230 199.0 82 1474.56
12 218 218 224 220 213.4 40 806.56
13 192 t94 190 192 213.8 38 1.60
14 181 182 177 180 207.4 50 134.56
15 190 192 194 192 202.8 50 1.60
16 198 199 194 17 196.2 40 29.16
17 197 197 200 198 191.8 18 4096
18 180 183 183 182 189.8 18 92.16
19 190 191 195 192 192.2 16 1.60
20 197 198 190 195 192.8 16 1156
21 187 189 194 190 1914 16 2.56
22 197 188 191 192 190.2 13 1.60
23 240 244 236 240 201.8 50 2342.56
24 208 208 214 210 205.4 50 338.56
25 155 150 151 152 196.8 88 1568.16
26 152 147 145 148 188.4 92 1900.96
27 168 166 161 165 183.0 92 707.56
28 193 198 200 197 174.4 62 29.16
29 222 214 215 217 175.8 69 237.16
30 187 188 195 190 183.4 69 2.56
STATISTICAL ANALYSIS
N ( No. of sample) 30

X (Av. Strength

Sd ()

COV (Cv)

Percentage of samples
Passing (viz. comp. strength more than Fsp of 160 x Kg/cm

191.6 (Avg.of column 5 viz 5747 / 30)
21.52 kg/ctTotal of column 8 = 13437.16
11.23%

90%

(X-X)

SoH 13437.16 / N-1
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Note: The data listed are hypothetical and in arbitrary units emdhaant only to illustrate their
analysis for incorporation in control charts.

Conc. Grade.A150 S160

Cement level 170 Kg/m

Specified strength 160 Kg/éiFsp)
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TABLE —B

ILLUSTRATIVE DATA AND ITS ANALYSIS FOR SETTING UP CON TROL CHARTS
OF CEMENT STRENGTHS

Minimum 28 days strength as per IS 269 = 330 Kg/cn

Location on x- Moving avg. Range bet.
axis of chart Comp. strength @ 28 days three| Average of of 5 Max. & min. of
Sr.No./Date of individual specimens 4,5and 6| consecutive | 5 consecutive
sample test results test results

1) (2) 3) 4) (5) (6) ()
1 500 490 495 495 -- --
2 450 430 425 435 -- -
3 500 480 490 490 -- --
4 550 555 545 550 -- --
5 415 430 415 420 478 130
6 430 430 430 430 465 130
7 400 390 395 395 457 155
8 405 425 4'15 425 444 155
9 440 445 450 445 423 50
10 465 435 435 445 428 50
11 445 435 440 440 430 50
12 450 410 430 430 437 20
13 505 495 500 500 452 70
14 500 495 490 490 462 70
15 465 450 450 455 464 70
16 445 465 455 455 467 70
17 465 490 485 480 477 45
18 430 445 445 440 465 55
19 445 455 465 455 457 40
20 410 430 420 420 450 60
21 490 510 485 495 458 75
22 450 450 465 455 453 75
23 450 435 450 445 454 75
24 470 460 465 465 456 75
25 475 470 465 470 466 50
26 450 465 465 460 459 25
27 460 450 440 450 458 25
28 450 450 450 450 459 20
29 470 470 470 470 460 20
30 490 490 490 490 464 40
31 470 475 480 475 467 40

STATISTICAL ANALYSIS

N = 31 Target average range: 84 kgicm

X = 459

Sd () = 30.49

Cov (Cv) = 6.65%
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PROFORMA
Rest Results of Cement Samples

Name of Factory

Tested at Laboratory
Sl. Particulars Values for the months of Remarks
No. Jan Feb Mar Apr May
1 No. of test results (n)
2 | Av. Compressive strength at
3 | 3 days (Kg/cm2)
4 | Standard deviation (Sd)
Co-efficient of variation (Cv)%
5 | Av. Compressive strength at
6 | 7 days (Kg/icm2)
7 | Standard deviation (Sd)
Co-efficient of variation (Cv)%
8 | Av. Compressive strength at
9 | 28 days (Kg/cm2)
10 | Standard deviation (Sd)

Co-efficient of variation (Cv)%
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CHAPTER = XIl

O.K. CARDS
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CHAPTER -XIlI

O.K. CARDS
GENERAL:
Since O.K. Cards contain important entries/infoioraton execution of works at all stages
and are liable to be referred/perused at a latagestlso particularly during the Internal
Quality Audit of works, the O.K. Cards shall be ntained in duplicate in two colours. The
green coloured card shall form a part of the readr®.C'/Q.A. Wing and the red coloured
card remains in the custody of construction Winige D.K. Cards. relating to any particular
work. shall be put in a round shaped tin box aratgd right at the construction site. The
exterior of the tin box shall be painted red. Attee particular work has been completed (say.
concrete placement has been completed in a patitittt likewise say. fill placement has
been completed in a particular layer.. etc.), the ©.K. Cards shall be removed from the tin
box and filed in the permanent record files of tenstruction and Q.C./Q.A. divisions
respectively. Senior officers shall also check@&. Cards during their field inspections to
ensure that those are being maintained and prdgenlyinely filled.

An O.K. Card is a condensed form of specificatiand essential requirements for achieving
specified workmanship and quality level of outpbach work is sub-divided into various

construction activities in proper sequence/ordecafstruction. Such activities are listed in
chronological order on the O.K. Cards.

For various stages of construction activities wHab®ratory tests or checks with reference to
drawing and specification are required from quatdiontrol unit. O.K. Card System shall be

followed. The O.K. Cards should be made availabl¢he site in a regular manner.

The O.K. Card consists of 3 columns. Besides thation and type of work, the first column
is to be filled by the construction agency (corivgcby preparing each feature and making it
ready for inspection by the project Constructiorgieer, who Okays through his signature
and then puts up to the Q.C./Q.A. Engineer foffina O.K.

The Assistant Executive Engineer (Construction) piiepare two copies of O.K. Cards by
filling in the first set of columns meant for therstruction staff and hand over to the
Assistant Executive Engineer (Quality Control) imaoge of the Quality Control Unit. The
quality control staff at actual work site shall ckéhe requirement or shall perform necessary
tests under the guidance of Assistant Exe. Engii@eality Control. The Assistant Executive
Engineer. Quality Control will scrutinize the O.€ard and finally Okay the work if anything
other wise is not observed. Should anything otheaviie found, the O.K. Card shall not be
signed by him and ask the Assistant Exe. Enginéengtruction) for necessary rectification.

Subsequently. O.K. Card should refer to the defestsoved. if pointed out previously in
O.K. Cards and counter reference to the previoweckcbhould be signed if Okayed.

It must be borne in mind that work cannot be hgddunduly for disposal of O.K card. The
Executive Engineer/Deputy Executive Engineer (Quafltontrol) will be the okaying
authority for concentrated work like dam, spillwayd barrage and important structures and
the Assistant Engineer/Assistant Executive Engir@saality Control will be the okaying
authority for scattered works like canals and smsallicture. Random checks by superior
officers should be recorded on O.K. Cards at site.

After processing through various levels and engedhservations one copy of the O.K. Card
(Red Colour Card) shall be retained with the AssisExecutive Engineer (Construction) for
record and reference and the other copy shall heafded to the Dy.Executive Engineer
Quality Control for record.

Specimen of O.K. Cards for various works such avartkment, concrete masonry shot
creting, guniting, preparation of sub grade fomiin and etc.. are appended.
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O.K CARD FOR EARTH WORK EMBANKMENT

Location of structure
Name of the work
Name of Agency : Amount of Contract:

Agreement No :

Sl.No. Description of Item Contractor Remarks of Remarks of Quality control
Construction staff Staff

Date

Location of Work from Km to Km

Elevation (R.L)

Surface preparation, whether as per specification

Type of roller used

Location of test at Km.

Thickness of loosed layer

Initial moisture content

OIO|IN|O|O|RWIN|F

Removal of over size

10 Top level after compaction of layer

11 Wet density

12 Moisture content in rolled fill

13 Dry density

14 Laboratory OMC and MDD

15 Compaction efficiency

16 Instruments put in

17 Methodology of addition of moisture (Whethermitigh spray
from sprinkler tanker)

18 Manual compaction, if any

19 Layer passed

20 Any other remarks

Site In charge Signature of the Contractor Signature of Construction Staff Signature of (BEaff
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O.K. CARD FOR STRUCTURAL CONCRETE WORKS

Name of the work
Name of Agency
Agreement No :

_ Remarks of Remarks of Quality
SI.No. Description of Item Contractor Construction staff control Staff

1 Date
2 Grade of mix
3 Location of work

a) Foundation from EL to EL

b) Sub structure from EL to EL

c) Super structure from EL to EL
4 Methodology of preparation of surface

a) Green cutting

b) Sand blasting

¢) High pressure water blasting
5 Materials

a) Coarse aggregate under size/over size gragdysan

b) Fineness modulus of sand

¢) Cement make and date
6 Tools and plants

a) Form work details of shuttering should be cleelokith dimensions

b) Mixer

¢) Vibrators
7 Batching
8 Temperature of concrete as specified in Techsjoatification (1% to 32c)
9 Temperature of concrete as placed
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10 Slump
a) Design slump (25mm to 75 mm)
b) At the batching & mixing plant
) At the site of placement
11 Method of placing
12 Method of compaction
13 Water cement ratio
14 Treatment of cold joints
15 Concrete finish (wood float/steel trowel)
16 Quantity of concrete laid
17 No. of CC cubes cast
18 Checking of reinforcement
19 Curing arrangements
20 Any other remarks
21 Final O.K.
Site In charge Asst. Engineer Asst. Engineer
MIS. ..o, Asst. Executive Engineer Asst. EExutive Engineer

Deputy Executive Engineer

Executive Engineer

Deputy Executive Eyineer

Executive Engineer
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O.K. CARD FOR CAST-IN-SITU CONCRETE LINING

FEATURE
Agreement No. L.S. tlorca
Package No. Bed/Slope from to
Concrete Mix Specifications Grade
Sl Description of Item Dated Signature of
No. Contractor Construction Quality control
1 Date
2 Location from Km to Km Bed/Side Slope L/R
3 Preparation of Mix
4 Materials
a) Coarse Aggregate under/over size
40 mm, 20mm, 10mm
b) Fine aggregate F.M. of sand
c) Cement make date of Mfr.
d) Water
e) Admixture make/Date of Mfr and % used.
5 Method of concrete mix
a) Mixer Vol/Weight
b) Batching plant by Vol/Weight
6 Transport
a) By transit mixer
7 Temperature of concrete as specified in technical
specification.
8. Temperature of concrete as placed,
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Slump

a) Design

b) At the batching plant

c) At the site of placement

10 Water Cement ratio

11 Method of consolidation slip form/ mechanical
vibrator/screened vibrator

12 Whether contraction / construction joints amevjted
as per approved drawings.

13 Treatment of cold joint/joints

14 Curing : Water curing/curing compound

15 Quantity of concrete laid

16 No. of C.C. Cubes caste

17 Any other remarks

18 Final O.K. to place concrete

AE/AEE

Dy.EE

E.E.

AE/AEE

Dy.EE
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Contract No. Chainage :

O.K. CARD FOR ROUGH STONE DRY PACKING FOR

APRONS / REVETMENT

Name of Contractor

Sl

Description

Dated Signature of

Contractor

Construction

Quality control

Date

Location of work

Specification of work

Preparation of Bed / Slopes

Gravel backing / Sub grade (filter) preparation

Compacting of sub grade

N[OOI WIN|FP

Rough stone dry rubble revetment

whether available as per specifications:

a) Thickness / Volume of revetment

Norms:

255mm - 0.015 cum

300mm — 0.15 cum

450mm — 0.030cum

600mm — 0.45cum

Placing of rough stone dry packing revetment

Any other remarks :

Sign of Contractor
with date

Sign of GOAP (CS)

thvdate

SirGOAP (QCS)
with date
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O.K. CARD SHOTCRETE

Contract No. Description & Chainag8tadictures:

Name of Contractor

NSCI)'. Description Dated Signature of
Contractor Construction Quality control
1 Date
2 Location of work
a) Component of work
3 | Specification of work
4 | Materials whether available as per specifications
a) Cement make / Date of manufacturer
b) Fine aggregate — F.M. of sand
c) Coarse aggregate (5mm — 10mm size)
d) Water
5 Method of concrete mix
a) Mix / Weight
6 | Water cement ratio (0.40 to 0.50)
7 | Quality of mix
8 | Shot creting equipment
9 | Cleaning of deteriorated concrete and exposed
reinforcement bars free of rust & scales.
10 | If additional reinforcement provided
11 | Application of shot Crete
a) Thickness of first layer of shot crete
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b) provision of welded wire mesh butting
shot Crete
12 | Whether binding wire used for binding of wir@sh
panels
13 | Number of days of curing
Signature of
Contractor GOAP-CS (GOAP-QCS)
AE AEE AE AEE
D.E.E. D.E.E.
E.E. E.E.
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Contract No.

O.K. CARD FOR SUB GRADE PREPARATION FOR C.C. LINING

Description & Chainage:

Name of Contractor

Dated Signature of
I\?cl).. Description Contractor Construction Quiality control
1 Date
2 Location
3 Whether sub-grade is prepared as per specificatioase of
a) ROCK — (Over excavation)
b) Swelling soils (Treatment with CNS soils)
c) Over excavation in soils
4 Whether the profile of canal section is prepdoechodel section
5 Whether porous plugs cast as per specification
6 Whether the work of laying the filter media isread out as per
approved drawing in case of
a) Porous Plugs
b) Longitudinal and transverse drawing
7 Whether sub-grade is wetted to 150mm depth as per
specification
8 Compaction of sub-grade
9 Methodology of compaction
10 Methodology of moistening, wetting of sub-grade.
11 Any other remarks
Sign of Contractor Sign of Constn. Sign of Q.C.
with date with date with date
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O.K. CARD FOR GUNITING

Contract No. Description & Chainag8tadicture:
Name of Contractor

Sl. Dated Signature of
No. | Description Contractor | Construction Quality control
1 | Date
2 | Location of work
Component of work
3 | Specification of work
4 | Materials whether available as per specification
a) Cement make / Date of manufacturer
b) Fine aggregate — F.M. of sand — Moisture cdnten
c) Coarse aggregate
d) Water proofing compound
e) Water
f) Admixture
g) Steel wire fabric of mesh size 150mm X 150mmmied of 3.15mm dia steel
wires
5 Dry mix proportion
6 | Water cement ratio — 0.45 to 0.50
7 | Guniting machine
8 | Cleaning of deteriorated concrete and exposedoreement labs free of rust and
scales.
9 If additional (secondary) reinforcement provided
10 | Application of guniting
Thickness of 30 mm to 50 mm in each passage
11 | Number of days of guniting
12 | Minimum strength requirement
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