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Foreword 
 

The Government of Andhra Pradesh has initiated the process of providing substantive and enabling 

role to farmers benefiting from irrigation projects for management, operation and maintenance of the 

irrigation infrastructure by enacting the APFMIS Act, 1997. Following this, I&CAD Department has 

carried out minimum rehabilitation of the M.I tanks through Water User Associations. A performance 

evaluation of the WUAs highlighted the need for investment in institution building to enable WUAs 

to take up irrigation system management responsibilities. This has now been initiated in the I&CAD 

Department as part of the ongoing sector reforms process under the flagship of “Jalayagnam” 

programme of Government of Andhra Pradesh in tune with the Mid-Term Appraisal of the X Plan and 

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

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

water bodies directly linked to Agriculture” with assistance from Government of India in the districts 

of Ananthapur and Mahaboobnagar. To facilitate this, the engineering staff of the I&CAD Department 

has developed a step-by-step process guideline with support from WUAs and local NGOs. Towards 

scaling up of the above programme to benefit 2.5 lakh ha, it is planned to restore 3000 tanks at an 

estimated cost of Rs. 1000 crores with financial assistance from the World Bank and the Government 

of India under the AP Community Based Tank Management Project. The entire restoration work 

would be undertaken in three batches over a period of five years.   

The Project Implementation Plan has been prepared to act as a guiding document, describing the 

activities of the project on spatial and temporal scale. In addition, a set of six Operational Manuals on 

various components have also been prepared to steer the project 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 states in India blessed with river systems of the Godavari, 
the Krishna, the Pennar and several other small rivers.  The economy is basically agricultural and 
irrigation has been the main stay since a very longtime.  Minor Irrigation Schemes consist of surface 
water flow schemes and ground water schemes.  Surface flow water impoundments are tanks.  
Practically every village has a tank and tanks from ages are still functioning. 
 
Minor Irrigation plays an important role in providing assured water supply and prevent to a greater 
extent the adverse affects on agriculture on account of vagaries of monsoon.  They also play an 
important role in development of agricultural production and ensuring food security particularly in 
drought prone upland areas and outside the command areas of Major & Medium Projects. 
 
Though the state has a cultivable area of 16.62 million Ha. 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 Minor Irrigation sector is 1.72 million Ha. (including 
Panchayat Raj). Irrigation Department is incharge of investigation and execution of Minor Irrigation 
sources in the state is having an ayacut of 1.50 M.Ha. under 11277 sources besides maintenance of 
these sources having an ayacut between (40 Ha. – 2000 Ha.).  Tanks below 40 Ha. acres hither to 
under P.R.Department have been shifted to Minor Irrigation & all these small tanks are to be restored 
to M.I. Standards. 
 
More than 50 percent of the tanks were formed centuries ago. Barring a few tanks formed by 
kakateeyas, Vijayanagara Kings, Gajapathis of Vizianagaram,Nizams and Rajahs of Wanaparthy 
which were earlier considered to be of super standards most of the tanks were constructed based on 
previous practices and thumb rules with out proper evolution of soil characteristics and other 
parameters like intensity of flood, fetch of wave during cyclone etc…Even after  independence the 
same practices were continued upto 1970s .If we compare the designs now formulated by the Central 
Design Organization after evaluating the soil characteristics and foundations ,there will be no 
hesitation to say  that all those tanks are substandard .Attempts were made from 1972 to 1986 to 
improve and rationalize the design standards for new tank formations. But the development in soil 
mechanics and the computer aided design made it possible by 1980s to design the Minor irrigation 
tanks accurately and scientifically. But the designs so formulated have turned out to be such high 
standards that they can very well be compared with the standards adopted by kakateeyas, 
Vijayanagara kings,Gajapathis of Viziyanagaram, and Nizams etc, which we were hitherto thinking as 
of super financially viable and we may not be able to ground even a single scheme. As a compromise 
between the conflicting claims of economic viability and scientific design, eminent Engineer Sri 
T.Hanumantha Rao, then the chief Engineer, Minor Irrigation rationalized the standards considering 
the modern concept of economic viability and technical feasibility and issue “Guidelines for the 
preparation of Project Reports of New Minor Irrigation Projects” during 1986.  But it should be 
remembered that even these standards are far shorter than the designs that are given by the Central 
Designs Organisation.  All the minor irrigation tanks are now designed and grounded based on these 
guidelines.  However, the tanks formed with these standards are fairly working well though in certain 
cases when faced with peculiar site conditions, elaborate designs are obtained from the Central 
Designs organization and adopted during execution.  The point to be made out is that about 80 percent 
of the existing tanks are sub-standard and are easily vulnerable to damages for cyclones and floods.  It 
is for this reason that we are faced with a situation where hundreds of tanks are getting breached year 



 - 2 - 

after year due to floods, not to speak of innumerable other damages.  But it is not uncommon that 
breaches occur in tanks even for normal rain fall (more than average) particularly in the regions of 
Rayalaseema and Telengana. 
 
Decline of Tanks in AP: Tank, as an important source of Irrigation, has lost its significance during 
the last three or four decades.  Most of the tanks in the state perform below their capacity level and the 
gap between the irrigation potential created and actual irrigated area under tanks has been reported at 
about 40 to 60 percent depending upon the rainfall during the year.  In the process, area under tank 
irrigation has declined, which has adversely affected people who were traditionally depending for 
their livelihoods on tanks. 
 
The proportion of area irrigated under tanks showed a significant decline from 39% in 1995 to 14% in 
2005 in the state.  Though the irrigation potential created through the tanks is estimated at 14 lakh 
hectares, the actual area irrigated is only about 4-6 lakh hectares.  The variation in rainfall in the last 
decade is also one of the principle causes for the large decline.     
 
The fall in efficiency of the tank system could be one 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 widespread turn and affecting the agricultural economy of the 
state.  Much of the tank-fed areas are situated in the districts where there are no possibilities of 
providing other systems of irrigation.  This loss is not only to irrigation but also to other village 
common use like domestic and drinking in many places.  As per the estimates of the Indian Planning 
Commission, in the last 25 years, about 1.7 million hectares of net area under tank irrigation has been 
lost amounting to a capital loss of about Rs.51,000 millions.   
 
Bharat Nirman Project:  The Working Group for X Plan has assessed that proportionate share of 
minor irrigation sector at 60% of the increase in food production would require an additional 
irrigation potential of 8 Mha.  Out of which 5 Mha is to be from ground water and 3 Mha from surface 
water sources.  Irrigation from surface water resources of 3 Mha is to consist of 2.4 Mha from new 
minor irrigation schems and 0.6 Mha from renovation of existing tanks.  The project assumes greater 
importance in the context of the Bharat Nirman Project under which a target of 1 Mha is envisaged.  
The Bharat Nirman Programme also invokes the Report of the National Commission for Integrated 
Water Resources Development which points out that the carrying capacity of tanks has decreased over 
a time for a various reasons and that the restoration and renovation of tanks is a priority task. 
 
The present project of A.P. Community based Tank Management is a sequel to the Bharat Nirman 
Project capturing the national framework for state projects to be proposed for World Bank assistance. 

 
1.2 MINOR IRRIGATION 
 
 1.2.1  Definition & advantages: 
 

As per classification of Irrigation Project, all the tanks having culturable command area upto 2000 
Ha comes under MI Sector.  Minor Irrigation projects can 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 providing assured water supply and prevent to a greater 
extent the adverse effects on agriculture on account of vagaries of monsoon.  They also play an 
important role in development of agricultural production and ensuring food security particularly in 
drought prone area and outside the command area of major irrigation projects. 

 
The minor irrigation projects have definite advantage over major, medium projects enumerated as 
follows: 

a) It has smaller capital investment and shorter gestation period 
b) Unlike major, medium irrigation projects, which serve only a concentrated geographical area, 

the M.I. schemes can be dispersed throughout the length and breadth of the state and have a 
tremendous impact on development of rural economy at micro level. 

c) No special assistance required by way of foreign personnel or equipment. 
d) Local resources can be easily and effectively be mobilized 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 case of major and medium irrigation projects. 
h) Low cost of maintenance when compared with major and medium projects. 
i) Least disturbance to environment and ecology 
j) Beneficiaries participation available 
k) Life of tank is invariably multifold than designed life 
l) Recharge of water table in the wells of village for conjunctive use 
m) Negligible R & R issues involved 

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

 
As such, the tanks which are the life line of the villages are to be sustained taking up standardization 
along with revival and restoration works.  This approach would preserve the tanks one hand and on 
the other to stabilize / bride the gap ayacut wherever prevailing. 
 
The measures of taking up revival / restoration works for bridging the gap/ stabilization of ayacut 
are specially pertinent in the areas where no suitable sites exist or yield is exhausted for forming 
new tanks.  The non-irrigated / gap ayacut under the tanks in these areas, which is being brought 
back for irrigation, will be as productive as new I.P. created 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-eminence of minor irrigation sources is undisputable. The 
rainfall being restricted to 3 to 4 months in a year, the importance of irrigation tanks for providing 
dependable and assured water supply to irrigation was recognized from the earliest days of 
civilization. A minor irrigation tank is the life line of the village. The size and prosperity of village 
is directly linked up to the size of a tank. The village life is closely interwoven with the tanks. The 
receipt of fresh inflows into the tank is a cause for celebration in the village. During some important 
festivals the villagers congregate on the tank bund to perform religious rites. Usually, some fruit 
bearing and tamarind trees etc., are grown on the tank bund and rear margin and all villagers are 
entitled to usufruct of these trees. The tank provides water to the village cattle during the dry 
months. The tank is also be centre for birds and other fauna. The babul trees grown in the foreshore 
lands supply food to the sheep and goats during the summer months. When the tanks dry up the silt 
accumulated in the tank bed is utilized by the villagers as manure in their fields. Thus, the tanks 
help maintain ecological balance and improves environment. This last but not the least importance 
of minor irrigation tanks is the replenishment of ground water, which is another importance source 
of drinking water as well as irrigation. 
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CHAPTER – 2 
 

HEAD WORKS OF MINOR IRRIGATION TANKS 
2.1 Tank and its Components 

 

a) Usually, it is an earthen embankment comprising of selected earth constructed across a stream 
or a nala. The purpose is to arrest the monsoon flows in front of the bund to store water for 
regulated releases whenever needed, mainly for irrigated agriculture and for other multiple uses. 
The multiple uses may be for fisheries, washing and bathing, village water supply and for cattle 
drinking. 

b) For the bunds stability, recently constructed bunds are provided with core walls, cut off trenches 
to prevent leakage and also toe drains and filters to safely carry the seepage if any away from 
the bunds without disturbing the soil particles of the bunds. 

c) The upstream slope of the bund is normally protected against wave action / by stone revetment 
of about 0.30 meter thickness, with filter material underlain protecting the inner earthen 
material. 

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

e) Grade stones at the front edge on the top of the bund are fixed to maintain the longitudinal top 
profile and to know location points along the length of the tank bund 

f) Rear slope of the earthen bund is protected by suitable grass cover (turfing) to prevent rain 
erosion 

g) If the bund is serving as a road to connect villages across 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 head of the barrel passing though the bund at a 
suitable location and level to command the fields in the ayacut and connecting the main 
channel downstream of the bund to draw water when needed to irrigate crops 

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

c) The sluice barrel in olden days was constructed in brick or stone masonry covered with 
stone slabs. Later constructions have Hume pipes as an improvement against leakages and 
for better and easy maintenance. 

2.1.2 Surplus Weir : 

a) This component of the tank system located usually at the ends or rarely in the middle of 
the bund as an overflow section to pass off the excess floodwater safely to the stream 
down below without damaging the bund, The surplus weir could also be located 
elsewhere in the saddle in between two hillocks at the ridgeline in favorable topography. 
This is rare.   

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

c) To facilitate smooth flow of approaching floodwaters towards the weir, the upstream area 
of the weir is cleared for the required width and to the 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 the cistern behind the bund downstream of the 
sluice.  It has a designed capacity for the maximum demand to be supplied in the crop 
season.  It may have branch canals, distributaries and minors feeding the watercourses to 
irrigate the fields, sequentially depending upon the size of the tank and the ayacut. 

b) The conveyance channels have minor masonry structures such as outlets structures with 
or without controlling gates, cattle crossings, cart track crossings, cross drainage works 
crossing valleys, canal drops etc. to safely carry the channel flow to the tail end fields of 
the ayacut. 

c) Ayacut roads are also provided to convey the agriculture 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 of fore shore (submergence) water area at full 
tank level. The quantity of the water stored at FTL (waste weir crest level) is the total 
gross capacity of the tank in terms of volumetric measure. Out of this the storage below 
the sluice sill level (tank sluice level) is the dead storage. 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 which water can be allowed to raise 
without endangering the bund during floods when the waste weir is discharging " 

 

2.2 Operation & Maintenance: 

2.2.1 General: 

 Operation & Maintenance (O&M) is an important activity of any managerial organization 
made responsible to make the tank function effectively on a sustainable basis to realize 
the planned benefits.  This activity can be broadly classified into two main types viz., (a) 
routine maintenance and repairs repeated every year & (b) special repairs including 
improvement which may be required to be done when ever situation warrants. 

 

2.2.2 Routine Maintenance & Repairs: 

2.2.2.1 Tank Bund: 

 This routine activity is carried out on the tank bund and its appurtenant works twice in the 
year, once before the monsoon period and again at the end of the monsoon. It comprises 
detailed inspection and rectification of defects and deficiencies. 

a) Bund condition should be checked for its profiles throughout its length for any 
damage due to rains, movement of cattle, burrowing by rodents, crabs etc. 

b) The top width level and its surface & the edgings to be checked for any distortions 
and rectified. 

c) Longitudinal and transverse crack in the bund if any, should be checked and filled 
back with appropriate materials and compacted after treating the cracks with care 
particularly at masonry junctions like sluice and surplus weir under expert 
guidance. 

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

f) The operation of the regulating arrangements like screw gear or lifting devices 
should be thoroughly checked against the operational difficulties and all moving 
parts should be oiled /greased after thoroughly cleaning the surfaces. All exposed 
surfaces should be cleaned and painted to prevent rusting. 

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

h) The toe drains, constructed as part of the bund should be inspected to check that  
they are in good condition and not clogged with earth particles 

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

j) Vegetation and tree growth including - the roots in any part of the bund should be 
removed completely, positively before the monsoons and after. 

k) Grazing of cattle, sheep on bund and slopes should not be allowed. Grass grown 
should be utilized after carefully cutting it and taken away. 

 

2.2.2.2 Water Spread Area:  

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

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

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

d) Approach channel to the sluice point and level is to be 'cleared for easy flow of 
water. 

e) Draft approach channel to the surplus weir also to be checked 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 including downstream protection works 
should be inspected to verify that the junction with the earthen bund and the flank is 
intact without any damages or dislocation or damage to sides, foundation & crest of 
the weir including the body wall all along its length. Any damage or distortions, 
cracks should be removed. The Crest of the weir or weirs should be checked to 
verify that uniform level is .maintained all along the length as per the original 
construction.  

b) The approach channel in the upstream of the weir and the draft channel in the 
downstream should be inspected to verify that they are free from obstructions 
including vegetative growth, encroachment and that no erosion or retrogression of 
ground has occurred to ensure the safe passage of flood waters. 

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

2.2.2.4. Conveyance System: 

a) The main canal taking off from the sluice barrel/pipe in the downstream should be 
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inspected from head to tail end every time before and after each irrigation supply in 
the cropping season. 

b) It is essential to provide measuring devices such as V – notches, cut-throat flumes, 
Standing Wave flumes etc., depending on the quantity of discharge carried by the 
respective canals. These will enable to measure the quantum of water withdrawn 
from the tank and also to regulate the flow to the desired requirement to prevent 
wastage and to conserve the precious water in the tank. 

c) The section of the channel at various points both in cutting and embankment 
reaches should be checked for designed bed width, depth of flow and the free board 
provided to prevent overtopping. If any damage or distortions have occurred it 
should be rectified' soon by carrying out the necessary earthwork before water is 
allowed to flow.  

 

d) To maintain the correct longitudinal slope it is advisable to fix bed grade stones at 
intervals of 100 meters. 

e) To maintain the correct profiles it is preferable to construct templates. 
Masonry/concrete at intervals of 100 meters or closer intervals as may be required.  

f) Distance stones along the main canal at every 0.2 KM (2 HM) interval must be 
fixed on the inspection path side to determine the locations along the canal. 

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

h) If the channel has steeper gradients, to avoid 'scouring and damage, masonry / 
concrete standard drops should be constructed with gauge markings to measure the 
rate of flow. These will be useful to know discharges at any point and also if a 
constant discharge maintained at the head of the sluice, channel losses in different 
stretches can be assessed to facilitate regulation of flow as per requirement. 

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

j) The WUAs should operate & maintain the conveyance system including the water 
courses.  

k) Depending upon the needs of the cultivators and the required cropping pattern in 
the ayacut specified by the WUAs in consultation with the irrigation engineers, 
WUAs may adopt any of (i) “On off” of the outlets, minors as the case may be or 
(ii) "Block system' with' continuous with' constant discharge" or (iii) "variable 
discharge with regulation" within the capacity of the conveyance system  

2.3 Special Repairs & Maintenance: 

a) Apart from routine operation & maintenance activities that are carried every year, certain works 
involving heavy expenditure, which cannot be met from the normal revenues that accrue, need 
to be undertaken in exceptional circumstances. Such expenditure warranting high capital outlay 
are termed as capital expenditure. 

b) The special circumstances are when (1) there is breach in the bund due to excessive floods 
which the surplus weir can not accommodate or (2) due to piping caused by rodents and crabs, 
causing heavy damage to masonry structures such as sluice and the canal system.  

c) Deferred maintenance over a number of years and also due to continuous neglect may also 
warrant special repairs. Excessive silting such as what has happened to many tanks is an 
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example' of this nature. Desilting which needs to be done to almost all the tanks come under this 
category. 

d) Improvements and restoration works to original condition, which is being undertaken by A.P. 
Community Based Tank Management Project through community participation being funded by 
World Bank.  

2.3.1. Tank Bund Complex: 

a) Bund Portion: 

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

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

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

iv. The top width shall be as per standards and down stream slope shall be as per standards. 

v. The weed growth on the bund should be removed. 

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

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

viii.  Proper care should be taken to compact the embankment in slope portion and over the top 
duly scraping the old embankment or by making grip trenches.  

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

x. Leakage and sweating of downstream side slope of bund noticed if any, the details of their 
locations should be collected.  

xi. Adequacy of free board existing should be collected and checked. 

b) Surplus Weir: 

i. Surplus weir may be of any type either slopping apron, clear over fall or of ogee type 

ii.  The surplus weir may be of  masonry or concrete 

iii.  Check whether there are any leakages in the body 'wall or there are any damages, check 
whether downstream apron, coping slab are in position, check for clearance of draft channel. 

iv. Joints in the masonry wall should be thoroughly cleaned and pointed using CM 1:3 mortar 

v. If there are more leakages, provide a concrete skill wall on the upstream side to a thickness of 
20 to 30cms with nominal reinforcement (detailed specification and methodology is explained 
in guide lines methodology for masonry surplus weirs). 

vi. If coping slab is damaged the same should be replaced. 

vii.  If Apron stones are washed away provision to be made for replacement of Apron in its 
position. 

viii.  If the length of the weir as revised with maximum flood discharge is more than the existing 
surplus weir length, then provision should be made to increase the length of the existing 
surplus weir. 

ix. Details of the approach channel leading to surplus weir to be examined and details of missing 
pitching and damages to side protections if any should be collected.  



 - 9 - 

x. Details of the existing condition of wing walls upstream and downstream of the surplus weir 
should be collected if improvements & repairs are required such details and dimensions have 
to be noted. 

xi. Details of existing conditions of energy dissipater on downstream of surplus works along with 
draft channel clearance required if any, shall be collected. 

c)  Sluice : 

i. Two types of sluices.  Barrel type and piped type. 

ii.  Sluices are sometimes provided with Plug & Rod or Gates (Shutters). 

iii.  Number of sluices, their types, their location in the bund, their sill levels, their effective 
working, whether the barrel is dislodged etc., should be noted. 

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

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

vi. Check for damages to sluice structure 

vii.  Check for existence of foot bridge for operation 

viii.  If it is a gated sluice check for leakage in gates, if so ascertain the damage and take suitable 
action 

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

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

xi. Check the condition of shutters and the screw gear arrangement. 

d)  Command Area: 

i. Standing on the center of the tank bund facing the command area, the left side of us is the Left 
Bank and to the Right side of us is the Right Bank. 

ii.  The alignment of the canal with respect to the designed command area is to be identified 

iii.  If the canal section very small, the siltation in the canal is to be removed manually & not with 
JCB, 

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

v. Wherever cross regulators have to be constructed, their chainages are noted and accordingly 
provision to be made to construct cross regulators. This also fixes the bed level of the canal. 

vi. Wherever cross drainage works such as Aqueduct (when the canal crosses a nala) & culvert 
(wherever road crosses the canal) should be identified and such structures wherever necessary 
should be constructed. 

vii.  Loss of water due to carelessness should be avoided. 

viii.  The designed command area should be marked in a revenue survey map. 

ix. Details of existing distribution outlets, their locations and their conditions should be collected. 

 

2.4. Common Problems In Tanks & Remedial Measures: 

The common problems faced in a tank proper and remedial measures thereon are outlined as 
described below: 
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2.4.1 Tank Bund: 

Bund is a very important component of the Tank structure. Generally it is built with earth of 
homogeneous/non homogeneous type soils depending on the availability of the materials in place. 
Some tanks are of composite type with earthen bunds with masonry or earthen bund with concrete 
surplus weirs. Generally the earthen bunds consists of top width varying from 1.5 to 5 meters with 
more flattened slopes with revetment on the front slopes and steep slopes with turfing on the rear 
slopes. The condition of the bund deteriorates due to the following reasons. 

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

 

 
                                                     Fig. 2.4.1. a 
 

b) If down stream slopes are not provided with turfing, due to the impact of the rain water 
directly falling on the rear slopes causes gradual erosion of the slopes resulting in the 
deterioration of the bund section and ultimately causes damage to the bund. ( Fig. 2.4.1 b ) 

 

 
 
                                                              Fig. 2.4.1.b 
 

c) The trees that are allowed to grow on the Tank bunds extend their roots from one side of slope 
to the other side of slope.  If these roots grow below the Free Board Zone, there is possibility of 
piping action which is very dangerous.  If these piping action is left as it is, it will gradually give 
room for breach of the bund.( Fig.2.4.1.c) 
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                                                                          Fig.2.4.1.c 
 
 
 
d) Presence of rats/burrowing animals, causes piping action.(Fig. 2.4.1.d) 

 
                                                                      Fig.2.4.1.d 
 
 
e) If the anthills that are existing on the tank bund are to be removed, to avoid cut opening of the 

bund, sand should be poured into the holes along with water until the holes get filled up 
completely.( Fig. 2.4.1.e) 

 

 
                                                         Fig.2.4.1.e 
 
 
f) Some times the top of the bund erodes gradually due to rain falling directly on it resulting in 

decreasing the height and width of the bund.  Wear and tear of the bund also occurs due to 
movement of vehicles and animals.  When the bund height is reduced less than the Maximum 
Water Level (MWL) and due to heavy siltation. The water overflows through the bund  causing 
failure of bund due to erosion, breach and some times over toppling.  The bund height should be 
increased to a height of 1.5 m. above MWL giving sufficient free board using proper soil duly 
compacted after ensuring adequate grip between the existing and the new embankment.  The 
height of the revetment also to be increased accordingly up to MWL (Fig 2.4.1.f) 
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                                                       Fig.2.4.1.f 
 
 
g) Cutting of downstream toe of the bund due to encroachment results in exposure of seepage 

gradient on the downstream slope causing collapse of the slope and breach. ( Fig.2.4.1.g ) 
 

 
 
                                                                     Fig.2.4.1.g 
 

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

a) To keep a constant vigil of miscreants from damaging the bund. 
b) To remove weed growth frequently without giving room for its root growth deep into the 

Tank Bund 
c) To protect front slope with revetment some time with new stones or resetting of revetment 

whenever required. 
d) To protect rear slope with turfing to avoid scouring action due to impact of rain directly on 

the slope 
e) Not to give room to take soil out of the bund for other purposes. 
f) Not to cut the grass on the downstream slope resulting in exposing of earthen surface 
g) Not to grow trees on the tank bund 
h) Not to propose structures such as temples  etc., on the top of the bund 
i) Not to cut the rear toe of the bund cause due to encroachment of the farmer whose land is 

adjacent to the bund. 
j) Not to allow for the encroachment on the tank bund area. 
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2.4.3. Damages to bund may also take place naturally for the following reasons: 
 

a)  Longitudinal and Transverse Cracks in Embankment: 
     Sometimes during hot summer months, cracks are noticed on the embankment. Due to highly 

clayey nature of soils used in the embankment formation , such cracks occur due to high 
temperature, which tend to close during colder season. 

   Other types of cracks are caused by differential settlement between adjacent lengths of 
embankment, at junctions of earth and masonry structures, and due to non-uniform compaction 
to its full width in the successive layers in the embankments. The most serious crack are those 
which run transversely creating a path through the core for concentrated seepage through the 
core. In such cases immediately the WUA should bring it to 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 whenever cracks (other than the cracks 
associated with high temperature and which close during cold weather) are observed in the 
embankment:-  

 
i Find approximate depth of crack by excavating an inspection pit. 
ii  Carry out water test through this pit and observe approximate intake of Water 
iii  Excavate the cracked portion in the form of a trench upto the bottom of crack and 

trench filled in layers of semi pervious soil duly compacted.  The compaction may be 
done by hand rammers or pneumatic tampers or even manually by persons through 
their gum boots if mechanical means of compaction are not readily available.   

iv If the depth of cracks is substantial / about 0.75m or more, “clay – cement water mix” 
grouting maybe adopted.  This is normally done through 75mm dia pipes inserted into 
the cracks at about 0.9m to 1.0 m spacing and pouring the fluid grout mix (clay – 
cement – water) in these pipes, viz., ‘gravity grouting’ without deploying any grout 
pump. 

v Treatment of deeper cracks can also be done by excavating trenches in the cracked 
portions to a depth of about 0.75 m to 1.0 m range; exposing the cracks; and filling 
the trenches with a solution of ‘bentonite and water (1:14 ratio)’.  Gradually, the 
bentonite will penetrate the cracks extending below the trench bottom all along their 
depths filling these completely.  When no solution is left in the trenches, suitable 
earth fill in layers should be placed and compacted well right up to the top level of 
embankment.  There is no need of excavating the trenches right up to the bottom of 
cracks if these are very deep 0.75 m to 1.0m deep trenches are o.k.  This treatment is 
known as bentonite grouting and is simple and effective.  An important requirement is 
that the bentonite powder should be very well mixed in water and is to be kept stirring 
till the solution is poured in the trenches.  

vi Sand Slurry Method:  Sometimes it is more expedient (when nothing else is available 
at a short notice) to treat the longitudinal and transverse cracks by pouring a well 
stirred mixture of fine sand and water (Say, 1:5 ratio) into the cracks manually.           
  

 
2.4.4. Remedial Measures for Piping Phenomenon: 

A) If clear water is coming out through a leak, the situation is not serious.  However, discharge 
should be measured and reported immediately to the Engineer-in-charge.  Regular monitoring 
of discharge should be introduced.  Gradual / sudden increase in leakage discharge can be a 
cause of concern.  In order that the discharge is not allowed in increase further, dumping of 
soil and murrum on the upstream slope in a portion opposite to the leakage point maybe 
adopted.  Even gunny bags full of soil and murrum can be dumped.  

B) If turbid water is coming out through a leak the matter is serious and may develop into a 
dangerous situation of piping.  The leakage discharge should be approximately estimated.  
Also, immediate inspection of Tank Bund should be made to discover whether any settlement, 
howsoever small, and any longitudinal or/and transverse cracks have developed in the 
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embankment.  It should also be observed whether any ‘sloughing’ of embankment has 
occurred at any location.  All these facts should be promptly communicated to the Engineer-
in-charge so that requisite remedial measures can be initiated 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 turbid 
water is taking place viz the inverted filter be built over the embankment slope as it is 
without going in for any bowel shaped excavation to lay the inverted filter.  The layer 
of sand is to be placed against the leakage face.  

ii  This is illustrated in Sketch I:  Propose of ‘inverted filter’ is to trap soil particles.  The 
danger to a leak arises out of the removal of soil particles from the body of 
embankment, ultimately resulting into uncontrolled piping.  The function of the filter is 
to arrest the movement of soil particles.  It is, therefore, of utmost importance that 
correct filter materials, as shown in Sketch I, is used.  If after placement of inverted 
filter, it is observed that the turbidity of leakage water has disappeared and the leakage 
is of clear water, the filter has served its purpose.(Sketch1 at Page 19 ) 

iii  Soil, murrum and stones / rock should also be dumped, if necessary, on the portion of 
the upstream slope of the embankment (opposite the leakage location) to be sure that 
leakage does not increase. 

iv If any subsistence of the embankment is noticed in some reach, earth fill should be 
placed, duly compacted, to achieve the designed top level to ensure the designed free 
board. 

v If, even after taking the above emergent action, the situation 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 tank is almost depleted and bed is exposed, a 
key trench of 0.9m to 1.0m depth should be excavated at the upstream toe of the embankment.  
impervious soil should, then be laid in layers and properly compacted.  The length of this trench 
(covering a substantial reach u/s and d/s of the location of leakage point / points) can be 
determined at site.  A coffer dam or a ring bund can also be constructed on the upstream side, 
space between ring bund and tank bund dewatered, and the 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 about 1.25 m to 1.5 m thickness should be raised 
from the key trench up to M.W.L.  (duly placed in layers and appropriately compacted).  Stone 
revetment over graded filter should then be laid over the inclined clay blanket.  This 
arrangement of key trench and inclined clay blanket is illustrated in Sketch – II.( Page 20 )  

 
2.4.5.  Sluices: 

Sluices are one of the important masonry / concrete structures in the tank component.  Sluices 
may be one/two/three/four in numbers depending on the size and the Topography of the 
Command Area. Sluices may be of barrel type or piped structure facilitated with plug and rod or 
shutter type (in recent years) arrangements.  
Precautions to be taken to inspect the controlling arrangements before the onset of mansoon for its 
correctness.  The following are the possible problems that may arise due to improper care and 
needs immediate rectification.  

 
a) Plug and rod/shutter and controlling arrangements to be kept in good condition before 

receiving water into the tank.  This avoids leakages if any through the Sluice portion. ( Fig 
2.4.5.a) 
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                                                             Fig.2.4.5.a 

b) If the leakage water is of turbid nature then there is leakage nearer the Sluice or along the 
sides of the Sluice barrel.  This needs to be arrested by providing bund on the upstream side 
of the tank near the Sluice and when the tank is empty permanent repairs are to be carried 
out.  If necessary the bund also has to be cut opened and repairs carriedout. ( Fig 2.4.5.b) 

 
 

 
 
                                                              Fig.2.4.5 b 
 
 

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

 
 
                                                                   Fig. 2.4.6. 

Generally the Surplus Weirs are constructed by Size Stone masonry with deep pointing of the 
joints.  Excess water over and above the Full Tank Level (FTL) overflows through these surplus 
weirs upto the maximum water level.  The leakages or damages occur due to the following 
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reasons. 
 

a. Damage to the pointing of the joints in the body wall which needs to be set right only after 
the water recedes in the tank or by putting Ring Bund all along the length of Waste Weir to 
make re-pointing after scraping the joints thoroughly.  Some time plastering may also be 
done along with pointing.(Fig2.4.6 a) 

 
                                                        Fig2.4.6. a 

b. Leakages occur through the body wall of the Waste Weir due to weak structure of masonry.  
In such case provision to provide a concrete skin wall (M 15 concrete) with nominal 
reinforcement.  The thickness of the wall is generally of 200 to 300 mm. .(Fig2.4.6 b) 

 
.Fig2.4.6 b 

 
c. If there are pot holes in the solid apron (of concrete) on the downstream of the Surplus 

Weir, there is possibility of leakage from the bottom of the Surplus Weir. 

Even though most of the tanks have with stood for more than 100 years, it may receive the unexpected 
floods by itself or due to the breach of upstream tanks if the Tanks are in series, in such cases 
immediate arrangements to be made to report to the concerned authorities and also care should be 
taken to cut open the Waste Weir itself to pass the heavy floods.  Subsequently repair the 
masonry/concrete walls immediately after the flood water 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 duly observing all quality control requirements.  Any 
non conformance to specifications would result in poor quality work which could be prone to re-
occurrence of breach. 

2.4.7.1. Sequence-wise steps for closing of breaches  

A) Preparation : 

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

c) All loose soils should be removed from the ends of bund on either side of breach. 

d) In case it is a zoned section, core trench or core wall is 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 should be cut to a flat slope, preferably, 4(h) : 
1(v) slope. 

h) The cut slopes should be benched in suitable steps of +30 cm or 45 cm.  Meanwhile, soil to 
be placed in the ‘breach section’ should be got classified for its suitability. 

 

B) Placement of Earthfill and Compaction:  

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

b) Earth fill should be placed in suitable layers (20 cms / 22.5cms thick in case power roller is 
used or 15 cm thick in case fuel operated plate compactor / earth rammer is used). 

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

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

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

f) It is to be ensured that any gravel / stone pieces / clods of size more than 7.5 cm are picked 
out and removed. 

g) The soil in the casing zone (viz cohesion less soil) is to be compacted to a relative density 
of 65%. 

h) Slopes of the new embankment should be in conformity with the designed slopes of the 
bund or even some what flatter in special situations.  An extra width of, say, 20 cm should 
be laid and compacted during fill placement to ensure effective compaction of full section.  
This extra width can be later trimmed and the trimmed earth re-used. 

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

   Methodology of closing breach is illustrated in Sketch – III.( Page No. 21 ) 

2.4.8.  Leakage in Canals: 

Wherever Canals are taken up through full embankment without proper compaction there is 
possibility of damage to the Canal through heavy seepage and cause wastage of water.  Some 
times there will be loss of Crops too. 

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

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

Note: In case of emergencies, it is always advisable to inform the experts who can guide the 
WUAs in a better manner and deal with the situations appropriately.  Also the District Collectors 
of the concerned districts should be informed about the possible damage that may cause in case of 
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occurrence of breach. 

Before the onset of monsoons it is always advisable to keep stock of empty cement bags and sand 
for putting emergency Ring Bunds. 
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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 lines, grades, levels shown on the drawings and as 
directed by the Engineer. 

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

c) In very small jobs, compaction of earthfill may be done manually by hand rammer. An hand 
rammer may consist of a wooden block, say, 20 cm x 15 cm x 15 cm with a wooden handle 
fixed to it.  Mechanized compaction shall be done on all other jobs.  

d) Care shall be taken to ensure that the soil below and beyond the lines of all excavation is 
preserved in a sound condition. 

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

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

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

h) In case of soft or hard rock strata, all weathered or partly decomposed pieces of rock shall be 
removed.  

B ) Stability of Slopes: 

During the excavation as well as fill placement, stability of slopes has to be ensured, being of 
paramount importance. During re-sectioning of earthen channels, the slopes both in cutting 
and fill sections should remain stable. Likewise, the earthen embankments should have stable 
side slopes. In case the canal is to be lined with concrete or masonry, the side slopes shall be 
such that no earth pressure is exerted over the back of the lining. 

For general guidance, recommended side slopes are tabulated below from consideration of 
slope stability: 

 
3.1.1(b) TABLE: Recommended Side Slopes 

S.No. Type of Soil Side Slopes (Horizontal: Vertica l) 
i) Loose sandy soil  3 : 1 
ii) (Average sandy soil/sandy gravelly soil 1 : 1 to 1.5:1 (in cutting) 

1.5 :1 to 2: 1 (in embankment) 
iii) Murrum - gravel mixed soil 1 : 1 to 1.5:1 (in cutting) 

1.5:1 to 2:1 (in embankment) 
iv) Clayey Soils 2 : 1 to 2.5:1 (in embankment) 

1.5:1 to 2:1 (in cutting) 
v) Rocky Soils 0.25 : 1 to 0.50 : 1 
    
 



 23 

The above slopes are for depth of cutting and height of embankment upto 5.0 m. The clayey 
soils, when wet, shall have stable slopes of 2.5:1, since these soils are prone to slips when 
wet. In any case, the slope should not be steeper than 2:1. As a matter of fact, side slopes 2: 1 
are considered stable for all types of soil in embankment upto a height of 5.0 m. In case of 
clayey soils for embankment height of more than 5.0 m (upto 10 m), side slopes of 2.5: 1 shall 
be the stable slopes. Flatter side slopes, 3.5: 1, shall be needed in case of swelling black 
cotton soils. 

 
 C ) Strengthening of Earthen Embankments: 

Raising and strengthening of earthen embankments in such reaches / portions which are 
deficient in designed sections shall be carried out with good construction procedures. For 
raising earthwork on the existing old embankment, it is essential to ensure proper bonding of 
freshly laid soil with the old embankment so that no leakage takes place at the junctions. 

 
(i) Construction Procedure: 

 
a) All vegetation, bushes, roots, plants etc. shall be removed from the existing portion of 

embankment proposed to be strengthened.  
b) The base shall be stripped to a depth of about 15 cm to 20 cm.  
c) The outer slope / inner slope shall be benched in suitable steps of about 30 cm to 45cm.  
d) Borrow area to furnish suitable soil for fill placement shall be identified. 
e) Types of soil suitable for placement comprise of: clayey gravel, silty gravel, clayey sand, 

silty sand, clayey soils etc. 
f) Density tests of borrow area soil shall be conducted. 3 or 4 tests shall be conducted with 

varying moisture contents to enable determination of "Maximum Dry Bulk Density 
(MDBD)" and Optimum Moisture Content (OMC), viz the moisture content at which the 
density is maximum. 

g) Earth fill shall, then, be laid in layers at the placement side. Thickness of layers shall be 
restricted to 20 cm to 22.5 cm in case standard "Power Roller" is used for compaction. 

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

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

j) Water shall be uniformly sprinkled over the layer, if it is dry. Rapid Moisture Meter may 
be used to determine the moisture content in the layer. Fine spray nozzle or gardener's 
cans be used for adding water. Compaction shall, preferably, be done to 95% Proctor 
density (viz maximum density corresponding to OMC), as explained above. 

k) During placement of layers, clods & stones of size larger 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 each layer and compacted to ensure full 
compaction of designed section. The extra earthfill shall be later trimmed to the designed 
slope and the earth re-used.   

 
(ii)  Quality Control Tests & Documentation: Standard Proctor Density Test shall be 

conducted once in the "borrow area". Density test shall be made in each layer and/or one 
test for every 150 m3 of earthwork placed and compacted. These tests are to be properly 
documented in a permanent page-numbered register. 

 
D) Borrow Pits:  

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

 
Procedure: The following broad guidelines shall be followed in respect of opening of the 
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borrow  pits: 
a) No borrow areas shall be taken on roads, village tracks etc. 
b) No borrow pits shall be dug within 3 m of the toe of canal embankment. 
c) The top layer of earth having grass, roots, vegetable matter of any kind, and any 

undesirable material shall be stripped to a suitable depth, say, about 7.5 cm or so. 
Moisture content of soil in the borrow area shall be determined either by "oven or stove 
drying method" or by using "Rapid Moisture Meter".  

d) Borrow areas shall be moistened / watered when observed moisture content is less. 
Depth of borrow pits be restricted to, preferably, 0.50 m. 

e) Density tests of soil in the borrow area shall be conducted by either the "Core Cutter" or 
the "Sand Replacement" methods to determine maximum dry bulk density. 

f) In Case, determination of maximum dry bulk density (MDBD) and optimum moisture 
content (OMC) is not easily feasible, these shall be assumed as per the following Table 
(as per United States Bureau of Reclamation Guidelines): 

   
S.No. Soil Classification    Average properties of Soil 
     MDBD     OMC 
1.  Clayey Gravel  >115 lbs/ft3  < 14.7% 
2.  Silty Gravel  >114 lbs/ft3  < 14.5% 
3.  Clayey Sand  (115 + 1) lbs/ft3  (14.7+ 0.40)% 
4.   Silty Sand  (114 + 1) lbs/ft3  (14.7+ 0.40)% 
5.  Clayey Soils   (108 + 1) lbs/ft3  (17.3 + 0.30)% 

 
The symbol > denotes …….. greater than, & < denotes ……….. less than. 
 
Thus, in the absence of any tests, the following values may be adopted: 
 
For clayey sand / silty : MDBD = 114 lbs/ft3 or 1800 kg/m3 & OMC = 14% sand/clayey 
gravel/silty gravel 
 
For clayey soils (other than fat: MDBD = 107 lbs/ft3 or 1650 kg/m3 & OMC= 17% clays 
or swelling black cotton soils) 

  
g) Layers can be laid and compacted at about + 2% of OMC depending upon the 

atmospheric conditions and nature of soils. The above values of MDBD may be 
assumed as "Proctor Density" and the actual "in-place field densities" after compaction 
of earthfill (placed in layers) shall, preferably, be 95% MDBD's. 

h) After the use of borrow area has been finally discontinued, the overburden and any 
other unsuitable material previously laid aside shall be replaced in the pits, spread and 
leveled. The sides of borrow pits shall be graded and the whole area shall be left in a 
tidy state to the satisfaction of the Engineer. This is in the context of "environmental 
requirements". To avoid formation of pools in the borrow pits, drainage ditches from 
borrow pits to the nearest outlets/depressions shall be excavated. The objective being to 
ensure proper drainage. 

 
E) Construction of New Embankment:  

The procedure is the same as has been outlined above in para (c) above in respect of the 
raising/strengthening of existing embankments. Principal focus shall be on "compaction of 
earthfill, which is of paramount importance for lonq-term integrity and sustainability of the 
embankment. Turfing shall preferably be done on slopes to prevent formation of rain-cut and 
gulleys. If the embankment is for storage of water, the water side slope shall be provided with 
stone revetment and the down stream slope shall be turfed with the locally available grass / 
shrubs. 

 
Compaction of cohesive soils (viz clayey sand, silty sand, clayey gravel, silty gravel, clayey 
soils etc) shall be done to 95% proctor density. In respect of cohesion less soils (sandy soils, 
sandy gravelly soils) compaction shall be done to 65% relative density with the addition of 
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sufficient water in each layer and compacted by mechanical tampers / power rollers / 
vibratory plate compactors or by hand rammers (if the quantum of work involved is small). 
As outlined in para (d) above, the values of Maximum Dry Bulk Density (MDBD) and 
optimum Moisture Content (OMC) for soils brought from borrow areas may be assumed (in 
the absence of conducting the requisite tests). The field in-place density tests of compacted 
layers shall be 95% of the Proctor density assumed values of MDBD. Rapid Moisture Meter 
is used for quick on-site determination of moisture content in the earthfill layers. Sprinkling 
of water be done, if necessary, to bring the moisture content within about + 2% of OMC. 

 
F) Back-filling :  

It is a very important item of work and is required to be carried out through systematic 
procedure conforming to acceptable quality standard. 

 
Procedure: 

a) No back-filling behind walls and structures shall be commenced until and unless the     
work has been completed, inspected, and approved by the Engineer. 

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

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

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

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

f) Back-fill soil shall be placed in layers and such layers shall be brought up evenly 
around the structure. Thickness of each layer is to be restricted to 15 cm in case 
mechanical tampers / fuel-operated vibratory plate compactors are used for 
consolidation. In case manual compaction through hand rammers is to be done, the 
thickness of layer is to be restricted to 10 cm. The hand rammers shall, preferably, be 
about 3 kg in weight. Various types of hand rammers can be made locally. Such 
rammers may comprise of: wooden blocks (of, say, 20 cm by 15 cm by 15 cm 
provided with a wooden handle); or a circular cast iron base plate with an iron handle; 
or steel channels/I-section beams welded together with a steel handle etc. 

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

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

i) Where the back-fill soil to be used is cohesion less (sandy/sandy gravelly etc.) each 
layer be fully saturated with water and consolidated to a bulk density of about 1900 
kg / m3. 

j) It is to be ensured that the procedure outlined above is meticulously followed and that 
the soil is not dumped haphazardly against the structure 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 fine and coarse aggregates, water, well 
mixed in a mechanical mixer, duly maintaining the specified water cement ratio (W/C), and 
consolidated well after placement at site. Only when the quantity is very small, and in 
exceptional cases, hand mixing of concrete mix ingredients shall be allowed by the Engineer. 

 
3.2.1 (i) Cement:  

Cement shall be procured from reputed manufacturers. It shall be of Grade M43 or M53. A 
certificate should be obtained from the manufacturer about its essential characteristics such 
as: initial setting time, final setting time; fineness; 28 day compressive strength, soundness, 
consistency; sulphate content etc. 
 
Ordinary Portland Cement (OPC) shall normally be used on all works. Sulphate resisting 
cement or Portland Slag cement (with slag content more than 50%) shall be used in such 
situations, which in the opinion of the Engineer, are exposed to sulphate attack. It has been 
experienced that the Portland slag cement (with slag content of more than 50%) exhibits 
better sulphate resistant and chloride resistant properties. 

 
3.2.1 (ii) Concrete Aggregates: 

 
a)  Fine Aggregate (Sand): It shall be well graded and have a fineness modules of 2.2 to 2.8. 

It shall be tested for the presence of any organic impurities. It shall also be tested for the 
presence of silt & clay content. Sieve analysis shall be carried out to determine the grading 
and fineness modulus. Sand must be well graded with a maximum size of 4.75 mm. Well 
graded sand is essential to impart good workability and finish to the concrete mix. The 
gradation requirement of sand for concrete is indicated below: 

 
Mechanical Analysis of Sieving 

 
Percentage Passing for 

Sieve Size 
Grading Grading Grading Grading 

 Zone I Zone II Zone III 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 1 0-15 

 
Sand of zone I is the coarsest, followed by zones II, III  & IV in order of coarseness. Zone 
IV Sand shall not be used in the reinforced concrete works. Sand shall be free of organic 
impurities. The cumulative percentage of silt & clay present in sand shall not exceed 3%. If 
moist sand is used, its "bulkage" test shall be conducted. The maximum bulkage allowed is 
20%. Allowance for bulkage shall be made by adding more sand and reducing the quantity 
of water in the mix. The allowance to be made for bulkage is tabulated below: 

TABLE 
Bulkage determined in moist 

sand 
Allowance to be made 

 
Less than 5% NIL 
5 to 10% 5% 
10 to 15% 10% 
15 to 20% 15% 
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Procedures for conducting quality control tests on sand are explained in the section on 
Quality Control Tests. These tests include: gradation; fineness modulus; bulkage; organic 
impurities; and determination of silt/clay content. All these tests must be conducted and 
recorded. 

 
b) Coarse Aggregate: The coarse aggregate shall be hard and well graded to produce a dense 

concrete of the specified strength and consistency that will work readily into position 
without segregation. It shall be tested for gradation, water absorption, and also for impact 
and abrasion values if requisite testing equipment is available (for testing impact & 
abrasion). It should not absorb more than 5% water. Grading shall be assessed through sieve 
analysis. Course aggregate comprises of all aggregate particles of size more than 4.75 mm. 
The maximum nominal size of aggregate shall be 80 mm when used in the mass concrete. 
For almost all works in the EIRP, 40 mm and 20 mm size aggregate shall be used. 
Aggregate of maximum nominal size of 20 mm size shall be used in the reinforced concrete 
works. The aggregate shall be free from silt, clay, dust and other impurities. The grading 
shall broadly meet the following requirement. 

 
% Passing by weight for graded aggregate of nominal size 

Sieve Size 
40 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 

 
The gradation test of coarse aggregate is explained with examples in the Section on Quality 
Control Tests. 

3.2.1 (iii) Water for concrete: 

 Water used for mixing and curing shall be clean and free from injurious amounts of oils, 
acids, salts and organic materials. Potable water is considered satisfactory for mixing 
concrete. In case of doubt about the suitability of water proposed to be used, it shall be 
ascertained by the compressive strength as outlined below: 
"Average 28 days compressive strength of atleast three 15 cm concrete cubes prepared with 
water proposed to be used shall not be less than 90% of the average of strength of 3 similar 
concrete cubes prepared with distilled water." Also, the pH value of water shall be not less 
than 6. Accordingly, the water samples shall be tested with pH meter. 

3.2.1 (iv) Concrete Mix:  

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

ii  Measuring boxes/gauge boxes for volumetric batching of cement, fine and coarse 
aggregates are illustrated in sketch A. The wooden measuring boxes may be dimensioned as 
30cm X 30cm X 37.25 cm to hold one bag of cement equivalent to 1.2 cubic feet volume. 
To add measured quantity of water, water containers are calibrated as shown in sketch A. 
Such wooden measuring boxes/gauge boxes should also be deployed for the preparation of 
cement mortar to be used in the masonry construction and plastering jobs. ( Sketch ‘A’ at 
Page No.28 ) 
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a) The class of concrete or grade of concrete to be used shall be as shown on the drawings. The 

concrete is classified on the basis of its compressive strength at 28 days as shown below: 
 

 
Concrete Class / Grade 

 
Cube strength at 28 days (kg/cm2) 

 
Mix proportion 

            M 25 
 

250    
 

1 : 1 : 2 
 

             M20 
 

       200 
 

1 : 1.5 : 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 - Cement Ratio & Minimum Grade of 
concrete for different Exposure conditions with coarse aggregate of 20 mm Nominal Mix 
size. 

 
 Besides the importance of 28 days compressive strength of concrete cubes (as an 

acceptance criteria) durability of concrete is also now a very important requirement. A 
durable concrete is one which performs efficiently for a very long period in the exposure 
environment in which it is constructed. One of the most important factors influencing the 
durability of concrete is its permeability to the ingress of water, oxygen, carbon dioxide, 
chloride, sulphate etc. A low permeability of concrete is achieved by having adequate 
cement content, sufficiently low water-cement ratio, and by ensuring good compaction of 
concrete, and by adequate curing. various exposure conditions are: 

 
S. 

No. 
Environment / 

Exposure 
Exposure conditions 

i Mild  Concrete surface protected against weather or 
aggressive conditions.  

ii 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 
iii 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 
 

iv Very Severe  Concrete exposed to sea water spray, exposed to 
corrosive fumes or severe freezing conditions whilst wet 

 Concrete in contact with or buried under aggressive 
sub-soil/ground water. 
 

v Extreme  Concrete exposed to tidal waves / zone; &  
 Concrete in direct contact with aggressive chemical 
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 Concrete surfaces of concrete lined channels are exposed to alternate wetting & drying and, 
therefore, comes under the category of "Severe conditions". 

  The minimum cement content, maximum water-cement ratio, and minimum grade of 
concrete under various exposure conditions is tabulated below: 

Plain concrete Reinforce concrete 

S. 

No. 
Exposure 

Minimum 

cement 

content 

(Kg/m3) 

Maximum 

water- 

cement 

Ratio. 

Minimum 

Grade of 

concrete 

Minimum 

cement 

content 

(Kg/m3) 

Maximum 

water- 

cement 

Ratio 

Minimum 

Grade of 

concrete 

i) Mild 220 0.60 M10 (1:3:6) 300 0.55 M 20 

ii) Moderate 240 0.60 M 15 (1:2:4) 300 0.50 M25 

iii) Severe 250 0.50 M20 (1:1.5:3) 320 0.45 M 25/M 30 

iv) Very Severe 260 0.45 M20 (1:1.5:3) 340 0.45 M 35 

v) Extreme 280 0.40 M 25 (1:1:2) 360 0.45 M40 

 

Adjustments to Minimum Cement Contents for Coarse Aggregate other than 20 mm 
nominal maximum size: 

 

S. 

No. 

Nominal Maximum coarse 
aggregate size (mm) 

Adjustment to minimum 
Cement Contents (Kg/m3) 

i) 10mm + 40 Kg/m3 

ii) 20mm 0 

iii) 40mm -30 Kg/m3 

Note: No reinforced concrete shall be of grade less than M 20. In respect of concrete works 
in EIRP, it may be adequate to assume "Severe" environment / exposure conditions. In this 
context, the minimum cement contents and maximum W/C ratio work out to be: 

                                              Plain Concrete Reinforced Concrete 

Cement content 
(Kg/m3) 

250 320 

Max water-cement 
ratio 

0.5 to 0.6 0.45 to 0.50 

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

viz compressive strength at 28 
days should be 150 / 200 kg/cm2 

M 25 (1:1:2) 

Viz the compressive strength at 28 days should 
be 250 kg/cm2 

 

Cubes should be tested of concrete mixes with above minimum cement contents and water-
cement ratios. If the 28 days compressive strength achieved work out to be 150/200 kg/cm2 
& 250 kg/cm2 respectively, it is OK, otherwise increase the cement content. 

 



 31 

In view of adoption of volumetric batching, the concrete mixes may involve higher cement 
content than the "designed mixes" based on proportioning of mix ingredients by weight. It 
may be adequate to increase the cement contents by about 10% (viz to increase the 
tabulated cement contents by about 10%). Cement content in the concrete mixes shall be 
such as would meet the durability requirements. Any excessive cement used in the mixes 
would be un-economical, besides causing thermal cracking. 

 

c)  Consistency/workability of concrete Mix: The consistency shall be such that the concrete 
can be easily placed and compacted without segregation of materials. The resulting concrete 
should be free from honey-combing. The consistency of concrete, as determined by the 
slump test, should be within the range 50 mm to 75 mm viz "medium degree of 
workability".  

d)  Mixing of Concrete: Concrete mix ingredients shall be mixed in a mechanical mixer. All 
ingredients (viz cement, sand, coarse aggregates) including water shall be thoroughly mixed 
together before any portion of the mixture is discharged. The ingredients shall be mixed in 
the mechanical mixer for atleast 2 minutes. The entire quantity of water shall be put in the 
mixer before one-fourth of the mixing time has elapsed. The mixer shall be cleaned before 
commencing mixing and shall be kept free from set concrete. 

In exceptional cases when the quantity of concrete is very small, the Engineer may allow 
hand mixing of concrete. Hand mixing shall be done on a smooth and hard platform. The 
whole of the aggregate, sand and cement shall be turned over on the platform in a dry state 
atleast 3 times, keeping the central portion of the heap depressed. Water from a calibrated 
container shall then be added gradually after which the materials shall again be thoroughly 
turned over in a wet state atleast 3 times before taking the mix to the placement site. 

e) Water-Cement Ratio: It is one of the key elements for a durable and sound concrete. 
Accordingly, it should be maintained at correct specified value. High durability is 
associated with low water-cement ratio. Co-efficient of permeability increases rapidly for 
water-cement ratio in concrete higher than 0.55 or 0.60. Higher permeability of concrete 
makes it porous, there-by, allowing easy ingress of water, carbon dioxide, sulphates and 
chlorides into the concrete and initiating its deterioration rapidly. Higher W/C ratio reduces 
the compressive strength of concrete. An excess of 10% water shall reduce the compressive 
strength by about 15% and an excess of 30% water in the concrete mix shall reduce the 
strength by about 50%. 

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

f)  It is essential that sieve analysis of sand and coarse aggregate is carried out. The natural 
sand qravel mixture / sand aggregate mixture should not be used by the contractor without 
screening and washing. The fine and coarse aggregate must be stacked separately after 
screening. This is an essential requirement of quality control. 

g)  Placement, compaction and curing: Before placing concrete, the site must be clear of all 
debris, loose material, rubbish, vegetation etc. Concrete shall be placed and compacted as 
soon as possible after it has been mixed with water and before the initial set of cement viz 
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30 minutes. Concrete shall be placed in layers of 15 cm to 30 cm for reinforced work and 
upto 45 cm for mass concrete. The layers shall be placed in quick succession to prevent any 
separation between the layers. Each layer is to be vibrated with a mechanical internal needle 
type vibrator. In very small works, adequate rodding shall be done for compaction of 
concrete. 

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

·  The concrete shall be placed in convenient lifts,. varying from 60 cm to 90 cm, depending 
upon the capability of concrete production, placement, and compaction. Concrete surface 
shall be given a steel trowel finish upon completion of placement of the lift. In small jobs, the 
finished surface shall be manually nicked (viz made rough with a chisel or pointed steel rod) 
after about 6 hours of completion of placement and all laitance (viz fine mortar layer) 
removed and the coarse aggregate exposed. The surface be washed with water. In the 
construction of big bridges, culverts and other substantially bigger jobs, an air-water gun shall 
be used to remove the laitance. This is known as green cutting of concrete. Next lift of 
concrete shall then be placed over the surface thus prepared. 

Curing:  It is very essential to do adequate curing of concrete to enhance its durability. 
Inadequate curing not only reduces the strength of concrete but also increases its permeability 
there-by making it vulnerable to attacks by the atmospheric water, carbon dioxide etc. and 
making it weak. Inadequate curing causes spalling & cracking of concrete. Accordingly, 
exposed surfaces of concrete shall be kept continuously in a damp or wet condition by 
covering the same with sacks, canvas, hessian, or similar material for a period of 28 days. 

h)  Frequency of sampling of concrete: No. of samples to be taken from each grade of 
concrete shall be broadly as under: 

 
Quantity of concrete in the work 

(m3) No. of samples to be taken for testing 

1-5 m3 1 No. 
6-15 m3 2 Nos. 
16-30 m3 3 Nos. 
31-50 m3 4 Nos. 

51 m3 and above 4 plus one additional sample for each additional 50m3 
concrete or part there-of. 

 
   3 test specimens (viz cubes) shall be cast from each sample for testing at 28 days. 

Additional specimens may be cast for testing at 7 days, if so desired. The test results of 
sample shall be the average of the strength of 3 specimens. 

·  For ordinary portland cement concrete (OPC), compressive strength at 7 days is about 
75% of the strength at 28 days; and the compressive strength at 3 days is about 33% of the 
strength at 28 days. 

 
 

i) Acceptance Criteria of the Cube Compressive Strength: Any individual test result shall 
not be less than 80% of the strength of the respective grade of concrete viz for M20 grade 
concrete (1: 1.5:3), the individual test strength shall not be less than 160 kg /cm3. The 
average strength of all samples shall however, be 200 kg/cm3. 
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3.3 REINFORCEMENT 
 

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

 
3.3.1 Cutting, Bending, and Binding of Reinforcement: 

a) Reinforcement steel bars shall conform accurately to the dimensions given in the bar 
bending schedule' shown on the relevant drawings. 

b) Bars shall be bent cold to the specified shape and dimensions by a bar bender by hand or 
power to attain the proper shape and specified radius of bends. 

c) Bars bent during transport and handling shall be straightened before being used. The bars 
shall not be heated to facilitate bending. 

d) Reinforcement bars available from any rejected reinforced concrete shall not be used. 
e) The radii of bends in main reinforcement bars shall not be less than 4 times bar diameter for 

plain mild steel bars or 6 bar diameters in deformed bars. Radii of bends for stirrups shall 
not be less than twice the dia of round bar. 

f) Where reinforcement bars are bent aside at the construction joints, and, afterwards bent 
back into their original positions, it shall be ensured that at no time is the radius of bend less 
than 4 bar diameters for plain mild steel or 6 bar diameters for deformed bars. Also care 
shall be taken that concrete around the bars is not damaged. 

 
3.3.2 Placing of Reinforcement 

a) Before the reinforcement is placed, the surface of all bars shall be cleaned of rust, loose mill 
scale, dirt, or any other objectionable matter. 

b) All bars shall be placed in exact position shown on the drawing, and shall be securely held 
in position by binding wire, and by using metal chairs, concrete spacers at sufficiently close 
intervals. Pieces of broken stone, or brick, or wooden block shall not be used. 

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

d) It must be ensured that "Concrete Cover", as indicated in the drawing is provided. All bars 
protruding form concrete and to which other bars are to be subsequently spliced and which 
are likely to be exposed for a long period shall be given a coat of neat cement grout. 

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

main reinforcement bars shall usually be not less than the greater of the following: 
i diameter of the bar if diameters are equal; 
ii  diameter of the larger bar if the diameters are unequal; 
iii  5 mm more than the nominal maximum size of coarse aggregate. 
   Size of coarse aggregate may be reduced around congested reinforcement. 

 
·  Wherever, there are 2 or more rows of bars, the bars shall be vertical in line and the 

minimum vertical distance shall be 15 mm or two-thirds of the nominal maximum size 
of coarse aggregate, or the maximum size of bars, whichever is greater. 

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

·  Tolerance on placing of reinforcement: The reinforcement shall be placed within the 
following tolerances:- 
(i) for effective depth - 200 mm or less          = + 10 mm 
(ii) for effective depth - more than 200 mm         = + 15 mm 
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Tolerance for nominal cover: Actual concrete cover shall not deviate from the specified 
nominal cover by + 10 mm. The actual cover shall not be less than the specified cover 
in any case, viz "zero-tolerance". That is, the cover can be more but in no case less than 
the specified cover. 
Nominal Cover: It is the designed depth of concrete cover to the reinforcement. 
Minimum values for the nominal cover to be provided to all reinforcement, 
corresponding to the various exposure conditions is outlined 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 most important 
"durability parameter". The provision of sufficient cover of concrete to the 
reinforcement is the most important aspects of preventing corrosion of reinforcement. 
Of course, the concrete has to be dense, well vibrated, and well cured. It is of utmost 
importance that the Engineer or his representative checks the cover of reinforcement 
when it has been erected to be sure that it conforms to the cover specified in 
drawing/specifications. Furthermore, it is to be checked that spacers/steel chairs are 
adequately provided to ensure that the cover is not disturbed during concrete placement. 
Any reduction in cover shall cause early determination of concrete, thereby, reducing 
the useful life of the structure. 

 
3.4. FORM WORK 

 
a) The formwork shall conform to the shapes, lines and dimensions of structures shown on the 

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

b) The contractor shall furnish the details of proposed formwork to the Engineer for his approval. 
The formwork should either be of good quality timber (with a smooth inner surface free from 
any gaps) or of steel. 

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

d) Formwork shall be sufficiently rigid by the provision of ties and bracings to withstand the 
pressure resulting from concrete placement and vibration without deflection of the formwork. 
Suitable struts or stiffeners shall also be used to make the formwork sufficiently strong to 
prevent any displacement or sagging of the formwork. 

e) The formwork, after it is erected, shall be critically checked for its tightness. If the forms are not 
tight, there will be a loss of mortar from the concrete, which shall result in "honey-combing" or 
a loss of water, which will cause sand streaking/sand pockets in concrete. 

f) No concrete shall be placed in the formwork till the Engineer or his representative has inspected 
it and given OK signal to proceed with concrete placement. 

g) Use of internal vibrators for compaction of concrete requires that the forms are strong. Full 



 35 

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

h) To ensure that no ugly off-sets occur at the horizontal construction joints between the 
successive lifts of concrete, the formwork should be fitted snugly against the top of concrete in 
the previous lift and securing it so as to remain in tight contact during the concrete placement. 
The anchoring shall be done by using ample number of ties and bolts above and within a few 
centimeters of the construction joint. Formwork shall overlap the hardened concrete in the lift 
previously placed by about 50 mm. This will ensure that the construction joints are smooth and 
free from sharp deviations and projections. 

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

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

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

 
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)  14 days 
Forms from beneath the slabs (spanning above 6 m) 21 Days 
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 concrete 
finish without any bulging, depressions, protrusions, hollow sand pockets, or honey-
combing. The Engineer or his representative shall critically check the formwork and pay 
special attention to the following item: - 

a)   Preparation of surface of forms; smoothness; removal of set mortar/concrete; 
b) Alignment of forms; 
c) Form oil application to forms; 
d) Adequacy of the provision of ties, struts, bracing to assess the rigidity of forms; 
e) Tightness of formwork; 
f) Overall cleanliness from within the formwork prior to placement of concrete;  
g) Final O.K. for concrete placement. 

 
3.5. STONE MASONRY WORKS 
 

3.5.1.The stones used for masonry shall be of hard variety and free from decayed and weathered 
portions, flaws and cracks. The size of stones shall be such that at least 75% stones are not 
less than 15 cm in any direction (though 20 cm shall be preferred) and weighing not less than 
about 25 Kg to 30 Kg each. It shall be better to test few sample stones for water absorption. A 
stone when kept immersed in water for 24 hours shall not absorb more than about 5% water 
of its weight. The stones and quarry from where the stones are to be brought shall be subject 
to the approval of the engineer. The types of masonry construction shall conform to the 
drawings viz. 1:5; or 1 :4; or 1:3 (cement-sand proportions by volume). 
 

3.5.1.1.Cement: Specifications of cement are the same as of concrete works. Cement shall be 
obtained by the contractor from reputed manufacturers. He shall obtain the requisite test 
certificate from the manufacturer or their agent and furnish the same to the Engineer. 
Cement shall, preferably, be of grade 40 or more. 
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3.5.1.2.  Sand: It shall be washed and screened and the maximum size of particles being limited 
to 4.5 mm. It shall be free from organic impurities as well as silt and clay. It shall not 
have silt & clay more than 3% by weight. If moist/damp sand is used, its bulkage be 
determined and allowance made in the mortar, as has been explained in the item of 
concrete works. Grading of sand for masonry work shall conform 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 quantities of silt, organic matter, and other 

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

 
3.5.2. Job – specific specifications and Procedure for Construction of stone Masonry 

structures / Walls: 
 

a) The Cement mortar shall consists of cement and sand, mixed in specified proportions given in 
the drawings and bill of quantities. 

b) Cement and sand shall be mixed by volume; water shall be added from a calibrated container. 
Due allowance is to be made of bulkage of sand if moist sand is used. The mortar shall be 
mixed intimately in a mechanical mixer to the maximum possible extent. Mixing time shall be 
2 ½ minutes to 3 ½ minutes after the addition of water. 

c) In exceptional circumstances, when the work is of small magnitude, hand mixing may be 
allowed by the Engineer. This shall be done on a smooth water tight platform large enough to 
allow efficient mixing and turning over of the ingredients before and after adding water. 
Mixing platform shall be such that the water does not flow out. Dry sand and cement shall 
first be mixed thoroughly and water then added gradually and mixing continued until mortar 
of required consistency is obtained. 

d) Consistency of mortar (viz workability/fluidity) shall be in the range of the water cement ratio 
of about 0.6. 

e) The first batch of mortar at the commencement of work with any mix shall be made richer by 
mixing 10% more cement over and above that required for the particular mix. 

f) The stones shall be absolutely free from dirt and well cleaned and washed before being laid. 
g) Only such quantity of mortar shall be prepared at a time as could be completely used up in 

masonry within 30 minutes of mixing. Mortar that remains unused for longer period than 30 
minutes or becomes stiff or set shall not be used. It shall be rejected and wasted. . 

h) After the foundation is prepared, a full mortar bed shall be placed of about 12 to 15 cm 
thickness. The stones shall be laid by hand with specified mix of mortar. 

i) The stones are to be wetted and surface dry while being laid. The stones shall be solidly 
bedded in mortar with close joints. No joint shall exceed about 37 mm (viz 1.5 inches) nor 
shall be less than 12 mm in thickness. Chips of stones and rock spalls shall be "hammer 
wedged" into the big interstices            (viz. gaps) between stones, wherever necessary, to 
give maximum density to the masonry. No hollow space is to be left. 

j) Every stone shall be set flush in mortar, shaken and hammered down by a mallet to sink into 
the mortar bedding layer. Spalls/chips to be used shall be carefully selected to fit tightly into 
the interstices between the larger stones. 

k) Additional mortar to be added to fill the intervening space between larger stones shall be 
well worked by a trowel and a steel bar of about 12.5 m diameter and 0.60 m long to ensure 
proper mixing and bonding with the bottom mortar layer. Putting chips/rock spalls into the 
intervening space between the stones shall not be done before filling it with mortar and 
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shaking it down to the full depth. Flat chips shall not be laid at the top. These shall be 
driven with ends vertically down: Header and Stretchers shall be inserted.   

l) Next mortar layer about 12 cm to 15 cm thickness shall be laid and process of laying stones 
continued as here-to-fore. 

m) Mortar content: The mortar content in one cubic metre of masonry is expected to range 
between 0.37 m3 to 0.43 m3; the average being assumed to be 0.40 m3, viz 40%. The actual 
consumption of mortar shall be recorded from day to day. A variation of + 3% may be 
allowed. Variation of more than 3% on the lower side (viz. lower than 37%) shall not be 
allowed, being violation of specifications. Variation of more than 3% on higher side shall be 
at the cost of the contractor. 

n) The masonry shall be raised in courses, and the next course shall not be laid earlier than 24 
hours after laying of the previous course. A maximum of 0.60 m high masonry can be 
allowed to be raised in a day. Each course is carefully plumbed and checked for verticality.. 

o) The top surface of each course shall be wire brushed to remove excess mortar and keep the 
surface rough to ensure good bond with the next course of masonry. 

p) Curing of masonry: Curing of masonry shall commence after about 4 to 8 hours of 
construction (depending upon weather condition and atmospheric temperature) and water 
sprayed gently. All exposed surface of masonry shall be kept moist for a period of 14 days. 

q) Note: Joints on the exposed face of all stone masonry shall be neatly finished. The mortar in 
the joints of stone masonry shall be raked (viz removed) to a depth of  25 mm to 30 mm, 
washed with water and cleaned of all loose mortar. Thereafter, the joints shall be filled with 
cement mortar of 1:2 proportion viz 1 part of OPC and 2 parts of sand by volume or of 1:3 
proportion. 

 
3.5.2.1 Quality Control Tests: Compressive strength tests of mortar cubes shall be conducted. A 

minimum of 3 test specimens shall be made from each type/class of mortar (viz 1 :5; 1 :4; 
1 :3) and tested for their 28 days strength. The acceptance criteria of compressive strength 
of 1 :5; 1 :4; 1:3 mortar types is 50 Kg/cm2; 75 Kg/cm2; and 100 Kg/cm2 respectively.  

 
3.5.3 Important Requirements of Masonry Construction: 

a) Clean the old masonry surface prior to starting of new masonry with wire brush. 
b) Do not place mortar which is too fluid viz which bleeds excessively. 
c) Prepare the mortar with sand and not with gravel. 
d) Surface of masonry shall be rough to secure good bond between the successive courses/layers 

of masonry. 
e) Prepare the mortar, preferably, in a mechanical mixer, and only such quantity of mortar shall 

be prepared at a time as can be completely used within 30 minutes.   
f) Provide contraction joint at intervals of 15 meters. 
g) In the masonry walls, against the back-fill, provide 100 mm dia weep holes at above 1.5 m 

intervals, both vertically and horizontally in a staggered way (or as shown in the drawing) 
with inverted filters on the back-fill side in an area of 400 mm x 400 mm. Weep holes could 
be PVC pipes of 10 cm diameter. 

h) Cure the masonry for 14 days. 
i) Not more than 0.60 m high masonry be raised in a day. 
j) Record the actual consumption of mortar in the construction of masonry every day. For a 

good masonry, average consumption of mortar per m3 of masonry shall be 0.40 m3 viz 40% 
with a variation of + 3%. 

k) Proper gauge boxes shall be used in proportioning of cement and sand by volume. Volume of 
cement may be reckoned on the basis of 0.034 m3 per bag of cement of 50 kg viz 1.20 cubic 
ft per bag. 

l) 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 shall be at least 2 ½ minutes; and in manual 
mixing, it may be extended to 3 ½ minutes.   
The first batch of mortar at the commencement of work with any mix shall be made richer by 
mixing 10% more cement. 

 
3.6. STONE PITCHING/REVETMENT / RIP-RAP 
 

3.6.1 It is a common practice to use stone revetment/pitching/rip-rap for the protection of channel 
banks, river banks and also in short reaches upstream and downstream slopes of earthen 
dams/embankments.. 
In order that the stone pitching/revetment/rip-rap remains stable, durable and functional 
following guidelines/requirements should be implemented: 

 
a) The quality of stones shall be as out lined in item no. 5 (Stone Masonry Works). Stones 

bigger than 20 cm shall be preferred. 
b) The subgrade/slopes on which stones are to be laid shall be smooth and well consolidated. 

Under no circumstances shall the stones be placed on a loose subgrade. 
c) Compactor or hand rarnmers shall be used for compaction of the subgrade; a thorough 

consolidation is needed to avoid any subsequent settlement of stones which could cause 
collapse of pitching. 

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

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

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

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

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

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

j) Revetment shall be properly anchored to the sub grade both at the upstream end where it 
commences and also at the downstream end where the revetment ends by providing keys 
into the slopes. (Sketch on Page No.70) 

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

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

m) Reference be made of the following Table for broad guidance: 
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  Thickness of Revetment in mm  
 900 mm 750 mm 600 mm 450 mm 300 mm 

900 mm + 750 mm + 6OO mm + 450 mm + 300 mm + 
300mm = 300 mm = 300 mm = 150 mm = 150 mm = 

Thickness of revetment 
including filter 

1200mm 1050 mm 900 mm 600 mm 450 mm 
Maximum size of stone 
in cubic meter (m3) 

1.0 m3 0.50 m3 0.25 m3 0.125 m3 0.031 m3 

Minimum size of stone 
in cubic meter (m3) 

0.003 m3 0.003 m3 0.003 m3 0.003 m3 0.003 m3 

 
3.7. PROVISION OF PROTECTION UPSTREAM & DOWNSTREAM OF    

STRUCTURES 
 
 

3.7.1.It is essential to provide protection in short reaches both upstream and downstream of 
structures to avoid any damages occurring to the structures through flow of water. The types 
of protection include: dry stone revetment; stone masonry walls; grouted stone revetment; 
concrete lining on slopes; or concrete walls. The designers shall decide the type of protection 
(or selective protection, as it is called) proposed to be provided depending upon the 
availability of requisite material and overall economy.  

 
3.7.1.1.The extent of selective protection shall conform to the following broad guidelines: 

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

      (viz upstream and downstream of falls, aqueducts, siphons, superpassages etc.) 
i Small channels/Distributaries: Extent of selective protection may be in 3 m reach 

upstream and in 5 m reach down stream of structures, or as decided by the Design 
Wing. 

ii  Branch canals: Extent of selective protection may be in 5 m reach upstream and in 7.5 
M reach downstream of structures, or as directed by the Design Wing. 

(b) Where "fluming" of channels is not involved (viz bridges, super-passages where fluming   
is not involved). 
i Small channels/Distributaries: Extent of selective protection may be in 3 m reach both 

upstream and down stream of structures. 
ii  Branch canals: Extent of protection shall be in 5 m reach both upstream and 

downstream, or as decided by the Design Wing. 
iii  Except for the dry stone revetment. anv other tvpe of protection from amongst the 

types outlined above can be provided. 
iv  In each case, toe walls must be provided at upstream 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 are in bad shape. The channels have lost their design 
profiles, banks have eroded, beds are silted, and channel sections have widened in several 
reaches. Following Action Points are to be implemented and requisite provisions made in the 
cost estimates: 

a) Jungle growth in the channel prism be removed. Detailed surveys be carried out; L – 
sections and Cross – Sections be plotted; and the quantum of earth work needed for re-
sectioning & strengthening of channel sections to bring these to the designed profiles 
determined. This is an essential step. Detailed Surveys have still to be undertaken by 
the field engineers. 

b) For re-sectioning / raising / strengthening of existing earthen channel sections, 
provision is to be made for benching the slopes in suitable steps, earth fill placement in 
layers, watering, and mechanized compaction with appropriate compaction equipment 
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(Viz 8 – 10 T Power Roller, 1 m wide Power Roller, or Fuel – Operated Vibratory Plate 
Compactors)   depending upon the site situation and availability of space.  

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

d) Provision for regrading the channel banks be made and a cross slope, say 1:80, 
provided towards the rear side. 

e) In Small Section Channels, provision for “cut & fill method” may be made in order to 
achieve effective compaction, as is outlined below. “The channel section is excavated, 
say, in 500 m long reach; earth fill is placed in layers in the full section, watered (as 
required), and each layer compacted to 95 % Proctor  Density through deployment of 8 
– 10 ton Power Roller, vibratory Power Roller / 1 m wide drum Vibratory Power 
Roller. This process of compaction is continued right up to the top of designed section. 
There – after, the compacted section is scooped out to the proposed designed section 
and the scooped earth re-handled for use in the next reach taking into account some 
wastage during   re-handling. 

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

  

3.8.1.1. Table 1 A: Thickness of CNS layer in canals carrying less than 2 Cumecs        (70 Cusecs) 

Thickness of CNS layer in Centimeters (minimum) 
Discharge Cumecs 

(Cusecs) Swelling pressure of  

BC Soils (50 – 150 )KN/m
2 

Swelling pressure of BC Soils  

more than 150 KN/m
2  (1.5 Kg/CM

2) 

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 1 B: Thickness of CNS layer in canals carrying more them 2 Cumecs  

       (70 Cusecs) 

 

Swelling pressure of BC Soils KN/m
2 

(Kg/CM
2) 

Thickness of CNS layer in 
Centimeters (minimum) 

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 maximum allowable swelling pressure of  10 
KN/m

2 (0.10 Kg/CM
2) when tested in accordance with Indian Standard, IS : 2720 (Part 41) – 

1977. 
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CNS soils are to broadly conform to the following range: 

·  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 than 30%  

 

Note: In order to asses the extent of provision of CNS in the cost estimates for the treatment 
of sub-grade in swelling BC soils, it is essential to determine the swelling pressure. 
Accordingly, a “crash program’ needs to be launched for getting the representative 
soil samples tested for their swelling pressure from the soil testing laboratories. 

Cost estimates can be firmed up only if the “Swelling Pressures” are got determined 
and borrow areas for obtaining CNS soil are identified. 

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

3.8.2. Model Sections in Unlined channels:  

In the irrigation channels proposed to be left Un-lined, “model sections” of either stone 
masonry or concrete (± 30 cm x 30 cm) should be provided at intervals of  say, 50 m, and at 
closer spacing in curved reaches. (The spacing be decided in consultation with the Chief 
Engineer). 

3.8.3. Excavation of Tank Bund for Reconstruction of Irrigation Sluices :   

When any irrigation sluice is to be re-constructed, portion of earthen embankment on either 
side of the sluice is required to be removed right up to the bottom of the sluice / sluice barrel. 
Provision should be made in the cost estimate for excavating the existing embankment to a 
slope of at least 3 (H): 1 (V) on either side of the sluice, benching of the excavated slope; and 
finally compaction of earth fill placed in layers to specified density after the new sluice is 
constructed. Effective bonding of new earth fill with the 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-reinforced cement concrete lining. Thickness of lining 
may conform to either the Indian Standard, IS 3873 – 1993 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 ½ inches. 
500 – 1500 Cusecs 3 inches 
1500 – 3500 Cusecs 3 ½ inches 
3500 – 7500 Cusecs 4 inches 

7500 – 20,000 Cusecs 4 ½ 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 – 1 m 50 – 60 mm 
5 – 50 (175 – 1750) 1 – 2.5 m 60 – 75 mm 

50 – 200 (1750 – 7000) 2.5 – 4.5 m 75 – 100 mm 
200 – 300 (7000 – 10500) 4.5 – 6.5 m 90 – 100 mm 
300 – 700 (10500 – 24500) 6.5 – 9.0 m 120 – 150 mm 

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

 
3.9.3. Cement :  

 
43 Grade or 53 Grade Ordinary Portland Cement conforming 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 alternate wetting and drying during its functioning or 
working life, comes in the category of severe exposure condition as per Indian Standard, IS 456 
– 2000. Accordingly, provisions of a minimum cement level of 250 kg / m3 of concrete mix be 
made in the cost estimate of CC lining from “durability consideration”. 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 size (MSA) of 20 mm, down graded to IS 
grading is to be used in the concrete mix for 70 mm – 75 mm thick CC lining. 

 
3.9.6. Air Entraining Agent (AEA) : 

 
Provision for using AEA in the concrete mix for CC lining, be made in the cost estimate. 
Concrete mix with AEA affords more “durability”, as well as better “workability (viz. fluidity)” 
and better “finish”. 
 
Graded fine and coarse aggregate are to be used in the concrete mix and any slight deviation in 
the requisite grading is compensated by air – entrainment in the mix by adding AEA. 
 

3.9.7. Contraction Joints :  
 

As a thumb rule, the spacing of both the longitudinal and transverse contraction joints should 
not normally exceed 36 times thickness of lining 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 spacing 

 
If the perimeter of canal section is less than 6.0 m, no longitudinal contraction joints are to be 
provided. However, transverse contraction joints across 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 lining, as being placed, is of paramount 
importance. One of the most effective methods comprises of deploying a “vibratory plate 
device”, operated by a fuel – operated motor.  Such a device 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 when the concrete is still plastic. At the time of 
filling of the grooves with the sealing compound, these 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 cement concrete lining. Any slackness in curing or in 
adequate curing shall weaken the lining and cause its early deterioration / cracking. Fool – 
Proof curing is a MUST. In case adequate water – curing of both the bed and side lining is 
assured, it is ideal. Alternatively, provision should be made for curing of bed lining by water 
(though construction of small height earthen bunds and ponding water) and the curing of side 
CC lining by application of “membrane – forming curing compound” to ensure     fool – proof 
curing.  
 
The curing compound should be white pigmented of approved quality conforming to ASTM – 
C – 309 – 81 Type – 2. This should meet the requirement of water retention test as per ASTM 
designation C – 158 – 80. Loss of water in this test is to 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 the bleeding water or shine on the concrete surface 
disappears, leaving dull appearance. This is when there is no longer free moisture on the 
surface. If applied too early, the free moisture will prevent the compound from forming a 
moisture – proof film. If applied too late, some of the moisture will have already been lost that 
should have been retained. The proper time range will very from about 30 minutes to 2 hours 
after placement of lining depending upon humidity and temperature. Uniform coverage of 
curing compound is very important. A good skill is needed when it is to be hand sprayed with a 
nozzle. The dosage of curing compound, sprayed on the lining 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 placed must be well consolidated, hard, and 
smooth. Any surface irregularities should be within the 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 

 
3.10.1.Presently, there is no measuring structure on any of the canal distribution network. The 

existing sluice structures are not calibrated to indicate the quantum of flow in the off-taking 
channels. Neither there is any measuring device downstream of the Regulating Division 
Dams.  
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3.10.2. Provision of CTF (Cut – Threat Flumes) in fibre glass reinforced plastic (FRP) material with 
“hold fasts” to be embedded in the concrete structures should be made in the cost estimates. 
Such a flume has engraved gauge marking in centimeters as well as in litres per second. 

 
3.10.3. A large number of CTFs have been constructed in the SRBC distribution system of AP III 

project. Designs / Drawings and data on cost estimates be obtained from SRBC engineers. 
 

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

 
3.11. GABION STRUCTURES 

 
3.11.1. Construction of “gabion structure” proves very effective in earth control, and soil 

conservation. Gabions can be very usefully used in stream training works and for 
controlling erosion of earth. Where the outflow channel downstream of a weir poses a 
serous problem of slippages of earth, gabion retaining wall provides a practical solution to 
control such slippages. 

 
3.11.1.1. Specifications:  
3.11.1.2.ASTM Designation:  

A 975 – 97 outlines the standard specifications of “double twisted hexagonal mesh 
gabions”. Particulars about the mesh type and wire diameter 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 container of variable sizes, uniformly 
partitioned into internal cells or diaphragms, inter – connected with other similar units, and 
filled with stones at the work site to form “flexible, permeable, monolithic structures such 
as retaining walls, revetments etc,.  
 
The gabion shall be fabricated “Maccaferri” type or equivalent supplied by an approved / 
reputed manufacturer.  
 
The stones used should have a minimum size of not less than the mesh width, as shown in 
Sketch 3. D is the distance between the axes of the twists. 

3.11.1.4.Important Points in Gabion Works: 
a) Stones to be used shall be of good quality viz hard & free from soft seams or of any 

disintegration features. 
b) Stone size shall range from about 200 mm to300 mm. Stone size of 350 mm shall be 

preferable. 
c) Use of small stones shall be restricted to the maximum feasible extent of fill the voids 

between bigger stones. Such small stones shall have a minimum size of not less than D, 
where D is the specified mesh width. 

d) The Gabions and Mattresses shall be flexible galvanized gabions with the mesh panel 
wire of 3.0 mm dia, and shall be Maccaferri type or equivalent, and shall be procured 
from reputed agencies. 

e) Foundation for each Gabion shall be free from depressions and protrusions. Any 
depressions are to be filled with suitable soil / gravel, moistened and consolidated. The 
protrusions are to be struck and leveled. Tolerance for surface irregularities shall not 
exceed ± 6.25 cm. 

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

g) Where more than one layer of Gabions is to be laid, these be placed with a minimum 
step of 0.15 m between the faces of the lower and upper Gabions Boxes. In high walls, 
a step of 0.50 M shall be appropriate.  
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h) All Gabions shall be connected to each other along corners with – Lacing, the wire to 
be passed through each mesh making a double twist every other mesh. 

i) Careful attention shall be given to the filling operation to ensure that the stones are 
placed evenly in the baskets with minimum voids in between. Smaller stones shall be 
hammer wedged into the voids. All external stones shall be of big size, preferably of 
200 mm – 300 mm size range. 

j) The stone to be used for the top layer of Gabion Boxes shall have a flat surface to 
ensure that the wire does not rest on sharp corners of stone if these are not flat. 

k) Bracing wires shall be used as per Manufacturer’s instructions in the Brochure. 
l) A Gabian shall not be completely filled until the adjacent basket has been half filled in 

order not to cause displacements / bulging during filling.  
m) Before filling, adjacent baskets shall be secured together with steel lacing wire, duly 

galvanized. 
n) Gabion walls shall have a vertical face, not exactly Vertical, but shall be given a slight 

angle to the vertical (Say 1.0 horizontal to 10.0 Vertical). This shall be achieved by 
sloping the foundation accordingly. This shall take care of the effect of back-fill 
pressure & also of the settlement/consolidation of the foundation. (Sketch Page No. 72) 
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CHAPTER – 4. 
 
 

Guidelines on Engineering Design, Construction and Quality Control: 
 
4.1.The Minimum Rehabilitation of minor irrigation schemes cover earth dams/bunds, sluices 

including shutters, surplus weirs, irrigation channels including structures there-on and feeder 
channels. In view of the large scale spread-out of works in 17 districts of 3 regions, it is essential 
that the implementation of remedial measures conforms to acceptable standards and that there is 
optimum uniformity in the adoption of technical specifications for execution of rehabilitation 
works in the various regions. The objective should be to make the respective components safe and 
of improved functioning capability within the Specified permissible funds by carrying out the 
rehabilitation to the extent considered absolutely essential through judicious prioritization of 
works. Whatever rehabilitation/repair work is to be done it should be in accordance with 
acceptable standards and specifications and in this context the following broad guidelines are 
listed, which can be supplemented with the relevant Indian 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, care shall be taken to ensure proper bonding 

of the freshly laid soil with the old embankment. Accordingly, all bushes, vegetation, roots, 
trees etc. from the existing portion of embankment proposed 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 shall be benched in steps of 30 cm /45 cms, 

preferably 30cm 
 

4.1.3.Placement of Earthwork and Compaction:  
a) Being homogeneous section, proper type of soils, (GC, OM, SC, SM, CL soils) shall be 

used. Accordingly, representative samples of soils proposed to be used as earth-fill shall be 
first got tested from APERL, Hyderabad or other reputed institution for their suitability. 
CDO shall also be apprised of the test results for review and advice, if any. Use of any other 
soils be done only after approval from CDO. Grain size analysis for classification be got 
done to know the classification of soils 'proposed to be placed in the embankment. This is 
very important. 

b) Earth-fill shall be laid in suitable layers not exceeding 30 cm for power roller compaction. 
Clods shall be broken to 7.5 cm. Any roots,' grass and rubbish shall be removed from the 
fill. Cobbles/gravels/boulders of size more than 7.5 cm shall also be removed. 

c) In case initial water content in the soil is less than the optimum moisture content, water 
shall be uniformly sprinkled over the freshly laid layer before compaction. 

d) Compaction of earth-fill layer shall be done by 8-10 Ton Power Roller. Following criteria 
for control of compaction be adopted. 

 

Type of 
Material 

% of+ No.4 
fraction by dry 

wt. of total 
material 

Minimum 
acceptable density 

(D) 

Desirable average 
Density 

(D) 

    
Cohesive 0-25 D=95 D=98 
Soils controlled by the 
Proctor test 26-50 D=92.5 D=95 
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Or a general acceptance criteria of 95% of Proctor density at OMC be adopted. 
 

a) Where space is not sufficient for deployment of Power Roller for compaction, earth-fill be 
laid in- layers of 15 cm and compacted either by the fuel operated bed compactor . 

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

 4.1.4. Revetment and Gravel Cover 
 

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

 
b) 150 mm thick gravel cover be provided over the top of embankment (if needed) for 

movement facility. 
 

    4.1.5.  Tests and Frequency of Testing on Soils 
 
 
Test Frequency 

Standard Proctor Test One test per day for individual Borrow 
Area 

Field Density & Moisture Content 

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

 
4.1.6. Register to be Maintained: 

 
A register shall be meticulously maintained to list the above tests and the test results 
including the actual compaction efficiency obtained in each layer. It shall also list the 
results of grain size analysis on classification of soils indicating the type of soils determined 
to be suitable for p1acent in the earth-fill. 

 
4.2.  Irrigation Channels : 

 
   4.2.1. Earth Sections 

a) Channels shall be restored to the designed earthen sections in optimum possible reaches. 
 

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

 
c) It shall be appropriate to construct Model Sections in RR stone masonry (+_60m width) at 

suitable intervals, say, one at every curve and at 50 to. 75m intervals in straight reaches. 
This shall be highly useful in maintaining the profile of the earthen channels. 

 
 4.2.2 Lined Sections - Selective Lining: 

 
Channels shall be lined only in such locations/reaches where it becomes absolutely 
essential as dictated by the site conditions. Such selective lining shall be taken up only 
with the concurrence of the concerned Executive Engineer who shall also approve the 
hydraulic design as well as the type and design of lining. 

 
4.2.2.1 Plain Cement Concrete Lining: 

 
  Thickness of lining. It shall be provided as per following Table: 
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  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 

 
 

a) Cement level  From durability consideration, cement level shall be 250 kg/m3 of 
concrete, viz the mix design shall be higher than M10 concrete (between M 10 
and M15). 

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

 
c) Side slopes:  In the locations where unlined reaches are proposed to be converted 

into lined ones. (for selective lining), the side slopes be preferably kept as 1.5:1 
but not less than 1.25:1. 

 
d) Coping:    Horizontal concrete coping or key shall invariably be provided at the 

top of lining. 
 

e) Concrete placement:   Conventional concrete placement (viz. manual 
placement) sha1l be in alternate panels of up to 3m in length. Maximum size of 
graded coarse aggregate shall be restricted to 20 mm. 

 
f) Sand: It shall be clean and free of silt, clay etc. It should not have  injurious 

amount of organic impurities. Fineness modulus shall not be less than about 2.2. 
Recognizing that sand is a very important constituent of concrete mix, as well. As 
of cement mortar, field staff (Work Inspector/Assistant Engineer/Assistant 
Executive Engineer) shall do the following test to determine suitability of sand: 

g) Quick Colour Test to be conducted by field engineers at site to determine the 
suitability of sand in    respect of any injurious amount of Organic 
impurities. 

h) Sand shall be tested with 3% solution of caustic soda, called. colour test. 
 
i) A colour less liquid shall indicate clean sand free from organic matter. 
 
j) A straw coloured liquid indicates presence of some organic matter but not enough 

to be objectionable. 
 
k) A dark colour means that the sand contains injurious amount and, accordingly, it 

is not to be used unless it is washed and a re-test shows 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 curing of lining Bed 
lining be cured through ponding of water by providing small earth bunds. For curing of 
side lining, gunny bags be placed on slopes and kept wet. 28 days curing is desirable 
but the first 14 days of curing is very critical and must be ensured without any 
interruption whatsoever. 
Note:     Porous concrete plugs of 100mm dia may be provided in each panel of 3m 
width, as Under drainage, wherever considered necessary. 
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4.2.3. Tests and Frequency of Testing: 
 

Test Frequency of testing 

 1 ) Sand  
 (i)  Sieve analysis for fineness  
  modulus and gradation. 

 
One test for every 150 m3 (or less) sand to be 
used in concrete mix. 

 (ii)    Bulkage of sand Once in a shift or for every consignment. 

 (iii)       Organic impurities in sand. One in a shift or for every consignment . 

 2 ) Coarse Aggregate 
 Screen analysis for gradation 

One test for every 150 m3 (or less aggregate to 
be used in concert mix. 

 3 ) Water for suitability of use in 
concrete. 

One test from each source of water n a working 
season. 

 
In addition, slump tests of concrete be taken regularly. 

 
4.2.4. Register to be maintained: 

A register shall be maintained to list the above tests and their results. 
 

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

Stones 
 
a) Stones to be used for lining shall have a reasonably uniform size with 'the designed 

dimensions and shall conform to specifications. Stones shall be brought from the quarries 
approved by the Engineer. 

b) Individual stones shall be sound, hard, and durable and capable of sustaining weathering 
and water action. Those shall be free from laminations, soft spots, seams, and other 
defects. When immersed in water for 24 hrs, the stones shall not absorb water more than 
about 5% of their dry weight. 

 
       4.2.5.1. Laying of Stone Lining: 
 

a) Both bed and slopes of the channel shall be divided into panels for laying stone masonry. 
The panels shall have dimensions of, preferably, not more than 10m along and across the 
centre line of channels (minors/distys). This may be increased to 15 m for bigger capacity 
channels. 

b) While laying the stones, care shall be taken to lay binder stones of size 20 cm x 20 cms x 
60 cms or 22.5 cms x 22.5 cms x 60 cms on either side of expansion pint joint at 
10.0m/15.0 meters centers. 

c) To guard the lining from building up of pore-pressure that may cause damage to the lining 
in gravelly soils, porous no-fine concrete slabs (of size 20 cm x 20 cm x 20 cm) be 
provided in stone masonry. In small channels, such a slab be provided at half the full 
supply depth at 5m centers. No-fine concrete shall consist of 1 part of cement and 4 parts 
of coarse aggregate of maximum size not exceeding 20 mm. No sand shall be used. To 
guard the lining from any pore pressure in cohesive soils, perforated pipes of 75 mm dia 
be provided with a filter (of sand, gravel) backing. (CDO be consulted for specific 
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provision of above under-drainage arrangement) consist of 1 part of cement and 4 parts of 
coarse aggregate of maximum size not exceeding 20 mm.  

d) Cement-Sand mortar shall be used within 30 minutes of the preparation of mortar. 
e) Hand mixing of mortar shall be done on smooth water-tight plat form,(if mechanical 

mixer cannot be deployed).  
f) Field colour test of sand shall be done for presence of any organic impurities. Maintain 

good line and grade viz. workman ship, while laying the masonry. 
g) Horizontal coping (or key) shall be laid at the top of lining. 
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 lean concrete foundation shall be considered for 
construction only in specific locations where there seems to be no alternative due to peculiar site 
conditions. 
To achieve the objective of minimum rehabilitation of Irrigation Channels conforming to 
acceptable engineering principles, careful decision shall need to be taken on the adoption of a 
particular type of lining or a combination of types of lining from amongst the three types of lining 
outlined above depending upon the site situations. The type and extent of such “Selective Lining”, 
shall be decided, by the respective Superintending Engineer of the region taking into account all 
the relevant factors. It shall be appropriate to restore the channels to the designed earthen sections 
to the optimum extent possible. 
 
Note: In case of expansive soils associated with swelling pressures, 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 combination of the following types of damages: 
Damage to pointing of joints in the body wall leakages through the bottom of weir and leakages 
through the body wall of weirs; pot holes in the solid apron ; and damage to the talus portion etc. 
Broad guidelines on repairs to these damages are outlined below: 

 
4.2.7.1. Damage to Pointing of Joints: 

 
a) All loose mortar shall be removed from the affected joints. 
b) Raking of all such joints shall be done to a depth of 25 mm. 
c) The joints shall be thoroughly cleaned with Water (or air jet). 
d) Prepare the cement-sand-water mortar of specified grade on a smooth water tight. platform 

making sure that no foreign material gets mixed with mortar nor the mixing water flows 
out. Dry sand and cement shall be mixed thoroughly by turning over to get a mixture of 
uniform colour. Water, shall then be added, gradually and mixing continued until mortar of 
required consistency of 90 to 100 mm is obtained. 

e) Keep the cleaned up and raked up joints moist for about 2 to 3 hours before filling 
f) these with the wet mortar 
g) Ensure that the wet mortar is used to fill up the joints 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 leakages from the body wall, it may be appropriate 
to provide either external plastering or skin wall of concrete to the upstream body wall of 
weir.   

4.2.7.3. External plastering: After the hollow Joints in masonry are duly filled up as per guidelines 
outlined in (a) above, these be kept moist (viz.. cured 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 done to improve the bond of plaster. 
b) The surface shall be moistened sufficiently. 
c) Plaster of 20 mm thickness and of specified grade shall than be applied to the surface from 

top and worked down. The mortar shall be stiff enough to cling to the surface and hold when 
laid. 

d) At the end of the day, the plaster shall be kept in a clean horizontal or vertica1line. 
e) When recommencing the work on next day, the edges of old plaster shall be scrapped clean 

and wetted and treated with cement slurry before the new plaster is laid adjacent.  
f) Water-curing of plastering shall be done uninterruptedly for 14 days. 
g) Any cracks which appear on the surface and all such portions which sound hollow when 

tapped or found soft or otherwise defective shall be cut in rectangular shape and redone 
 
4.2.7.4. Concrete Skin Wall: 
 

Provision of concrete skin wall shall provide a water-tight barrier and stop all leakages 
through the weir. Typical construction of this wall is illustrated in the enclosed sketch  (Page 
No.54 ) and its salient features are outlined below: 

 
·  - grade of concrete      : Ml5 (with 20 mm maximum size of aggregate 
·  - thickness of concrete       : 200 mm( 150mm for smaller heights, say upto 1.5m) 
·  - thickness of concrete       : 300 mm (200mm for smaller heights) at bottom  

- reinforcement in 
·  skin wall          : 8 mm dia at 200 mm centres in both directions 
·  - anchor bars         : 16 mm dia (as shown in sketch) 

 
The skin wall shall be anchored with top of weir by removing the top one layer of existing 
stone. The wall is to be taken below upstream ground level/apron level to a depth of 450 mm 
(or 600 mm) and width of 600 mm (or 900 mm) throughout the length weir, depending upon 
the height of weir. The shape of crest shall not be changed. 

Specifications : 
 

a) Joints in the existing masonry be raked to a depth of 25 mm. 
b) Roughen the surface through manual chipping or pneumatically operated tool. 
c) Keep the surface after raking of joints and roughening of surface wet for 72 hours prior to 

placement  of  skin concrete (Ml 5)  
d) A coat of cement slurry with cement – mortar mix (1 :2.5) with water-cement ratio of 0.70 be 

applied over the masonry surface, with joints thoroughly packed. 
e) 50 mm dia holes be drilled in the masonry and clean holes by air-water jet.  
f) Cement sand mortar (1:2) .with water cement ratio of about 0.33 shall be pushed into the drill 

holes while the holes are still wet after cleaning. Then 16 mm dia steel anchors be pushed in. 
Drill holes for anchors shall have an inclination of 5 degrees with the horizontal downwards 
into the body wall. 

g) Concrete placement shall be done in convenient lifts and deploying good shuttering. Slump of 
concrete may be in the range of about 50 nun and needle vibrators used for consolidation 

h) Curing of concrete wall be done for 28 days. 
i) In cases where the leakages are through the bottom of weir, the provision of skin wall may not 

be taken to the full height of the weir, but be restricted to about 0.60 m to 2 m. Fine-tuning or 
any modifications if considered necessary be got done through. 

 
4.2.8. Damage to Apron: 

 
In case the damage to the apron consists of only few pot holes and the rest of the apron is 
generally alright, it shall be appropriate to clean the pot holes, chip the sides wherever necessary 
and fill up these with plain cement concrete of M 7.5 grade (equivalent to 1 : 4 : 8) duly 
consolidated. In the context of the minimum rehabilitation concept such treatment is considered 
to be adequate. 
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4.2.9. Irrigation Sluices: 

 
a) Repairs to the damaged irrigation sluices their improvements shall be accorded the 'top 

priority '. This shall also include replacement of existing plugs with screw gear-operated steel 
shutters. 

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

c) In case the situation is such that repairs to the whole of sluice barrel is contemplated, it shall 
require 'open cut' of embankment /  earthen dam on either side of the barrel in order to expose 
the entire length of barrel. Cutting shall be done in suitable benching at ½:1or flatter slope if so 
warranted . 

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

 
4.2.10. Construction Quality Control and Quality Assurance: 

 
Construction quality implies that the jobs be done to recognized standards through meticulous 
implementation of quality control and quality assurance parameters associated with the 
prescribed technical specifications and design. The proposed 'minimum rehabilitation of minor 
irrigation schemes' involves works to be carried out in 2,934 tanks located in 17 districts. 
Rehabilitation of 2798 tanks is proposed to done by direct contracting (the cost of each tank-
being less than Rs.l.2 M) and the balance 186 tanks through NCB procedure (the cost of each 
tank being more than Rs.l.2M recognizing that the job network is of a very wide spread-out, it is 
of paramount- importance that a practical and result oriented quality control / quality assurance 
mechanism is established to ensure that whatever rehabilitation is done should be durable and 
sustainable. In this context the following suggestions are made 

 
4.2.11. O.K. Card System: 

It provides a very useful mechanism for enforcement of specifications and achieving quality 
construction. Each work is subdivided into various activities in proper sequence of construction 
and are listed in chronological order of occurrence on the O.K.Card. Broadly an OK Card is a 
condensed form of specifications and essential requirement for achieving requisite 
workmanship and quality level of output  This system is in use on AP III project and is proving 
very useful. According to the OK Card system should be introduced forthwith on the 
rehabilitation of minor irrigation schemes as well. Likewise, O.K. Cards other works be 
prepared. Essential requirements relating to this system ,proposed for implementation the minor 
irrigation schemes are listed below: 

 
a) Entries in the OK Card shall be in English as well as in the local language (Telugu) 
b) First column in the OK Card against the various activities shall be filled by Work 

Inspector(WI). The second column shall be initiated by Assistant Engineer/Assistant, 
Executive Engineer with his dated signature against all the items. In case of absence of WI the 
first column shall be left blank, but AEI AEE shall fill the second column. 

c) Authorization of commencement of any activity and/or OK of any activity shall be governed 
by the OK recorded by AE/ AEE-in the OK card. 

d) Deputy Executive Engineer shall record his observations / comments on OK Card during his 
visits to the Work. 

e) Executive Engineers/Superintending Engineers during their inspection of works shall check 
these cards and record their comments, if any, on them. 

f) OK Card for each component shall be in duplicate, so that one card is given to the 
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WUA. 
g) After the particular part of the Work is completed, the OK Card related there of, shall be filed 

in the Office of Executive Engineer, as a permanent record. 
h) Work Inspectors: It shall be appropriate to effectively involve Work Inspectors both on 

construction and quality control of works. It is agreed with GOAP that through deployment, 
adequate number of Work Inspectors' shall be shifted to minor irrigation schemes. It will be 
good if for every tank there is one Work Inspector. 

i) Mobile Testing Laboratory System: Laboratory system forms a very important link of the 
project organization for quality control / quality assurance. It shall be highly expedient and 
result-oriented if 6 metador vans are procured by GOAP and converted into 'mobile testing 
laboratories duly equipped with essential testing equipped with essential testing equipment 
Each region shall have two such mobile labs under the respective Superintending Engineers.  
This shall enable quick on-the- spot testing of inputs and outputs (viz. soils, aggregates, 
concrete, compaction etc:) and shall help in expediting the job as well. 

j) Technical Consultant: For ensuring effective construction supervision as well as quality 
control, it is agreed that 18 technical consultants (say retired superintending engineer/senior 
executive engineer), one each for 17 districts where the minimum, rehabilitation works are 
proposed in the tank schemes and one at the state level in the office of the Chief Engineer 
(Minor Irrigation), having requisite expertise and aptitude be recruited and posted to work 
during the working season (December to July). The technical consultant shall visit the works 
in the concerned region and oversee both the construction and quality control aspects of 
works. He shall also conduct requisite tests with the help of testing equipment available in the 
mobile laboratory. He shall get any deficiency observed by him duly set right He shall furnish 
his 'observation and action-taken report' to the concerned S.E./C.E. Towards the end of the 
working season, the Technical Consultant shall compile a comprehensive report covering 
maintaining of OK Cards maintaining of embankment register implementation of guidelines 
and specifications no of various tests conducted and the test result obtained a summary of his 
field visits to works, his observations and comments and .status of their  compliance by field 
engineers  and his overall assessment of the quality of work. This report shall also be sent to 
the Chief Engineer 

k) Training:  In respect of rehabilitation of works on earthen dams/bunds field tests on 
classification of soils, proposed to be brought from borrow areas for placement on bunds, are 
extremely important. In this context,  soil experts from APERL, Hyderabad should impart on-
job training .to  Work  Inspectors, Assistant Engineers Assistant Executive Engineers, and 
Deputy  Executive Engineers in each district headquarters and at other suitable places;/ 

l) Workshops & Discussion Sessions: The respective superintending Engineer of each region 
should hold workshops and convene discussion sessions: to make WI's, AE's, AEE's, DEE's 
and EE's fully' conversant with the technical specifications guidelines on design and 
construction and, the OK Card System. 

 
 
 
 
 
 
 





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 together have the capacity to irrigate some 1.5 million 
hectares of land. 11,277 of M.I scheme tanks, having a command area of 40 hectares or more, have 
the capacity to irrigate 1.15 million hectares. However, mainly because of deficient maintenance, 
most of the tanks are functioning at a low efficiency level and, consequently the irrigated area has 
declined from about 1 million hectares in 1990 to about 0.50 million hectares in 2004. Faced with 
this grim situation, GOAP has initiated a comprehensive community based tank project with the 
assistance of World Bank in Minor Irrigation Sector with an objective to improve tank systems and 
strengthen community management of these selected systems. Comprehensive rehabilitation of 
about 3,000 Minor Irrigation Schemes through out the State, based on sound technical and 
economic principles. 

 
 5.1.1. Selection of sample Minor Irrigation Schemes. 

Twelve samples schemes have been selected covering the three principal regions of the state 
spread over in 6 districts. The details of these schemes are appended in Annexure – 1 at Page No. 
-------. Rehabilitation and modernizing of the these sample schemes on a comprehensive basis will 
help in evolving requisite principles and guidelines for the cost criteria and technical parameters 
for adoption in the execution of rehabilitation / restoration / modernization works in all the Minor 
Irrigation Schemes. 

 
5.1.2. Field visits to selected M.I Schemes 

The mission made field visits to 11 schemes during the 6 - day period, July 25 to 30, 2006. The 
project team headed by the Chief Engineer, Minor Irrigation, and two Consultants accompanied 
the mission. The mission during visit to various works in each scheme interacted with WUAs. 
The respective field engineers also participated in field visits and discussions. These visits 
enabled the mission to have a fairly broad assessment of the existing physical condition of the 
various civil works components including the shutters installed in the irrigation – Sluice 
structures, and the Regulation Division Dams. 

 
5.2. Broadly, an M.I Scheme comprises of the following components:  

a) Tank bund, Sluice structures, waste / surplussing Weir;  
b) Irrigation canals and Distribution system; and  
c) Feeder Channel. 

 
An Anicut is also a part of an M.I Scheme. 
 
Presently, all these components, by and large, are in a poor state of health and need systematic 
rehabilitation to the respective designs standards in order to make these fully functional. 

 
5.3. Process involved in Rehabilitation:  

The following process is involved to be completed before the rehabilitation works can be under 
taken. 

 
5.3.1 (a) Tank Bund Complex:  

····  In respect of Tank Bund, detailed surveys should be conducted through L – Sections and 
Corss – Sections to work out the earth fill requirement to bring the respective bund to the 
specified design sections. 
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····  Walk – through survey should be conducted on each tank, to identify the various distress 
features requiring rehabilitation measures, such as: settlement of revetment, seepage 
reaches, vulnerable sections, water logged areas downstream of the embankment toe, 
phenomenon of any retrogression occurring at the waste weir, adequacy of out flow channel 
D/S of weir and behaviour of out flow channel including evidence of slippages in the 
channel etc. Inputs from CDO / Dam Safety Panels should form the basis of estimating the 
various quantities. 

 
5.3.1.(b)  Irrigation Canals and Distribution System. 

1). Detailed surveys should be done to determine the quantum of re-sectioning and 
strengthening involved in various channels to bring these to the design standards and the 
quantities of earth work estimated.  

2). In respect of the unlined channels which are proposed to be lined, hydraulic designs 
should be prepared to fix the requisite parameters. Based there-on, the quantities of 
earthwork and lining be estimated. 

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

 
5.3.1( c )Feeder Channels   

Detailed survey be carried out through L – Sections and X – Sections, based on which the 
estimation of re-sectioning / strengthening of these channels can be made. Any vulnerable 
locations needing protection through construction of side guide walls be also identified. 

  
5.3.2 Cost Estimation of Rehabilitation of M.I Schemes 

The execution of rehabilitation works should be in accordance with technical specifications 
conforming to acceptable standards / relevant Indian Standards and sound construction 
procedures as well as deployment of proper construction equipment. Broad guidelines on these 
aspects are outlined below. 

 
5.3.3 Broad Guidelines on Technical Specifications, Construction Procedures, and Critical 
Equipment for Preparation of Cost Estimates. 

 
5.3.3.1. Strengthening of Tanks Bunds 

 
Cost Estimates should be based on the following provisions:-  
 
(a) Complete removal of Jungle growth, bushes, roots, and vegetation growth from  the 

upstream and downstream slopes. 
(b) Proper benching of the existing slope and stripping of the bank proposed to be 

strengthened for effective bonding of the fresh soil placement with old embankment 
and mechanized compaction there – of. Dimensioning of benches  (30 cm x 30 cm or 
45 cm x 45 cm or more) will be governed by the type of compaction equipment to be 
deployed. 

(c) During earth fill placement in layers, extra width of 30 cm or more is to be laid to 
ensure full compaction of designed section. Provision of this extra earth fill, and its 
later trimming to the designed slope, and its re – use is to be made in the cost 
estimate. 

(d) Compaction of earth fill placement in layers to 95 % Proctor density. 
 

Compaction of earth fill is of paramount importance and 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 meter wide vibratory power roller or any 
short drum width vibratory power roller or fuel – operated vibratory plate compactor, 
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depending upon the width available for compaction. (Photo copies of compaction 
equipment are enclosed for illustration) ( Pages 73-79 ) 

 
5.3.4. Designs of Upstream and Downstream Slopes and Top Width of Bund. 

These should conform to Indian Standard, IS: 12169 – 1987 (General Guidelines for 
Embankment Sections). Copy of Table 1 of this Standard is enclosed ( Page No. 67 ). A 
minimum 3.0 m top width of bund is envisaged. 

 
5.3.5. Borrow Areas:  

The earth proposed to be brought from the borrow areas should be got “Classified” 
through relevant tests to determine its suitability for use on the strengthening of tank 
bunds. Cost of “Classification tests” and any other tests be included in the estimates, as 
warranted. 

 
Note:- In case, determination of Maximum Dry Bulk Density (MDBD) and Optimum 
Moisture Content (OMC) is not sometimes easily feasible, these values may be assumed 
as outlined in Table 2 of Indian standard, IS : 12169 – 1987 (copy enclosed) ( Page No. 
68 ) for assessing the compaction efficiency of the compacted earth fill layers. 

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

  
5.3.6. Stone Revetment Rip – Rap on upstream slope of Tank Bund. 

 
In order that the stone revetment remains stable, durable, and functional the following 
guidelines / requirements are to be implemented and provided for in the cost estimates. 

 
1) The sub-grade / slope on which stones are to be laid is to be well consolidated. Under 

no circumstances, the stones are to be placed on a loose sub-grade, as else, the 
revetment would settle and slip. 

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

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

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

5)  Provision should be made in the cost estimate for adequately moistening and 
consolidating the filter prior to the placement of stones. Consolidation can be 
accomplished through the deployment of vibratory plate earth rammer. Alternatively, a 
very convenient and effective method of compaction is to use the thick stems of the 
coconut tree. Three or four persons can go on consolidating the filter layers (duly 
moistened with water) on slope with the thick stems. The process of hand placement of 
stones, commencing from the bottom, should then be taken up. 

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

 
6) A toe protection is to be invariably provided in the form of a key trench / toe wall to 

prevent the sliding of the revetment. The key trench be excavated to a depth of at least 
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1.5 times the thickness of revetment. Width of this trench is to be 2 times the thickness 
of revetment. The stones are to be placed in the key trench and firmly bedded into the 
slope and adjoining stones. 

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

8) Masonry Model Sections (say, ± 30 cm x 60 cm or of any other dimension) be provided 
at specified intervals. 50 m interval may be quite adequate. 

9) Provision for placement of stone revetment up to the TBL should be made. 
 

Provision of key trench, toe-wall, and anchorage are depicted in the enclosed Sketch 2 for 
illustration. ( Page No. 70 ) 

 
 

5.3.7. Re-Sectioning & Strengthening of Canal Sections. 
 

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

 
1) Jungle growth in the channel prism be removed. Detailed surveys be carried out; L – 

sections and Cross – Sections be plotted; and the quantum of earth work needed for re-
sectioning & strengthening of channel sections to bring these to the designed profiles 
determined. This is an essential step. Detailed Surveys have still to be undertaken by 
the field engineers. 

2) For re-sectioning / raising / strengthening of existing earthen channel sections, 
provision is to be made for benching the slopes in suitable steps, earth fill placement in 
layers, watering, and mechanized compaction with appropriate compaction equipment 
(Viz 8 – 10 T Power Roller, 1 m wide Power Roller, or Fuel – Operated Vibratory Plate 
Compactors)   depending upon the site situation and availability of space.  

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

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

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

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

  
5.3.7.1 Table 1 A: Thickness of CNS layer in canals carrying less than 2 Cumecs  

      (70 Cusecs) 
 

Thickness of CNS layer in Centimeters (minimum) Discharge Cumecs 
(Cusecs) Swelling pressure of  

BC Soils (50 – 150) KN/m
2 

Swelling pressure of BC Soils  
more than 150 KN/m

2  (1.5 Kg/CM
2) 

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 B: Thickness of CNS layer in canals carrying more them 2 Cumecs  
                                (70 Cusecs) 
 

Swelling pressure of BC Soils KN/m
2 (Kg/CM

2) Thickness of CNS layer in Centimeters 
(minimum) 

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 maximum allowable swelling pressure of  
10 KN/m

2 (0.10 Kg/CM
2) when tested in accordance with Indian Standard, IS : 2720 (Part 41) 

– 1977. 
CNS soils are to broadly conform to the following range: 

 
·  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 than 30 %  

 
Note : - In order to asses the extent of provision of CNS in the cost estimates for the 
treatment of sub-grade in swelling BC soils, it is essential to determine the swelling 
pressure. Accordingly, a “crash program’ needs to be launched for getting the 
representative soil samples tested for their swelling pressure from the soil testing 
laboratories. 

 
Cost estimates can be firmed up only if the “Swelling Pressures” are got determined 
and borrow areas for obtaining CNS soil are identified. 

 
(i) Provision for mechanized compaction of CNS soil layers to at least 95 % proctor 

Density, though 98 % would be preferable is to be made in the cost estimates.  
 

5.3.8. Model Sections in Unlined channels :  
 

In the irrigation channels proposed to be left Un-lined, “model sections” of either stone masonry 
or concrete (± 30 cm x 30 cm) should be provided at intervals of  say, 50 m, and at closer 
spacing in curved reaches. (The spacing be decided in consultation with the Chief Engineer). 

 
5.3.9 Excavation of Tank Bund for Reconstruction of Irrigation Sluices :   

 
When any irrigation sluice is to be re-constructed, portion of earthen embankment on either side 
of the sluice is required to be removed right up to the bottom of the sluice / sluice barrel. 
Provision should be made in the cost estimate for excavating the existing embankment to a 
slope of at least 3 (H): 1 (V) on either side of the sluice, benching of the excavated slope; and 
finally compaction of earth fill placed in layers to specified density after the new sluice is 
constructed. Effective bonding of new earth fill with the 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-reinforced cement concrete lining. Thickness of lining may 
conform to either the Indian Standard, IS 3873 – 1993 or 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 ½ inches. 
500 – 1500 Cusecs 3 inches 
1500 – 3500 Cusecs 3 ½ inches 
3500 – 7500 Cusecs 4 inches 

7500 – 20,000 Cusecs 4 ½ inches 
 

     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 – 1 m 50 – 60 mm 
5 – 50 (175 – 1750) 1 – 2.5 m 60 – 75 mm 

50 – 200 (1750 – 7000) 2.5 – 4.5 m 75 – 100 mm 
200 – 300 (700 – 1050) 4.5 – 6.5 m 90 – 100 mm 

300 – 700 (10500 – 24500) 6.5 – 9.0 m 120 – 150 mm 
 

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

 
5.3.13 (i) Cement :  

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

  
 (ii) Cement Content and Water – Cement Ratio :  

 
The concrete lining being exposed to alternate wetting and drying during its functioning 
or working life, comes in the category of severe exposure condition as per Indian 
Standard, IS 456 – 2000. Accordingly, provisions of a minimum cement level of 250 kg 
/ m3 of concrete mix be made in the cost estimate of CC lining from “durability 
consideration”. Water Cement ratio is to be restricted to not exceed the range, 0.55 – 
0.60. 

 
 (iii) Maximum size of Coarse Aggregate:  

 
Graded coarse aggregate with maximum nominal size (MSA) of 20 mm, down graded 
to IS grading is to be used in the concrete mix for 70 mm – 75 mm thick CC lining. 

 
iv) Air Entraining Agent (AEA)  

Provision for using AEA in the concrete mix for CC lining, be made in the cost 
estimate. Concrete mix with AEA affords more “durability”, as well as better 
“workability (viz. fluidity)” and better “finish”. 
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Graded fine and coarse aggregate are to be used in the concrete mix and any slight 
deviation in the requisite grading is compensated by air – entrainment in the mix by 
adding AEA. 

  
v) Contraction Joints :  

 
As a thumb rule, the spacing of both the longitudinal and transverse contraction joints 
should not normally exceed 36 times thickness of lining 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 spacing 

 
If the perimeter of canal section is less than 6.0 m, no longitudinal contraction joints are 
to be provided. However, transverse contraction joints across the canal section are to be 
provided irrespective of the extent of perimeter. 

  
vii)  Consolidation of concrete : 

 
Proper consolidation of concrete mix for CC lining, as being placed, is of paramount 
importance. One of the most effective methods comprises of deploying a “vibratory 
plate device”, operated by a fuel – operated motor. This mechanism is depicted in the 
enclosed photocopies for comprehensive understanding and broad guidance of the field 
engineers.  Such a device can also be used for compaction of the sub-grade of small 
section channels. In clause 4.5 B(a) Section 1 of the Bid Document, incorporation of 
such an equipment in the list of key / critical equipment would be needed. 

 
viii) Cutting Grooves for Contraction Joints.   

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

 
ix) Curing of lining. 

 
Curing is the most vital requirement in the cement concrete lining. Any slackness in 
curing or in adequate curing shall weaken the lining and cause its early deterioration / 
cracking. Fool – Proof curing is a MUST. In case adequate water – curing of both the 
bed and side lining is assured, it is ideal. Alternatively, provision should be made for 
curing of bed lining by water (though construction of small height earthen bunds and 
ponding water) and the curing of side CC lining by application of “membrane – 
forming curing compound” to ensure     fool – proof curing.  

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

 
5.3.14. Application of Curing Compound  

 
Curing compound is to be applied as soon as the bleeding water or shine on the 
concrete surface disappears, leaving dull appearance. This is when there is no longer 
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free moisture on the surface. If applied too early, the free moisture will prevent the 
compound from forming a moisture – proof film. If applied too late, some of the 
moisture will have already been lost that should have been retained. The proper time 
range will very from about 30 minutes to 2 hours after placement of lining depending 
upon humidity and temperature. Uniform coverage of curing compound is very 
important. A good skill is needed when it is to be hand sprayed with a nozzle. The 
dosage of curing compound, sprayed on the lining 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 placed must be well consolidated, hard, 
and smooth. Any surface irregularities should be within the 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/S & D/S of Canal Structures:  

 
Cement concrete lining or Stone masonry lining be provided in at least 2.5 m reach 
upstream and downstream of structures. 
 
Note:  Particular attention need to be paid to the canal system in such reaches / 
locations when drainage water falls into the canal. Detailed survey should be carried out 
and inputs be obtained from CDO as to the types (and designs there-of structure to be 
provided for the disposal of drainage. Allowing any haphazard flow of drainage into the 
canal / canals severely damages the canal system. 

 
5.3.16.  Treatment of Under Side RCC Slabs of Structures : 

The mission during field visit to an RCC. Aqueduct at Km 6.2 of Valagalamanda Main 
Canal observed large scale spalling / cracking of under side concrete and consequently 
exposure of reinforcement. “Shot Creting” shall provide a convenient and effective 
method for addressing such deterioration on the undersides of all R.C.C structures.  

 
5.3.17. The cost estimate of shot creting can be based on the following guidelines. 
Shot - Creting  

(i) Specifications & Procedure of Application. 
 

a) Materials for Shot creting :  
Cement, sand, coarse aggregate, water and admixtures are used in the shot – crete mix. 
Ordinary Portland Cement, 43 Grade or 53 Grade will be used. 
 
b) Sand: Well graded sand as per either of the following grading can be used. 

 
SAND 

 
Percentage by mass passing for Sieve Designation 

Grading – I Grading - II 
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 substances and organic impurities. 
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c) Coarse Aggregate:  

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

 

Sieve Designation Percentage by mass passing for  
aggregate of 10 mm maxm. Size. 

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 lessthan 6 and not more than 8.5 
will be used. 
e) Chemical Additives:  
The following additives be used in the concrete mix in the ‘Dry Mix Process’ of shot 
creting. 
·  Sodium Carbonate           = ½ Kg per 50 Kg bag of cement  
·  Sodium Aluminate           = ½ Kg per 50 Kg bag of cement 
·  Calcium Carbonate           = 1 Kg per 50 Kg bag of cement 

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 viz 4.5 Kg of super plasticizer for 450 Kg 

cement to be used in the mix.  
·  Accelerator (say sodium Silicate) @ 5 % by weight of cement Viz. 22.5 Kg for 450 Kg 

cement to be used in the mix.  
 

f) Air Supply: 
 

Properly operating air compressor is essential for a satisfactory shot creating operation. 
The compressor should be fitted with a moisture extractor to deliver clean and dry air. 
For hose length of up to 30 m, air pressure at the nozzle should be 0.3 N / mm2 or more. 

  
g)Water supply:  
The water pressure at the discharge nozzle should be sufficiently greater than the 
operating air pressure to ensure that the water is intimately mixed with the other 
material. 
 
Properly applied Shot Crete is a structurally adequate and durable material capable of 
excellent bond with concrete as well as masonry. 

 
h) Shot –Crete Mix:  
The water – cement ratio should be maintained within the range of 0.40 to 0.50 by 
mass. The mix should have a 28 day characteristic compressive strength of not less than 
200 Kg / cm2 though strength of 250 kg / cm2 would be preferable. Normally the 
following mix proportions would be adequate. 

 
Cement     =  450 kg / m3 

Sand      = 1100 kg / m3 (0.70 m3) 
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Coarse aggregate (5 mm – 10 mm size) =  500 Kg/M3 (0.30 M3)  
Proportioning of mix   = 1:2.44:1.11  

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

 
1) All unsound and deteriorated concrete be removed and chipping done, wherever necessary, 

or sand blasting done. 
2) Exposed reinforcement bars be cleaned free of rust / scales. Additional reinforcement be 

provided if and as warranted. 
3) Ensure sufficient clearance around the reinforcement to permit complete encasement with 

sound shot crete. A clearance of at least 50 mm should be provided. 
4) Air – water jet be applied for final clean – up of the surface. Spray pneumatically the first 

layer of shot crete of about 38 mm thickness (hollow pockets) will consume more shot 
crete). 

5) Next “Welded wire mesh of size 100 mm x 100 mm x 5 mm” be nailed, butting with shot 
crete. Binding wire of 20 guage or 24 guage be used for binding of wire mesh panels. 

6) The second and final layer of shot crete of thickness ± 38 mm be than pneumatically 
sprayed over the first layer. The finished shot crete surface should be kept continuously wet 
(viz. cured) for at least 7 days. Alternately, ‘membrane –forming chemical curing 
compound’ be used for curing. A re-bound of 25 % to 30 % would occur and the re-
bounded material is not to be re-used in the shot crete mix. 

 
 

5.3.18. Quality Control of Shot - Creting 
 

The shot creting operation should be continuously inspected by the engineers who should 
check the materials, concrete mix, shot creting equipment, application of shorcrete, and 
curing. The finished surface should be sounded with a hammer for detection of any hollow 
pockets due to lack of bond. Such hollow pockets or other defects are required to be 
carefully cut out and replaced with the new shot crete layer. The first layer is also to be 
sounded with a hammer and remedial action taken for any hollow pockets before 
commencing the application of the final layer. 

 
  a.    Measuring Devices on Irrigation Channels / Distribution System. 

 
Presently, there is no measuring structure on any of the canal distribution network. The 
existing sluice structures are not calibrated to indicate the quantum of flow in the off-taking 
channels. Neither there is any measuring device downstream of the Regulating Division 
Dams.  
 
Provision of CTF (Cut – Threat Flumes) in fibre glass reinforced plastic (FRP) material 
with “hold fasts” to be embedded in the concrete structures should be made in the cost 
estimates. Such a flume has engraved gauge marking in centimeters as well as in litres per 
second. 
 
A large number of CTFs have been constructed in the SRBC distribution system of AP III 
project. Designs / Drawings and data on cost estimates be obtained from SRBC engineers. 
 
A measuring structure be provided at off takes of distributaries from the main canal / branch 
canal and minors from the distributory. 

 
b. Feeder Channels :  
 

The mission observed one “Feeder Channel”, off – taking from the surplus weir of 
Sadasive kona project. This channel is in a poor shape. It is associated with extensive 
Jungle growth, silting, and widening of banks at several locations. 
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In all such types of feeder channels, re-sectioning and strengthening works be carried out, 
and masonry walls provided wherever necessary. 

 
c.   Reinforced concrete :  

 
In all reinforced concrete structures, the minimum grade of concrete to be used should not 
be less than M 20. This is irrespective of the grade of cement used as per Indian Standard, 
IS 456: 2000. 

 
d. Gabion Structures. 

 
Construction of “gabion structure” proves very effective in earth control, and soil 
conservation. Gabions can be very usefully used in stream training works and for 
controlling erosion of earth. Where the outflow channel downstream of a weir poses a 
serous problem of slippages of earth, gabion retaining wall provides a practical solution to 
control such slippages. 

 
Specifications:  
  
ASTM Designation: A 975 – 97 outlines the standard specifications of “double twisted 
hexagonal mesh gabions”. Particulars about the mesh type 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 container of variable sizes, uniformly 
partitioned into internal cells or diaphragms, inter – connected with other similar units, 
and filled with stones at the work site to form “flexible, permeable, monolithic structures 
such as retaining walls, revetments etc,.  
The gabion shall be fabricated “Maccaferri” type or equivalent supplied by an approved / 
reputed manufacturer.  
 
The stones used should have a minimum size of not less than the mesh width, as shown in 
Sketch 3. D is the distance between the axes of the twists. 

 
Important Points in Gabion Works 

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

disintegration features. 
b) Stone size shall range from about 200 mm to300 mm. Stone size of 350 mm shall be 

preferable. 
c) Use of small stones shall be restricted to the maximum feasible extent of fill the voids 

between bigger stones. Such small stones shall have a minimum size of not less than D, 
where D is the specified mesh width. 

d) The Gabions and Mattresses shall be flexible galvanized gabions with the mesh panel 
wire of 3.0 mm dia, and shall be Maccaferri type or equivalent, and shall be procured 
from reputed agencies. 

e) Foundation for each Gabion shall be free from depressions and protrusions. Any 
depressions are to be filled with suitable soil / gravel, moistened and consolidated. The 
protrusions are to be struck and leveled. Tolerance for surface irregularities shall not 
exceed ± 6.25 cm. 

f) The Gabions shall be divided into cells by diaphragms, whose length shall not be more 
than the width of the gabions. Diaphragms shall be provided at not more than 1.0 m 
interval. 
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g) Where more than one layer of Gabions is to be laid, these be placed with a minimum 
step of 0.15 m between the faces of the lower and upper Gabions Boxes. In high walls, 
a step of 0.50 M shall be appropriate.  

h) All Gabions shall be connected to each other along corners with – Lacing, the wire to 
be passed through each mesh making a double twist every other mesh. 

i) Careful attention shall be given to the filling operation to ensure that the stones are 
placed evenly in the baskets with minimum voids in between. Smaller stones shall be 
hammer wedged into the voids. All external stones shall be of big size, preferably of 
200 mm – 300 mm size range. 

j) The stone to be used for the top layer of Gabion Boxes shall have a flat surface to 
ensure that the wire does not rest on sharp corners of stone if these are not flat. 

k) Bracing wires shall be used as per Manufacturer’s instructions in the Brochure. 
l) A Gabian shall not be completely filled until the adjacent basket has been half filled in 

order not to cause displacements / bulging during filling.  
m) Before filling, adjacent baskets shall be secured together with steel lacing wire, duly 

galvanised. 
n) Gabion walls shall have a vertical face, not exactly Vertical, but shall be given a slight 

angle to the vertical (Say 1.0 horizontal to 10.0 Vertical). This shall be achieved by 
sloping the foundation accordingly. This shall take care of the effect of back-fill 
pressure & also of the settlement / consolidation of the foundation. 

 
(Construction of a Typical 8.0 m high Gabion Wall is illustrated in Sketch) ( Page 77 ). 

 
e. Dam Safety and Logistic Support from CDO & Dam Safety Panels. 

 
The mission visited the earthen embankment of Tank bund of Vengalaraya Sagar M.I 
Scheme. It is of 11 m maximum height and suffers distress features including seepages 
emerging at downstream toe, causing water – logging in about 400 m reach. The toe – drain is 
full of jungle growth and provision of any rock – toe could not be ascertained. The top width 
is also short of the originally designed 2.4 m width. Both the slopes are covered with a thick 
jungle growth. Stone revetment is disturbed at some locations. The field engineer reported 
breaching of a portion of embankment on left flank in 1978 and another breaching on right 
flank, in 1983. 
 
The mission strongly feels that technical inputs from CDO are needed for rehabilitation of this 
bund, based on which the cost estimate can be finalized.  Like–wise,  there may be large 
number of tank bunds of ± 10 m height and some tanks even higher than 10 m and in the 
range of 10 m – 15 m, which may be suffering from one sort of distress or the other. Logistic 
support from CDO will continue to be needed for such bunds for an effective rehabilitation in 
a systematic manner. Also, it shall be expedient and result – oriented if GOAP constitutes a 
“Dam Safety Panel” for each of the three regions to inspect such earthen bunds (also anicuts 
and weirs) and guide the project engineers on the specific measures to be taken for the 
implementation of rehabilitation measures of these dams and the appurtenant works. 
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Zinc – Coated  Gabions 

Mesh type 
 

Wire diameter(mm) 
 

Thickness(M) 

10 × 12 2.70 
3.00 

8 × 10 2.70 
3.00 

 
               0.50 

6 × 8 2.20 
2.70 

5 × 7 2.00 
2.40 

1.00 

   Lacing wire and selredge wire  diameters will depend upon the mesh    
   opening 
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Foreword 
 

The Government of Andhra Pradesh has initiated the process of providing substantive and 

enabling role to farmers benefiting from irrigation projects for management, operation and 

maintenance of the irrigation infrastructure by enacting the APFMIS Act, 1997. Following 

this, I&CAD Department has carried out minimum rehabilitation of the M.I tanks through 

Water User Associations. Performance evaluation of the WUAs highlighted the need for 

investment in institution building to enable WUAs to take up irrigation system management 

responsibilities. This has now been initiated in the I&CAD Department as part of the ongoing 

sector reforms process under the flagship of “Jalayagnam” programme of Government of 

Andhra Pradesh in tune with the Mid-Term Appraisal of the X Plan and observation of the 

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

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

Restoration of water bodies directly linked to Agriculture” with assistance from Government 

of India in the districts of Ananthapur and Mahaboobnagar. I&CAD Department has 

developed a step-by-step process guideline towards scaling up of the above programme to 

benefit 2.5 lakh ha under 3000 tanks at an estimated cost of Rs. 1000 crores with financial 

assistance from the World Bank and the Government of India under the AP Community 

Based Tank Management Project. This restoration work is proposed to be  undertaken in 

three batches over a period of next five years.   

The Project Implementation Plan has been prepared to act as a guiding document, describing 

the activities of the project on spatial and temporal scale. In addition, a set of six Operational 

Manuals on various components have also been prepared to steer the project stakeholders in 

effective implementation of the project. Present volume is one of the series of these six 

manuals. Though sufficient care is taken to avoid any contradiction with the existing 

provisions, however in cases of  any ambiguity or contradiction, the existing statutes and 

government orders would prevail. We welcome any suggestions for further modifications and 

improvement. 

 

 

    Commissioner, 
    Irrigation & CAD Department 

     Government of Andhra Pradesh 
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PREFACE 
 
 
In terms of the conditions laid down by World Bank, a manual of Quality Control for A.P. 
Community Based Tank Management Project is prepared in order to have uniform procedure 
and testing methods of Quality Control Management. 
 
The manual is approved and released by the Chief Engineer, Minor Irrigation for systematic 
and strict implementation by all construction staff and Quality Control Staff of Minor 
Irrigation Department. 
 
 

 
Chief Engineer 

Minor Irrigation 
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CHAPTER – I  
 Quality Assurance And Control 

 
1.1 Objectives of Scope of Quality Control: 
 
The objective of quality control management is to collect, process and then communicate the 
data related to the quality of inputs and outputs as well as finished item of work to those who 
are responsible for the quality.  Any programme of quality control seeks to ensure adequacy 
and uniformity of quality through the following operations. 
 

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

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

c) Analysis of the observed variations by statistical or other techniques. 
d) Feed-back of the results of analysis for exercise of control at each stage and to take 

corrective steps for maintaining the variations within specified limits. 
e) Indicating expeditiously the possible remedial measures, if specifications are not 

likely to be met. 
f) Rejecting, where warranted, the material or the product at any intermediate or final 

stage in case acceptance criteria is not satisfied.  
 
1.2 To maintain uniformity in setting up the standards, it becomes more imperative to have a 
Quality Control organization covering all the Engineering Departments of the State Viz., I & 
CAD., R & B and Public Health Department, it is also noticed that, not much emphasis is 
generally is laid on the Q.C. and Q.A. aspects in almost all the Engineering Departments of 
the State as compared with the construction activities. 
 
To achieve the above objective, Engineers who are sincere, hard working, experienced and 
specially connected with quality control works with adequate knowledge of testing of 
construction materials have to be enlisted from all the departments.  Special pay is to be given 
to attract best personnel. 
 
The Quality Control is to be exercised at various stages of works, like. 
 

a) Selection of material 
b) Testing of material 
c) 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 

 
    

Quality planning Q.C. 
manual Training of 

Q.C/ Q.A. staff, 
infrastructure etc. 

 
 

Quality Control 

 
 

Quality Assurance 

 
Quality audit 

Quality improvement 
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1.3 Quality Control (Q.C): 
The operational techniques and activities that are used to fulfill the requirements for quality. 
 
1.4 Quality Assurance (Q.A): 
All the planned and systematic activities implemented within the quality system and 
demonstrated as needed to provide adequate confidence that an entity will fulfill requirements 
for quality and making sure that the quality of a product is what is should be. 
 
Purpose of Quality Assurance is to prevent problems before they occur to identify and correct 
them swiftly if they occur, and to uncover root cause.  
 
1.5 Quality Management: 
All activities of the overall management function that determine the quality policy, objectives 
and responsibilities, and implement them by means such as Quality planning, Quality Control, 
Quality Assurance and Quality Improvement within the quality system. 
1.6 Co-ordinations: 
 

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

b) Construction staff should make it a point to inform the quality control staff, the date 
of starting of any component of the work well in advance so as to enable the quality 
control staff to schedule their plan of inspection and attend that particular work on 
that particular date. 

c) In turn, quality control staff should programme their itinerary so as to attend the work 
on the dates required by the construction staff and ensure that, the progress of work is 
not hampered. 

d) The construction staff shall be responsible for exercising the various field checks with 
reference to drawing and specification laid down in respective I.S. codes and 
agreements etc., during the construction and carrying out all the tests required on 
materials used in construction, and on the finished work, and recording the data and 
results in the field registers.    

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

f) The quality control staff shall also posses the required equipment and conduct the 
field tests to check the quality of input materials and finished product and pass their 
remarks in the placement Registers.  Defects, if any, noticed by the quality control 
staff during their course of inspection shall be brought to the notice of the 
construction staff then and there.  It is the duty of the construction staff to attend to 
the rectification and maintain specifications as pointed out by their counter parts in 
the quality control organization.  

g) As far as possible the defects are to be rectified in the presence of the quality control 
staff and the payment shall be effected only after the quality control staff has fully 
satisfied with the rectification and quality of work.  Any rectification done 
subsequently without, any intimation and verification of quality control staff shall be 
at the sole responsibility of the construction staff. 

h) The Quality control staff cannot supervise the placement of concrete or mortar on a 
mix to mix basis continuously.  They can only conduct random check.  It is the 
primary responsibility of the construction staff to ensure adequate supervision of mix 
to mix placement of concrete or mortar. 

i) The operations of the Quality Control staff shall neither interfere in any way, with the 
executive powers vested nor diminish the responsibility of the officers in charge of 
execution.  The field officers in charge of works are primary responsible for the 
quality of all works and to carryout the work as per the technical specifications.  



 8 
  

 
j) In case of difference of opinion between quality control staff and construction staff, it 

should be sorted out by way of discussions in a friendly atmosphere with mutual trust 
as the following guidelines indicate.  

k) Where the objection raised by the section officers of quality control is not acceptable 
to his counter part of the construction unit, Dy.Exe. Engineer of construction shall 
discuss with his counter part of quality control to see the objection.  If they fail to 
arrive at a solution, the matter may be reported to the Executive Engineer, in charge 
for execution and Quality.  In case Executive Engineer, Quality Control is unable to 
settle the issue or dispute he would refer to Superintending Engineer to settle the 
issue. 

l) Disciplinary action shall be taken against the staff concerned, who frequently violate 
the above norms and appropriate measures taken, against the contractor to rectify 
unacceptable work at contractors cost. 
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CHAPTER – 2 
 

ORGANIZATION SET UP 
 
2.1 General: 
 

a) Anyone connected with quality control work should possess adequate knowledge and 
experience of quality control works and be conversant with general testing of 
construction materials. The object of quality control should be clearly understood by 
them in letter and spirit so as to help in construction and achieve high order of quality 
as laid down in specifications for works by controlling various factors responsible for 
deterioration in quality investigating reasons therefore and suggesting ways and 
means for improvement and not to hinder the progress. 

 
b) To have proper control quality control setup shall consist of one sub- div with 4 

AE's/AEE's for each district under the Superintending Engineer in charge for 
execution and quality control and he will be vested with full powers in regard to 
quality assurance, quality control and quality audit. The Superintending Engineer will 
be under the control of Chief Engineer Minor Irrigation. 

 
c) One exclusive Sub-Division will be put for each district under the Superintending 

Engineer who is in charge for quality control to have effective quality control. 
 

d) Quality control Sub- Division headed by the Dy. Executive Engineer entrusted with 
quality control works will have four AE's/AEE's and shall be provided with necessary 
field testing equipment for conducting field tests as may be necessary. 

 
e) There are number of level II Labs and field labs in the major Project areas available 

for conducting tests for soils, materials and steel. In addition to these Laboratories the 
A.P.E.R.L as a main Level-I Laboratory at Hyderabad can be utilized for the tests for 
the purpose.  As on to day many Engineering colleges are available in every district, 
who can conduct the requisite test for the works to be executed, whenever required.  

 
f) One filed level III lab preferably at district head quarters shall be formed utilizing any 

of the existing buildings with basic equipment essential for the tests involved in these 
works.  This lab can be upgraded and utilized for all other works of the circle.    
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ORGANIZATION CHART OF STAFF 
 
 

CHIEF ENGINEER 
 
          

Superintending Engineer (Minor Irrigation) 
 (Execution and Quality) 

 
 
 

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

 
  
 
 
                   
                        DEE1              DEE2      DEE3    DEE4   AEEs/AE1 AEEs/AE2   AEEs/AE3 AEEs/AE4 
               AEEs/AE (4)       AEEs/AE (4)            AEEs/AE (4) AEEs/AE (4)          
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CHAPTER – 3 
 
3.1  Duties and Responsibilities of Section Officer (Quality Control):  
 

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

2) To insist & ensure his construction counterpart to maintain the prescribed field 
registers and to see that entries are made regularly.  Lapses 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 entries made in the respective register by 
his construction counterpart. 

4) To check the pre-levels/final levels recorded by the construction staff to the extent of 
min.25% of his counterpart and to inform the Dy.E.E. (Q.C) immediately, together 
with variation if any. 

5) Shall possess required field testing equipment. 

6) To submit monthly return of the L.F. books’ pages used along with details of field 
tests carried out to the Executive Engineer before 5th of every succeeding month. 

7) The foundation levels of the structures have to be checked at every stage in addition 
to the verification of foundation soils and its suitability as per design. 

8) The materials collected at the site of work should be tested in addition to the 
verification of the tests carried by the construction staff. 

9) Shall check the adequacy of the construction equipment and operations of execution.  

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

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

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

13) Shall check and see that the preparation of the surface is properly done before 
proceeding further. 

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

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

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

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

 
 
 
 



 12 
  

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

1) Shall ensure that the copies of the specifications, approved drawings, estimates, 
agreements etc., pertaining to the works under this jurisdiction are obtained. 

2) To insist his counterpart to ensure maintenance of the prescribed field registers and to 
see that entries are made regularly and made available at the work site. 

3) To check the pre-level/final levels recorded by the construction staff as well as AEE 
(QC) to the extent of at least 10% of the total area covered by the const., staff. 

4) The monthly return of the LF Books’ pages used by him should be submitted to the 
S.E. by 5th of the succeeding month. 

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

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

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

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

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

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

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

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

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

14) Shall verify the compliance reports furnished by the construction staff from time to 
time and submit verification report to the S.E. accordingly. 

15) Shall bring to the notice of the E.E (Construction) any important deviation, defects 
and persistent non-compliance of rectifications invariably.   

 
3.3  Duties and Responsibilities of Superintending Engineers: 

1) Shall ensure that meetings/classes are conducted by the 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 progress of works also in view and 
shall review every month the outturn and the overall work of the Q.C. sub-division 
which is directly under his control.  

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

4) Shall obtain the inspection reports from the E.Es and in case of major defects he shall 
inspect the site and take up necessary actions with rectifications. 
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5) On requisition from the construction staff, in case of variation in 
classification/quantities for more than 25%, he shall inspect the works. 

6) Shall obtain monthly returns from the divisions by 5th of the succeeding month and 
fortnightly returns by 20th of the same month and 5th of succeeding month for the 1st 
and 2nd fortnight respectively. 

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

8) Shall issue technical circulars whenever necessary to the Q.C. staff on quality aspects 
with a copy to C.E. 
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CHAPTER – 4 
 
4.1) Duties and Responsibilities of Section Officers (Constn.):   
 

1) To supply the copies of estimates, Agreements etc., to Q.C. if not already supplied by 
the E.E/S.E. 

2) To study thoroughly the specifications, drawings, estimates, agreements etc., 
pertaining to every work under his jurisdiction. 

3) To open the following registers immediately in the proforma on grounding the work. 

·  Site order book 

·  Mark out register 

·  Placement registers for different items of work i.e. earth 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 strength of concrete specimen. 

·  L.F. Books 

·  O.K. Cards 

·  Note: The above registers can be maintained combinedly in one register by 
allotting required pages to each item of work depending upon the nature. 

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

5) Shall see that the O.K. cards are kept ready at the site of work before starting the 
work and that they are used at different stages of work.  

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

7) As soon as the cutoff trenches are excavated, the fact should be intimated to the Q.C. 
staff and get them passed, area wise, before filling the C.O.T. 

8) Foundation levels in respect of structures may be recorded and got them checked by 
the Dy.E.E. (Constn.) immediately  including verification of soils met with and the 
same should be intimated immediately, to the AEE and DEE of Q.C. to check the 
levels and soils, and get the areas passed by Q.C. before laying concrete. 

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

10) The construction materials required may be got collected at site and should be tested 
by them. Results must be furnished to Q.C. staff well in advance, so as to enable them 
to conduct necessary field tests required for passing of the materials. 
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11) The field tests required are to be conducted for the materials collected at site.  The 
fact may be recorded in the material register.  

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

13) Copies of the above test results shall be made available to the counterpart for study 
and verification. 

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

15) All the materials proposed to be used and the areas for placing the embankment, 
earth/concrete may be got passed by the Q.C., staff before starting of the work. 

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

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

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

19) Before starting the concrete work, he should ensure that the materials and 
requirement available for the work is adequate, at least 20% of the required materials 
shall be ensured for the purposes.   

20) Shall supervise and ensure that the correct quantities of input materials including 
water as per the mix design communicated by the central laboratory are fed into the 
mixture/batching plants and shall ensure adequate mixing time. 

21) Shuttering for concrete/R.C.C. is to be checked, not only for dimensions, but also for 
gaps between shutters, denting shutters, before allowing the concrete for getting 
correct shape and smooth faces. 

22) The steel used for reinforcement is to be got tested for its tensile strength, diameter, 
unit weight etc., and to satisfy himself before use.  Proper cover to be ensured for 
reinforcement. 

23) The pre-measurements are to be recorded for the steel used for RFT in the RFT 
register and to be checked by the construction DEE and the Q.C. staff before laying 
the concrete. 

24) Proper vibration should be insisted to avoid honey combing or segregation.  Shall 
ensure that stand by vibrator is kept at site of work. 

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

26) The concrete samples may be obtained during the laying of concrete and the same 
may be sent to the laboratory and got them tested for their strength for 7 days and 28 
days respectively.  The results obtained may be recorded in a separate register.  Latest 
technology and equipment should be used for purpose to test at site. 

27) Shall ensure green cutting of concrete with brushing, scrapping, 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 allow the removal of the centering only 
after the time limit prescribed in the specifications. 

29) All the field registers are to be kept at site and should be made available to the 
inspecting officers and obtain their signatures without fail.  If the same are not 
recorded, as and when, the work is inspected the concerned construction staff will be 
held personally responsible. 

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

31) As field officer, he shall primarily be responsible for 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 field registers should be operated 
simultaneously. 

33) For embankment P.D. tests have to be conducted as per I.S. code 2720-1971 @ the 
rate of at least one test for every 500 cum of earth work and at least one test in each 
layer of the embankment.  

 
4.2) Duties and Responsibilities of DY.E.E. (Constn.):   
 

1) The date of handing over the site to the Contractor/grounding the work, is to be 
intimated in writing, well in advance to the E.E. and Dy.E.E., Q.C., along with copies 
of estimates/agreements, specifications etc. if not already supplied by E.E./S.E. 

2) The pre-levels/foundation levels recorded by the S.O. (constn) should be checked and 
the fact of checking is to be intimated to the Dy.E.E. (Q.C) through a requisition in 
writing for facilitating the checks by Q.C. staff. 

3) As soon as the cut-off trenches are excavated, the fact should be intimated to the 
Dy.EE (QC) and the area got passed by Q.C. staff before proceeding with further 
work. 

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

5) He should ensure that the work is carried out in accordance with the approved 
drawings and specifications stipulated in I.S. Codes, APSS, agreements etc.,  

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

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

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

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

10) Latest technology and instruments should be used for conducting the tests. 

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

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

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

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

16) Should personally look into the remarks/defects pointed out by Q.C. staff during 
inspections, carryout the rectifications, prepare compliance reports and submit to the 
E.E/Construction for onward transmission to Q.C., unit, for dropping the remarks.  
The remarks pointed out in placement register also are to be attended to immediately 
and rectifications carried out and got certified by the Q.C., staff in placement 
Register. 

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

18) The D.E.E should check the bench marks and issue a certificate authenticating the 
location and values of the BMs in the bench mark register. 

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

 
4.3) Duties and Responsibilities of Executive Engineer (Constn.):   
 

1) Shall ensure that the activities of the Q.C. aspects are incorporated in the agreement, 
so as not to allow any objections to be raised by the contractor at a later date. 

2) Shall intimate the Executive Engineer/D.E.E., Quality Control immediately after 
concluding the agreement.  He should also furnish the copies of sanctioned estimates, 
agreements/specifications, with approved drawings to the Executive Engineer/D.E.E. 
( Q.C ) and superintending Engineer, Q.C. 

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

4) Shall ensure that all the field registers are numbered duly authenticating the same and 
to issue to field officers in advance of the commencement of works.  All the registers 
should be verified and reviewed every three months and also to be verified while 
making payments for running bills. 

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

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

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

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

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

10) C.O.T:  This has to be checked by the Executive Engineer.  The C.O.T, mainly in the 
gorge portion, should be invariably checked and ensured that the base is of 
impervious strata duly conducting permeability test at site by Japanese method or in 
Lab. As per I.S. 2720(Part-17) – 1986. 

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

12) When ever serious lapses/irregularities/deviations are noticed he shall take 
appropriate steps to rectify the same in time and promptly. 

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

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

15) He shall take appropriate action and guide his field staff in obtaining the design mixes 
in advance so as not to suffer the progress of work at a later date, in co-ordination 
with the Q.C. counter parts.  

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

17) Whenever there is any difference in the specification between the codes, i.e.  I.S. 
codes, A.P.D.S.S. etc., and the agreements, then the condition of the agreement will 
only prevail unless amended.  

 
4.4) Duties and Responsibilities of Superintending Engineer (Contn.): 
 

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

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

3) Shall ensure that all the documents reach different levels of the Q.C. set up by taking 
up the matter with the concerned Executive Engineers. 

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

5) Shall periodically inspect the sites of works to an extent of a minimum 2% of the 
works monthly and issue inspection reports with a copy to C.E.  

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

7) Shall issue general circulars from time to time on all the matters relating to monthly 
returns, progress reports, compliance reports etc., at his 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: 4032-1985 
   i) Sio2, Al203, Fe203, Cao 
   MgO, SO2, Insol, residue & Loss 
   On ignition 
   ii) Alkalies & Chlorides 
   iii) Free Lime 
                     At any level I  
          b) Physical                    or II labs  
   i) Specific gravity 
   ii) Fineness 
   iii) Soundness 
   iv) Compressive strength 
   v) Drying shrinkage 
 
Coarse Aggregates i) Sieve Analysis    IS: 2386-1963 
   ii) Flakiness index 
   iii) Elongation index    PART I 
   iv) Deleterious materials 
   v) Specific gravity    PART II 
   vi) Bulk Density 
   vii) Moisture content    PART III 
   viii) Absorption value 
 
   Mechanical tests    PART IV 
   ix) Aggregate crushing value 
   x) Impact value     PART V 
   xi) Abrasion value 
   xii) Potential reactivity of aggregate  PART VIII 
   xiii) Petrographic examination 
   xiv) Alkali Aggregate reactivity test  PART VII 
 
Water   Chemical     IS: 3025-1968 
   i) CL, SO4, Organic & Inorganic Solids,              IS: 516-1959 
      pH, Alkalinity/Acidity    IS: 1199-1959 
   ii) Setting time of mortar  
   iii) Relative strength of concrete 
 
Admixtures  i) Relative water content   IS: 9103-1959 
   ii) Bleeding     IS:9103-1959 
   iii) Relative strength    IS:516-1959 
   iv) Setting time     IS:8142-1959 
   v) Relative length change   IS:1199-1959 
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MATERIAL   TEST      METHOD 
 
Concrete  a) Fresh Concrete    IS:516-1959 
    i) Air content 
   ii) Vibration 
    iii)Yield 
   iv) Temperature measurement 

 v) Mix prop: 
   vi) Water cement ratio 
 

b) Workability test    IS:516-1959 
i) Slump test      Usual procedure 
ii)Compaction Factor test   IS:CED2(CESS) 

         ASTM C 597-83 
c) Hardened Concrete   BS 4408 
i) Compressive strength    PART 5:1974 
ii) MDT Tests      IS:CED2(3890) 
iii)Ultrasonic pulse velocity    ASTM C805-85 
iv) Rebound Hammer    BS 4408 

         PART 1971 
d) Special Test 
i) Microscopy 
ii) Non-destructive 
iii)Core Testing 

 
Embankment  i) Disturbed grain size analysis    IS 2720 Part (iv) 1965 
   ii) Proctors compaction     IS 2720 Part(vii& viii)1965 
   iii) Atterbergs Limits     IS 2720 Part (v) 1970 
    iv) Permeability      IS 2720 Part (xvii) 1966 
    v) Shear test      IS 2720 Part (xiii) 1972 
   vi) Specific gravity     IS 2720 Part (iii) 1964 
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CHAPTER – 6 
 

FREQUENCY OF TESTING 
 

Sl. 
No. Test Frequency of Test Purpose Test Designation 

1. Gram size analysis 
For classification 

One test per day 
for every 3000 m3 

 
 

To know the 
classifications of 
soil actually put in 
the embankment 

As per 
IS-2720-IV-1975 

2. 
 
Atterberg Limit test 
 

One test per day -do- 
IS-2770-V-1970 

3. 
 
Specific Gravity 
 

One test per day -do- 
15-2720-111-1964 

4. Field Density and 
Moisture content & 
consolidation test  

One Test for every 
500 m3 of earth 
work and at least one 
test in each layer laid on 
embankment. 

To determine the 
placement density 
and moisture 
content 

IS-2720-XXVIlI-1974 
IS-2720-XXIX-1966 
IS-2720-XXXIll-1971 

5. Consolidation Test 1 set of 3 samples in 
Every 6m height 
Of embankment or 
for 30,000 m3 or  once in ten 
days 

To know the 
Settlement 
Rate and its magnitude 

IS-2720-XV-1965 

6. Standard Proctor 
Test 

One test per day for 
individual borrow 
Area 

To determine MDD and 
OMC of the soil and 
compare the results with 
Laboratory value 

IS-2720.VII-1970 

7. Moisture content One test in each 
Sample 

To know the 
Moisture content 
of the sample 

15-2720-11-1975 

8. Shrinkage Factor One test in one week 
or 5 mtrs of embankment 
height. 

To determine 
Shrinkage limit 

IS-2720-PartVI-1972 

 FI LTERS    
9. Grain Size Analysis One test for every 

200 m3 of filter (sand) One 
test for every 200  m3 of 
filter (Aggregate) 

To find % of the D10, D15, 
D30, D50, D60 and D85 
grain sizes of materials 

IS-2385-Part I 

10. Clay lumps and 
organic impurities 

One test for every 200 m3 
(sand) One test for every 200 
m3 (Aggregate 

To find out clay 
lumps & Organic 
Impurities level 

IS-2386.Part II 

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

IMPORTANT SPECIFICATIONS FOR MINOR IRRIGATION  
 

7.1.Jungle Clearance 
 
a) Clearing: The portion of the site required for constructing the work under these 

specifications shall be cleared of all trees bushes, rubbish and other objectionable 
matter. Trees designated by the Engineer-in-Charge shall not be cut and shall be 
protected from injury. Such cleared material shall be disposed off as provided in sub-
paragraph C. below or removed from the site of work before the date of completion of 
the contract as approved by the Engineer-In-Charge. The clearing operation shall be in 
accordance with clauses 4.1, 4.11, 4.2 and 4.3 of I.S.4701 – 1982 Indian Code of 
practice of earth work in canals, surface boulders either loose or partly embedded in the 
ground will have to be removed and stacked as directed. 

b) Grubbing: The ground surface under all embankments of normal dimensions as shown 
on the drawings and under other embankments where directed by the Engineer-In-
Charge and the surface of all excavation that is to be used for embankment shall be 
cleared of all stumps, roots and vegetable matter of every kind. The stumps shall be 
pulled or otherwise removed and roots shall be grubbed. 

c) Disposal of cleared and grubbed material: 
       The disposal of cleared and grubbed material shall be in accordance with clause 4.1.1 

of I.S.4701 code of practice for earth work in canals. All waste material to be burnt 
shall be piled neatly and when in suitable condition shall be burnt completely to ashes. 
Piling of waste material for burning shall be done at such a location and in such a 
manner as would not cause any fire risk. Necessary precautions shall be taken to 
prevent spreading of fire to areas beyond the limits of cleared areas. Suitable materials 
and equipment for prevention and suppression of fire shall be kept available at all times. 

 
7.2.Raising Bund: 

On sloping ground or in case of existing banks, where embankment portions are to be 
modified, benching of slopes shall be done with a little slope towards the inside of 
benching so as to give a good grip to the embankment soils with the sub grade. Unless 
otherwise specified the benches shall be 0.3 X 0.6m on the front and rear slope of the 
embankment. Before benching, the bank slopes shall be cleared of all roots and 
vegetative matter as per specifications 2.0 No separate payment will be made for either 
benching or refilling. The rate quoted for raising embankment is inclusive of above 
operations. The bank section shall be brought to design standards by filling the scours 
with suitable material and compacting to 95% to 98 % Proctor density by suitable 
method of compaction. 

 
7.2..1.  Compaction: 

a) General  
The earth compacting equipment specified in Appendix – C of I.S. 4701 – 1982 
shall be used for compaction of the soils shown against them. The  compacting 
equipment shall conform to the relevant I.S. specification. 
While the I.S. specifications specify compacting it is contended that the use of 
improved compact equipment for embankment construction shall be encouraged as 
may be most suited to the site conditions and the program of construction. The 
methods of compaction shall conform to clause 7.2.2, 7.2.3, of I.S. 4701 – 1982. 

 
7.2..2. Cohesive Materials: 

a) When each layer of material has been prepared so as to have the proper moisture 
content uniformly distributed throughout the material, it shall be compacted by 
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passing the roller. The layer shall be compacted in strips over lapping not less than 
0.30 meter, rolling shall commence at edges and progress towards centre 
longitudinally. The rollers shall travel in a direction parallel to the axis of the bank. 
Turns shall be made carefully to ensure uniform compaction. Density tests shall be 
made after rolling and dry density attained shall be not less than 98 % of the 
maximum dry density (standard proctor) as obtained in the laboratory for the type 
of material used. The density achieved shall not normally be less than the designed 
density. The dry density of soil in field shall be determined in accordance with I.S. 
2720 (Part – XXVIII) – 1974 or IS 2720 (Para XXIX) 1975. 

b) Standard proctor density test shall be carried out at regular intervals to account for 
variations in the borrow area materials as well as that in-situ excavated material. 
Not less than three tests shall be carried out to indicate variations in the Standard 
Proctor Density attained in laboratory. 

c) Engineer might review the design if necessary on examination of density test results 
and the contractor shall have no claim arising out of such a review and consequent 
change. If any in the design. 

d) i) In case embankment covers the barrels of cross drainage or any other structures,    
first 45 Cm of the embankment shall not be compacted with roller but it shall be 
compacted with pneumatic hand tempers in this layers. The compaction above this 
layer of total 45 Cm shall be done by using suitable light rollers to avoid damage to 
the structure by adjusting the thickness of layers until sufficient height is achieved 
to permit compaction by heavy rollers. Density test shall be conducted from time to 
time on site to ascertain whether the compaction is attained as specified above. 

 ii)  Separated tests shall be conducted for each zone of the embankment for every 
500 Cubic Meters of compacted earth work, at least one field density test shall be 
taken in each layer. Minimum two density tests shall be taken in each year per day 
irrespective of the quantity of earth work specified above. In case the test shows 
that the specified densities are not attained, suitable measure shall be taken by the 
Contractor either by moisture correction or by entire removal and relaying layer or 
by additional rolling so as to obtain specified density which shall be checked again 
by taking fresh tests at the same locations. Necessary unskilled labour required for 
carrying out such density tests shall be provided by the Contractor. 

e) Compaction shall be achieved by the use of smooth rollers. Pneumatic type rollers, 
sheep foot rollers, mechanical compactors like vibratory roller, vibrating plates, 
power rammers slope compacting equipment, pneumatic tamping equipment and 
such other equipment as shall be specified by the Engineer based on type of 
material and actual field tests. 

f) The dimensions and weight of the rollers should be such as to exert a ground 
pressure of not  less than 12 Kg./Cm2 of tamping when it is empty and 25 kg / CM2  
when ballasted. The number of passes required for each layers to obtain the 
specified density shall be determined by actual field tests. 

 
7.2.3.  Cohesion less materials: 

a) Where compaction of cohesion less free – draining material such as sand and gravel 
is required the materials shall be deposited in horizontal layers and completed to the 
relative density specified. The excavating and placing operations shall be such that 
the materials, when compacted shall be blended sufficiently to secure the highest 
practicable degree of compaction and stability. Water shall be added to the 
materials if required to obtain the specified density depending on the method of 
compact on being used. 

b) As per clauses 6.6.2.1 of I.S. 4701 – 1982 the thickness of embankment layer shall 
not exceed 25 Cms. (Loose) before compaction and it should be spread over the full 
width of embankment and compaction shall be done by rollers or tampers to obtain 
specified density. The thickness of the horizontal layers after compaction shall not 
be more than 16.5 Cm. If compaction is performed by vibratory or pneumatic 
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rollers or similar equipment. The relative density of the compacted materials shall 
not be less than 70 percent as determined by laboratory tests as per I.S. 2720 Part – 
XIV. If compaction is performed by internal vibrators, the thickness of layers shall 
not be more than the penetrating depth of the vibrator. 

 
7.2..4.Embankments with controlled compaction: 

a) Bushes, roots, other perishable or unsuitable materials shall not be placed in the 
embankment. 

 
b) i) Unless otherwise specified, embankment materials shall be spread in successive 

horizontal layers generally not exceeding 25 Cm, in thickness (loose layer) in the 
zones where these are required to be laid, extending to the full width of the 
embankment including slopes at the level of the particular layer. Each layer shall be 
commenced from the edge farthest from execution. In no case shall embankments 
be widened by material dumped from the top. 
ii) Top of each layer shall be kept slightly depressed in the centre. 

c) i) Extra width of 600 mm in thickness as measured perpendicular to the slope shall 
be provided on either side so that when compacted, lines of the finished 
embankment slopes shall have not less than specified density 
ii)  Later the extra width shall be neatly trimmed and the trimmed materials shall be 
permitted for re-use in embankment at higher elevations. 
iii) No payment shall be made for providing or removal of the extra section. 
Removal of extra section in the embankment shall be deemed to have been included 
in the item of compaction. 

 
d) Thickness of layers shall be adjusted with particular type of compactors used to 

give the required density by carrying out trial compaction and requisite tests and 
required number of passes should also be determined as directed by the engineer.   

 
e) No fresh layer shall be laid until the previous layer is properly watered and 

compacted as per requirement. The work of spreading and compaction shall be so 
adjusted as not to interfere with each other and in such a way that neither of the 
operations is held up because of  non-completion of the rolling and watering. The 
surface of the banking shall at all times of construction be maintained true to 
required cross-section. If the surface of any compacted layer of earth fill is too dry 
or too smooth it shall be moistened and scarified to provide as satisfactory bonding 
surface before the succeeding layer is placed. All the rollers used on any one layer 
of fill shall be of the same type and same weight. 

 
f) The Contractor shall ensure that only approved soils are used for construction of 

embankment. 
 

g) For proper bond of the embankment done in previous season with the new 
embankment the work shall be carried out as detailed below. 
i) In case of the old bank to be extended horizontally, it shall be cut to a slope not 

steeper than 1 in 4 and the surface so prepared shall be scarified and made loose 
at least for a depth of 15 Cm. Necessary watering shall be done and the earth 
surface shall be thus prepared to receive the new embankments. The soils shall be 
laid in layers and compacted to the required degree of compaction to have a 
proper bond with the old one. 

ii)  If the old bank is to be raised vertically, vegetation shall be cleared followed by  
scarifying, watering and placing of the new earth layer as specified above. 

iii)  The surface which is damaged due to rain shall be made good by filling with 
proper soil due to be compacted by tampers. A cross slope away from the 
centre of canal of about 1 in 80 shall be maintained throughout the rainy season 
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to ensure proper drainage in the event of occasional rainfall. No extra or 
separate payment shall be made for these items of work. 

h) Settlement allowance: 
i) The canal embankments shall be constructed to a higher elevation than that shown 

on drawing at the rate of 2.5 Cm per every one meter height of bank, if power 
driven equipment is used and 2 Cm / 1 Mt. height if other than power driven 
equipment is used for compaction towards shrinkage settlement. 

ii)    No extra or separate payment shall be made for this work as this shall be deemed to 
have been included in the respective item of construction and consolidation of 
embankment. 

I) i) Care shall be exercised that all large clods are broken and no clod bigger than say 
8 Cm rock are buried in the banks. 

 
ii) Homogeneous Section:  
The homogeneous section for canal embankments shall be provided as specified in 
the drawings. The available coarser and more pervious materials shall be placed 
nearby outer slopes in order to have increasing permeability from inner to outer 
side. The compaction shall be carried out as per clause 6.6.2 of I.S.4701 – 1982. 

     
iii) Zonal embankments: 
In zonal sections the selected and approved soils shall be spread to the required 
widths of respective zones. All the zones shall be tackled simultaneously and the 
difference in level between zone to zone shall not be more than 150 mm. 

 
7.2..5.   Moisture content: 

a) The initial moisture content of the material shall be determined at the source of 
supply (excavations including from the borrow areas) in field laboratory test. Prior 
to and during compaction operations, the embankment shall have optimum 
moisture content required for the purpose of compaction and this moisture content 
shall be fairly uniform throughout the layer as per clause 6 of I.S. 4701 – 1982. 
In so far as practicable the moistening of the material shall be performed at the site 
of excavation but such moistening shall be supplemented as required by sprinkling 
water at the site of compaction if necessary. Flooding shall not be permitted under 
any circumstances. Sprinkling of water shall be done either through a proper 
sprinkler tanker or using proper spray nozzles. Sprinkling straight from the water 
hole shall not be allowed. 

 
b) If the earth delivered to the embankments is too wet, it shall be dried by aeration, 

exposure to the sun, ploughing, disc harrowing or other methods, till the moisture 
content is acceptable optimum for compaction. If due to wet weather the moisture 
content cannot be reduced to the required optimum by the above procedure, work 
on compaction shall be suspended until such time the earth has dried to the 
optimum moisture content. For such suspension of work no extra claim to the 
contractor shall be allowed. 

 
c) If the moisture content is not uniformly distributed throughout the layer or less than 

the optimum rolling shall be stopped and shall be started again only when the above 
conditions are satisfied. 

 
d) After adding the required amount of water, if found necessary, the soil shall be 

processed by means of harrows, rotary mixers or as otherwise approved until the 
layer is uniformly wet  with optimum moisture content. 

e) Moisture content of each layer of soils shall be checked in accordance with I.S. 
2720 (Part II) 1973 and unless otherwise mentioned shall be adjusted making due 
allowance for evaporation loss that at any time of compaction: up to – 1 % to + 2 % 
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than the optimum moisture content in casing zone and up to +1 % to –1 % than the 
optimum moisture content in the hearting zones may be permissible. The optimum 
moisture content shall be determined in accordance with I.S. 2720 (Part VII) 1973. 
The above compaction tests will be conducted by the Engineer or his authorized 
representative and the contractor shall ensure compaction 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 the stones be stacked at a suitable place 
and pre-measurements taken and recorded. The base for the new revetment shall be 
formed and well compacted as per the approved slopes and 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 be laid shall be excavated to the required 
level and leveled and prepared for the length and width as shown in the drawings. 
The base shall be compacted suitably with hand rammers or other mean to have 
even bedding. 

 
 No packing shall be on uncompacted made up soil. 

 
ii)Side Slopes 

The sides of banks to receive rough stone revetment shall be trimmed to the 
required slope and profiles put on by means of line and pegs at intervals of 3m to 
ensure regular straight and uniform slope throughout. Depressions shall be filled 
and thoroughly compacted. 

 
7.3.1)  Laying Apron (Bed Pitching) And Revetment (Pitching to Sides) 

7.3.1.1) Apron (Bed Pitching) 
    

a) Apron shall be provided to the dimensions and levels shown in drawings. 
b) To ensure regular and orderly disposition of the full intended quantity of stone 

in the apron, template or cross walls in dry masonry shall be built about a meter 
thick and to the full height of the specified thickness of apron at intervals of 10 
metres or closer as directed by the Engineer all along the length and width of 
the apron. In between the cross walls the stone shall be hand – packed. 

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

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

e) The interstices between adjacent stones shall be filled with stones of the proper 
size, well driven in with crow bars to ensure tight packing and complete filling 
of all interstices. Such filling shall be carried on simultaneously with the 
placing in position of the large stones and shall in no case be permitted to lag 
behind. The final wedging shall be done with the largest size chips or spalls 
practicable each chip or spalls being well driven home with a hammer so that 
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no chip or spall is possible of being pick up to ensure tight packing. The size 
spalls minimum 25 mm and shall be suitable to fill the voids in the pitching. 

f) On completion, the surface presented by the apron revetment shall be even 
throughout, free from irregularities and the required length, breadth and slope 
as specified or as shown on the plans. 

g) Round stones or very flat stones having small thickness 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 shall be reconstructed in accordance 
with clauses 9.1 and 9.2 of I.S. 1597 (part 1) – 1992 as under. 
(a) Random Masonry ( Uncoursed and brought to Course ) 

i) Dressing: 
Stones shall be hammer – dressed on the face, the sides and the beds to enable 
it to come in proximity with the neighbouring stone. The 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 wherever necessary to avoid thick 
mortar beds or joints and it shall also be ensured that no hollow spaces are left 
anywhere in masonry. The chips shall not be used below hearting stones to 
bring these up to the level of face stones. The use of chips shall be restricted to 
the filling of interstices between the adjacent stones in hearting and these shall 
not exceed 20 percent of the quantity of a stone masonry. 
iii)  Hearting Stones: 
The hearting or interior filling of a wall face shall consist of rubble stones not 
less than 150 mm in any direction, carefully laid, hammered down with a 
wooden mallet into position and solidly bedded in mortar. The hearting should 
be laid nearly level with facing and backing.  
iv) Bond Stones: 
Through bond stones shall be provided in walls up to 600 mm thickness, a set 
of two or more bond stones overlapping each other by at least   150 mm shall 
be provided in a line from face to back. In case of highly absorbent types of 
stones (porous lime stone and sand stone, etc) the bond stone shall extend about 
two-third into the wall, as through stones in such cases may give rise to damp 
penetration and, therefore, for all thickness of such walls a set of two or more 
bond stones overlapping each other by at least 150 mm shall be provided. Each 
bond stone or a set of two or more bond stones overlapping each other by at 
least 150 mm shall be provided. Each bond stone or a set of bond stones shall 
be provided for every 0.5 M2 of the wall surface and shall 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 volume. 
vi) Plum stone: 
 The Plum stone at about 900 mm interval shall be provided. 
vii)  Laying: 
The masonry shall be laid with or without courses as the case may be as per 
general requirement. The quoins shall be laid header and stretcher alternatively. 
Every stone shall be carefully fitted to the adjacent stone so as to form neat and 
close joint. Face stone shall extend and bond well in the back. These shall be 
arranged to break joints, as much as possible, and to avoid 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 beds and joints so as to give them 
approximately rectangular shape. These shall be square and all joints shall be 
chisel drafted for at least 80mm back from the face and for the side joints at 
least 40 mm. No portion of the dressed surface shall show a depth of gap more 
than 6 mm from a straight edge placed on it. The remaining unexposed portion 
of the stone shall not project beyond the surface of bed and side joints. The 
requirements regarding bushing shall be the same as for random rubble 
masonry. 
ii.  Hearting Stones: 
The hearting or the interior filling of the wall shall consist of flat bedded stone 
carefully laid on their proper beds in mortar. The use of chips shall be restricted 
to the filling of interstices between the adjacent stones in hearting and these 
shall not exceed 10 percent of the quantity of masonry. While using chips it 
shall be ensured that no hallow spaces are left anywhere in the masonry. 
iii.  Bond Stones: 
The requirements regarding through or bond stone shall be same as for random 
rubble masonry but these shall be provided at 1.5 m to 1.8 m apart clear in 
every course. 
iv. Quoin stone:   
The quoin which shall be of the same height as the course 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 less than their height and at least one 
thirds of the stones shall tail into the work for a length not less than twice their 
height. These should be laid headers and stretchers alternatively. 
vi.  Laying: 
All courses shall be laid truly, horizontal and all vertical joints shall be truly 
vertical. The quoin stones shall be laid square on their beds, which shall be 
rough chisel dressed to a depth of at at least 100 mm. 

 
vii. Square Rubble – Coursed Rubble (Second sort): 
All requirements are the same as for coursed rubble masonry (first sort) except 
that no portion of dressed surface of joints shall show a depth of gap more than 
10 mm from a straight edge placed on it and use of chips shall not exceed 15 
percent of the quantity of the stone masonry. 

 
c) Squared Rubble – Uncoursed Rubble 

All requirements are the same as for coursed rubble masonry (first sort) except 
that stones (risers of jumpers and stretchers), which are of varying heights are laid 
uncoursed and in general, the risers shall not be more than 250 mm in height and 
stretchers shall not exceed two – thirds the height of the 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.cm. 

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

2. Do not allow bushing more than 40 mm. 
on the face. 

3. Wet the stones before placing in position 
clean and cover with fresh mortar 

3. Do not allow stones of length more than 3 
times the height 
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4. Place stones in layers to the line and 
plumb. 

4. Do not allow stone of breadth less than 
height of ¾ of thickness of wall. 

5. Provide weep holes at 2 mtrs interval 
staggered as per drawing. 

5. Do not allow breaking of vertical joints 
less than 75 mm. 

6. Chisel dress the corner stones. 6. Header shall not be projected less than 10 
cm beyond stretcher. 

7. Face stones shall be laid alternately in 
headers and stretchers. 

7. Do not place stones in position without 
cleaning and wetting. 

8. Provide bond stones at 2 mtrs. Interval in 
each layer and mark 

8. Do not allow skin stones, weathered 
stones. 

9. Place the hearting stones on its broadest 
face. 

9. Do not place stone in position without 
wetting. 

10. Ensure perfect hearting to make the 
masonry water tight 

10. Smaller stones shall not be placed in 
lower coarse. 

11. Mortar shall be used within 30 min. after 
discharge from mixer. 

11. Joints thickness should not be more than 
12 mm. 

12. Sieve analysis for sand shall be done 
periodically which confirm to: 
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                     5 to 70 
150 micron                     0 to 15 
 

12. Do not allow mixing less than 3 minutes 
for thorough mix. 

13. For flush pointing the mortar shall be 
finished off flush and level with edges of the 
stones. 

13. Do not add more water than required to 
have a consistency of 90 to 130 mm. 

14. Joints shall be raked out to minimum 
depth of 12 mm. when the mortar is green. 

14. Avoid spreading of mortar over the 
surface of the masonry. 

15. Cure the masonry with water for 2 weeks. 15. No pointing 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 “pointing” or by “plastering”. For a 
surface which is to be subsequently pointed or plastered the joints shall be 
squarely raked out to depth not less than the width of the joints or as directed 
while the mortar is still green. The raked joints shall be well brushed to remove 
dust and loose particles and the surface shall be thoroughly washed and cleaned 
and wetted. 

 
b) Scope: 

Plastering of specified thickness with specified mortar proportion to the exposed 
faces of R.R. Masonry / brick masonry / concrete including cost and conveyance 
of cement and all other materials. Sampling, testing mixing of mortar, labour 
charges, all leads, lifts, delifts, seignorage charges, scaffolding, curing, all water 
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leads, and all other operations necessary to complete the finished item of work as 
per drawings and as directed by the Engineer-In-Charge. 

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

 
i) Unless otherwise specified the same cement mortar used in Plastering, 

pointing work shall be of cement mortar mix MM7.5 grade, or any other 
specified grade using minimum 360 Kgs of cement per cubic metre of mortar.   
The cement and sand mortars are specified with mix proportions as follows 
for 1 cum of mortar(the weight of dry sand 1571 Kgs per cubic meter): 

 
Sl.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 grade or any other  specified 

grade: 
  

i) Preparation of surface: 
The roughening of the back-ground improves the bond of plaster. All joints shall 
be thoroughly raked. After roughening the surface, a care shall be taken to 
moisten the surface sufficiently before plastering as otherwise freshly exposed 
surface may tend to absorb considerable amount of water from the plaster. The 
surfaces shall be wetted evenly applying the plaster. A fog spray may be used for 
this work as far as possible, the plaster work shall be done under shade. 

 
ii) Laying of plastering: 

The mortar used for plastering shall be stiff enough to cling and hold when laid. 
To ensure even thickness and true surface, plaster shall be applied in patches of 
150 mm X 150 mm. of the required thickness at not more than 2 meters intervals 
horizontally and vertically over the entire surface to serve as guides. The surface 
of these guides shall be truly in the plane of the finished plaster surface and truly 
plumb. Plastering shall be properly filled in advance of the plastering. The mortar 
shall then be applied to the surface to be plastered between the guides with a 
trowel. Each trowel, full of mortar, shall overlap and sufficient pressure shall be 
used to force it into through contact with the surface. On relatively smooth 
surfaces, the mortar shall be dashed on with the trowel to ensure adequate bond. 

 
The mortar shall be applied to a thickness slightly more than the specified, using 
a string stretched out between the guides. This shall then be brought to a true 
surface by working with a long wooden float with upward and side ways motion 
50 mm or 75 mm at a time. The surface shall be periodically checked with lasting 
stretched across it. Finally the surface shall be rendered smooth with a small 
wooden float; over working shall be avoided. All corner’s arises and junctions 
shall be neatly finished Metal floats shall not be used. I.S. 1661-Code of practice 
for application of cement and cement lime plaster finishes shall be applicable for 
this section. 
a) If it is necessary to suspend the work at the end of the day it shall be left in a 

clean horizontal or vertical line not nearer than 150 mm from any corner or 
arises or parapets or copings etc., When recommencing the work, the edges of 
the old work shall be scraped clean and wetted and treated with cement slurry 
before the new plaster is laid adjacent it. After the first coat is done it shall be 
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kept undisturbed for the next 24 hrs and there after kept moist and not 
permitted to dry until the final rendering is applied. 

b) After the plaster has sufficiently hardened cement slurry with cream like 
consistency shall be applied evenly and rubbed to a fine condition. 

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

d) The average thickness of plaster shall not be less than the specified thickness 
but shall not be thicker than 25 mm. In any case, any cracks which appear on 
the surface and all portions which sound hollow when tapped or found to be 
soft or other-wise defective, shall be cut-out in rectangular shape and random 
as directed by the Engineer at no extra cost. Plastering shall be cured for 10 
days. 

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

 
a) Scope: 

Flush pointing / with cement mortar of specified proportion to the exposed faces 
of CRS masonry including cost and conveyance of cement and all to the 
materials, sampling, testing, mixing of mortar, labour charges, all leads, lifts, 
delifts, seignorage charges, scaffolding, curing all other operations necessary to 
complete the finished item of work as per drawings and as directed by the 
Engineer-In-Charge. 

 
b) Preparation of Surface: 

The joints in the masonry shall be raked out to a depth not less than the width of 
the joint or as directed when the mortar is green. Joints are to be brushed to clean 
the dust and loose particles with a stiff brush. The area shall then be washed and 
the joints thoroughly wetted before pointing is commenced. 

 
c) Laying flush pointing: 

Flush pointing shall be done with cement mortar mix MM 7.5 grade or any other 
specified grade. The mortar shall be pressed into the raked out joints. The mortar 
shall not be spread over the corners edges or surface of the masonry. The pointing 
shall then be finished as detailed below. The mortar shall be finished off flush and 
level with to edges of the stone so as to give a smooth appearance. The edges 
shall be neatly trimmed with a trowel and straight edge. 

 
d) The pointing shall be cured for seven days. 

 
7.4.1.5.  Reconstruction of sluice in masonry: 

 
a) Existing damaged masonry and / or foundation shall be removed and foundation 

for the new sluice laid according to the approved plans, specifications and as 
directed by the Engineer-In-charge. 

b) Masonry for the sluice shall be constructed with course rubble second sort. 
 

7.4.1.6. REPAIRS TO SURPLUS WEIR 
a) In cement concrete:  

Damaged part shall be completely removed in a regular shape. Before laying 
fresh concrete of the same grade as the old one, the old exposed surface shall be 
thoroughly cleaned and cement slurry applied. Curing shall be done for the 
specified period. 
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b) In masonry: 
Damaged part shall be completely removed in a regular shape. Relaying of new 
masonry shall be carried out with course rubble second sort as explained in clause 
D.d.b.VII above. 

c) Replacement of shutters: 
Replacement of shutters shall be carried out as per the approved 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 channel brought to the designed 
section to carry the designed discharge. 

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

in CM 1:5 and bed lining in CC 1:3:6 proposed at vulnerable 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. The Government 
reserves the right during the progress of work to vary the slopes of excavations or the 
slopes of the embankment and the dimensions dependent thereon. Any increase or 
decrease of quantity excavated as a result of such variations will be included in the 
estimates. If the Engineer-In-Charge determines that the contractor’s costs of 
performing the work will be increased or decreased by reason of such variations, an 
equitable adjustment will be made to cover this increased or decreased costs and the 
payment will be done as per condition of bid document (i.e. Alterations, additions, and 
omissions). Stones and indurate material shall be removed from material excavated for 
the canal and not required for constructing canal embankments, shall be used to 
construct road ramps and bridge approach embankments. The excavation of canal both 
in soils and rock shall conform to clauses 5.1 to 5.3 of IS. 4701 – 1982. 

 
8.1.2. Excavation in expansive B.C. soil: 

Canals excavated in expansive soils such as B.C. clayey soils of high plasticity pose 
severe problems involving stability of slopes and shape of section. The contractor shall 
excavate and remove B.C. and clay soils so that the thickness of CNS soil proposed to 
be provided should be in conformity with IS 2720 (part 41)-1977 as outlined in the 
Table I & II on page 49 i.e. Thickness of CNS Layer. 

  
8.1.3. Design of channels on Principles of Regime Flow 

(a) Bed width to depth ratios 
 

Cross sections which are stable and in regime appear to have certain relationship 
between bed width to depth of flow. 
To avoid the necessity of making assumptions best fitted equation of regime 
channels based on data of stable channels for every region are important from 
practical considerations. 
Bed width to depth ratios suggested by C.W.P.C. and generally adopted are 
presented in table -8.1.3.(a) below for design of channels until best fitted equations 
are developed for each region. The values may vary depending upon individual 
needs. 

 
TABLE – 8.1.3.(a) 

Bed width to depth ratios 
In Q 

Litres / Second b/d Q in 
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 assume semi-elliptical sections. The 
finer the silt, more does the section approximate to semicircle. Therefore for 
purpose of design the practice is to assume 0.5 H to 1 V side slopes. 
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(c) Side slopes for construction 
 

Side slopes to be adopted for construction depend upon the soil characteristics. The 
side slopes are to be designed to withstand following conditions. 

i) Sudden draw down condition for inner slopes. 
ii)  Canal running full with banks saturated due to rainfall. 

 
(d) Channels are usually excavated in 1 H to 1 V side slopes, it being assumed that 

after silting they will have side slopes, of approximately 0.5 H to 1 V. However in 
sandy soils the side slopes in cutting may be 1.5 H to 1 V or flatter. 

 
Canals in filling in general are proposed with 1.5 H to 1 V but in loose sand they 
shall be 2 H to 1 V or flatter. 

 
(e) Rugosity Coefficient n. 

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

 
  for canals of carrying capacity more than 15 Cumecs  n = 0.02 
  For canals of carrying capacity less than 15 Cumecs    n = 0.0225 
  In some projects values of n adopted 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 Physical roughness of the canal and 
standards of maintenance during its operation. 

 
Assuming average standards of maintenances it is better that canals are designed 
with n = 0.025. 

 
(f) Bed fall: 

The average slope of the ground is to be determined from the longitudinal section of 
the ground. This would be the maximum slope which can be provided on the canal. 
Flatter slopes have to be adopted if the velocity generated 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 fundamental 

equation is being adopted in design of open channels. 
  

 V = 1/ n R 2/3 S 0.5  
 Where V = Mean velocity of flow in metres per second 
 n = Rugosity coefficient. 
 R = Hydraulic mean depth 
  (Area over perimeter, A/P) 
 S = Bed fall 1 in __m of length. i.e. fall per unit length. 
 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 curves 
correctly 

 

1. Do not avoid approval of the deviation    
    statement 

 
2. Take working levels, real variation in ground 
levels and classification of soils as per Govt. 
Memo No.1970-12/72-11, dated 4-7-1994 
 
3. Get top soil vegetation etc. removed. 

2. Avoid over break and loosening of canal. 
 
3. Do not mix up useful soils with other soils of 
cutting 

4. Provide treatment with C.N.S. soils in 
B.C.reaches (Expansive soils) 
 

 

5. Form spoil bank as per drawing and away from 
side drain with suitable gaps for drainage into the 
valley 
 

 

6. Form Dowel Bank, as per drawing 
 

 

7. Form Inspection path to a uniform longitudinal 
gradient and with gentle transverse slope towards 
drains 
 

 

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

 

 
 

8.1.5. Formation Of Embankments 
DOS DO NOTS 

1. Get the top spoil, vegetation and sand 
patches removed to complete depth 

1. Do not raise the bank in piecemeal. 

2. Scarify the ground and wet properly 2. Do not allow new layer without scarification 
and wetting of old layer 

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

3. Do not allow new layer unless required 
degree of compaction is achieved. 

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

4. Don’t leave any loose layer un-rolled at the 
end of the day in rainy season 

5. Raise embankment to full width with 
uniform horizontal layer of 25 cm thickness. 

5. Don’t allow compacted layer to be more than 
150 mm. 

6. Break clods, remove roots, big boulders 
other materials etc., larger than 80mm from 
the soils used in embankment 

6. No new layer to be laid unless the over 
moistened layer is either completely removed or 
allowed to dry 

7. Supplement deficit moisture whenever 
required 

7. Don’t dump soils in heaps. 

8. Provide extra offset on both sides of bank 8. Don’t dump the soils in water and slush 
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9. Compaction with 8 to 10 tonnes power 
roller 

9. No. of roller passes should not be less than 
10. 

10. Conduct field compaction tests and 
determine compaction efficiency 

10. Do not forget to provide settlement 
allowance of 2 cm/mtr  height of bank. 

11. Check embankment profiles periodically 11. Don’t use expansive soils in banking. 
12. Ensure 8 minimum No. of passes  
13. Provide 10% allowance in setting profile 
of the embankment 

 

 
8.2. CM AND CD WORKS  

8.2.1. Foundation 
a) General: Excavation for the foundation of structure shall be to the elevation 
shown in the drawing or as directed by the Engineer-In-Charge. In so far as 
practicable, the material removed in excavation for structures shall be used for back 
fill embankments. Otherwise it shall be wasted. 

 
b) Foundations for structures: 
The contractor shall prepare the foundations at structures sites by methods which will 
provide firm foundation for the structure. The bottom and side slopes of common 
excavation upon or against which the structure is to be placed shall be finished to the 
prescribed dimensions and the surfaces so prepared shall be moistened and tamped 
with suitable tools to form firm foundation upon or against which to place the 
structure. The contractor shall prepare the foundations for the structures as shown on 
respective drawings. The natural foundation material beneath the required excavation 
shall be moistened if required and compacted in base. 

 
If it is considered necessary by the Engineer-In-Charge to consolidate the foundation 
strata by grouting cement slurry, the drilling and grouting or any other foundation 
treatment as directed by the Engineer-in-Charge shall be done by the Contractor and 
the payment will be as per mutually agreed rates. 

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

 
Separate payment will not be made to the Contractor for moistening and compacting 
the foundation of structures. The Contractor shall include cost thereof in the price bid 
per cubic meter of the item of the Bill of quantities for preparation of foundation. 

 
Whenever unsuitable material is encountered in the foundation for a structure, the 
Engineer – In – Charge will direct additional excavation to remove the unsuitable 
material. The additional excavation shall be refilled as follows. In excavation in soils, 
the over excavation shall be filled in by selected bedding material and compacted. In 
excavation in rock, it shall be filled by M5 grade cement concrete. Measurement and 
payment for excavation back fill will be made as per clause 3.2.2 i.e. C.N.S.treatment 
on page 48. 

 
c) Over Excavation: At any point in common excavation the foundation material is 

excavated beyond the lines required to receive the structure, or if at any point in 
common excavation the natural foundation material is disturbed or loosened during 
the excavation process, it shall be compacted in place or where directed, it shall be 
removed and replaced as follows. In excavation in soils, the over excavation shall be 
filled in by selected bedding material and compacted. In excavation in rock, it shall be 
filled by M5 grade cement concrete. Any and all excess excavation or over 
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excavation performed in the contractor for any purpose or reason except for 
additional excavation as may be prescribed by the Engineer-In-Charge and whether or 
not due to the fault of the contractor shall be at the expense of the contractor. Filling 
for such excess excavation or over excavation shall be at 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 problems involving stability of slopes and 
shape of section. The contractor shall excavate and remove B.C. and clayey soils up 
to depth of 1000 MM for a discharge of 1.50 Cumecs and above 600 mm for a 
discharge of below 1.50 Cumecs and fill it with C.N.S. soils and compact for 
balancing the swell pressures exerted by soils. 

e) For Foundation: 
DO’S DO NOTS 

1. Verify dimensions and foundation levels as 
per drawing. 

1. Do not forget to compare bearing capacity 
of actual soils met with design strength. 
 

2. Wet the foundation surface to a depth of 
150 mm or to impermeable material 

2. Don’t lay the foundation concrete without 
wetting the surface. 
 
3. Do not lay the concrete under water and 
over slush  
 

3. Ensure the rock surface free from oil, 
objectionable coating unsound fragments. 

4. The minimum mixing time should not be 
less than 2 min. 
 
 

4. Check-up concrete batching of ingredients.  
5. Check the batch of cements and its make 5. Do not forget to keep stand by vibrator and 

needles. 
 

6. Check-up water cement ratio and slump 
test. 

6. Do not place concrete in raw in sufficiently 
heavy to wash mortar from concrete 
 

7. Ensure uniform mixing. 7. Do not forget to cast the cubes. 
 

8. Ensure proper compaction with vibrators 
and keep stand-by vibrator and needles. 
 

8. Do not allow segregation of concrete. 

9. Operate immersion type vibrators nearly in 
vertical position to vertical drain. 
 

9. Do not use unsatisfactory mix. 

10. Cure with water for 28 days. 10. Don’t allow admixtures 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 
surface at vertical joints 
 

2. Do not deviate from specified dimensions 
of cross section from -6 mm to + 12mm. 
 

3. Clean and cover with a layer of 10 to 15 
mm thick mortar of the same proportion of 
concrete mix for horizontal joints. 

3. Do not allow concreting until all form 
work installation of items to be embedded 
and preparation of surface involved are 
approved. 
 

4. Place the concrete at temperature between 
15oC to 30oC. 
 

 

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 foundation trenches, around structures and 
above lining key. 

 
i) General: 
a) The type of material used for backfill, and the manner of depositing the material, shall 

be subject to approval of the engineer. As far as practicable, backfill material shall be 
obtained from the excavation for structures or from adjacent canal excavation or from 
excavation of other ancillary works. Back filling shall be done with approved material 
after the concrete or masonry is fully set. 

b) Backfill material shall not contain stone larger than 7.5cm size. 
c) The pervious materials (sand) with profused watering used for backfilling around the 

cut off wall shall be placed as shown on drawings or as directed by the Engineer 
d) Backfill shall not be placed against' retaining walls until the retaining wall is cured 

adequately and is strong enough to take lateral pressure of the back fill. Trimming of 
the sides of excavation against which the back fill is to be laid shall be delayed until 
immediately prior to backfilling and any excessive drying of the surface shall be 
conditioned properly and made adequately moist to avoid potential desiccation of the 
rock or partly compacted/consolidated materials.  

e) The backfill material shall be placed carefully and spread in uniform layers. The 
backfill shall be brought up as uniformly as practicable on both sides of walls and all 
sides of structures to prevent unequal loading. The backfill material shall be placed at 
about the same elevation on both sides of the pipe portions of tile structures and 
culverts and difference in elevation shall not exceed 15 cm at any time. The 
contractor shall be responsible for providing adequate earth cover over pipe to 
prevent damage due to loads of construction equipment.  

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

 
ii) Compaction of Backfill : 

 
(a) When compacting the soil against the steep rock abutment walls of masonry or 
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concrete structures, the construction surface of embankment shall be sloped away 
from the rock or masonry or concrete structures leaving a minimum distance of 0.6 
metre and at an inclination of 3:1. Rollers shall not be used close to structures as 
structural damage is very likely more particularly when structures have not been 
fully cured. The size and weight of equipment will depend on nature of material, 
the height and load assumed in design of structure. The backfill close to the 
structure up to the rolled layer shall be compacted in suitable uniform layers, using 
pneumatic tampers as appropriate to obtain dry density of at least 98% of Proctor 
density. The moisture content of the earth fill placed against rock or the structure 
shall be on higher side of OMC by about 2% or so to allow it to be compacted into 
all irregularities of the rock, profuse watering shall be done to pervious materials 
(sand) before compaction as per instruction of Engineer. Compaction at junction of 
each work and backfill around the structure shall be carried out with special care 
without claiming any extra cost.  

 
(b) No payment shall be made for backfilling around the structures and consolidation 

as the cost of the same shall be deemed to have been included in the relevant item 
of concrete/masonry of bill of quantity. Full payment of the relevant item of 
concrete/masonry shall not be made till the contractor carries out the compaction of 
backfill as per the above specifications. Deployment of hand tampers be restricted 
to rare usage that too for very small jobs. 

 
iii) Structures on Backfill: 

 
Where the original ground surface is below the base of the structures or below the 
bottom of pipe, all fill required for the structures foundation and all fill up to the 
bottom of the pipe shall be placed as compacted embankment. The embankment 
over natural ground up to pipe bottom and over the pipe shall be laid in accordance 
with clause 9.2.4, 9.2.5 and 9.2.6 of I.S.783 of 1985. The compacted back fill shall 
be placed in horizontal layers not exceeding 15 Cm. after compaction.  Heavy 
stones shall neither be dropped on top of pipes nor shall 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, coarse aggregate, water 

and admixtures (if any) as specified all well mixed and 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, consistent with required strength/spacing 
of reinforcement and embedded items and placement thickness. The size of the 
coarse aggregate to be used will be determined by the Engineer-in-Charge and may 
vary incrementally according to the conditions encountered in each concrete 
placement. Nominal maximum size of aggregate for concrete in structures and 
canal lining shall be as indicated in the relevant drawings appended to the contract 
documents. Smaller coarse aggregate than specified shall be used where in the 
opinion of the Engineer-In-Charge that proper placements of concrete is 
impracticable with the size of the aggregate specified in the drawings. 

 c)   Mix Proportions: The proportions of various ingredients to be used in the 
concrete for different parts of the work will be established by proper mix design by 
the Engineer-In-Charge during the progress of the work. In proportioning concrete, 
the quantity of both cement and aggregate should be determined by mass as per 
clause 9.2 of I.S. 456 – 2000. Water shall be either measured by volume in 
calibrated tanks or weight. Batching plant shall confer to I.S. 4925 – 1968 (Indian 



 40 
  

Standard specifications for batching and mixing plant). All measuring equipment 
shall be maintained in a clean serviceable condition and their accuracy is 
periodically checked. Adjustments shall be made as directed to obtain concrete 
having suitable workability, impermeability, density, strength and durability 
without the use of excessive cement. The acceptance or rejection of concrete shall 
be as per the acceptance criteria laid down in clause – 15 of I.S. 456 – 2000. 

 
The mix design and average concrete strength shall be adjusted according to the 
cube strength test results conforming to clauses 14.2, 14.3, 14.4, 14.5, of I.S. 456 – 
2000. The contractor shall not be entitled for any additional allowances above the 
prices bid in the schedule due to adjustment of the mix proportions. 

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

 
Admixtures or pozzolonas if ordered shall conform to the requirements specified 
I.S. 9103 – 1979 (Indian Standard Specifications for admixtures for concrete). 

 
d)Consistencies: The slump of concrete at the placement shall be as follows: 

 
8.2.2.2. Reinforced cement concrete: 

 
Sl. 
No. Placing condition Degree of 

Workability Value of Workability 

01 Concreting of lightly reinforced sections 
without vibration or heavily reinforced 
sections with vibration. 

Medium 
25 mm to 75 mm slump 
for 20 mm aggregate 

02 Concreting of heavily reinforced sections 
without vibration High 

75 mm to 125 mm 
slump for 20 mm 
aggregate. 

 
ii)  For plain concrete work slump requirements mentioned in item-I above are  

applicable. 
 

iii) Lining with slip from machine – 60 to 70 mm and 50 mm for concrete pave 
finisher. 

 
If the specified slump is exceeded at the placements the concrete require lesser 
slump and concrete of such lesser slump can be consolidated readily into place 
by means of vibration specified by the Engineer-In-Charge. The use of any 
equipment which will not readily handle and place concrete of the specified 
slump will not be permitted.  
 
To maintain concrete at proper consistency the amount of water and sand 
batched for concrete shall be adjusted to compensate for any variation in the 
moisture content or grading of the aggregates as they enter the mixer. Addition 
of water to compensate for stiffening of the concrete after mixing but before 
placing will not be permitted. Uniformity in concrete consistency from batch to 
batch will be required. 
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DOS DO NOTS 
1. Check the reinforcement as per drawing 
2. Provide asphaltic pad and water stopper as 
per drawing. 

1. do not pass without proper cover 
 
2. Do not allow less lengths in over laps 

 
8.2.2.3 Concrete quality control measures and concrete Quality Assurance Test 
Programme. 

a) Concrete quality control measures: The Contractor shall be responsible 
for providing quality concrete to ensure compliance of the contract requirements. 

b) Concrete Quality Assurance Programme: The concrete samples will be taken 
by the departmental engineers and its quality will be tested in the departmental 
laboratory as per the relevant Indian Standard Specifications I.S. No.516 – 1959, 
and IS 1199 – 1959. 

 
8.2.2.4.  Tests: The Q.C/Construction unit will obtain samples, conduct tests in  

accordance with the methods of tests given below: 
a) Sampling of fresh concrete: As specified in clause 14 of I.S. 456 – 2000 (Indian 

Standard Code of practice for plain and reinforced concrete) samples from fresh 
concrete will be taken as per I.S. 1199 – 1959 (Indian Standards methods of 
sampling and analysis of concrete) and cubes shall be made, cured and tested at 
28 days age in accordance with I.S. 516 – 1959 (Indian Standard Methods of 
tests for strength of concrete). 

b) Density : Unit weight and yield. 
  The unit weights and yield will be tested in accordance 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 by placing a thermometer in the 

concrete immediately after sampling at the site of placement. 
f) Making and curing concrete test specimens in the field: I.S. 516 – 1959. 
g) Capping Cylindrical concrete specimens: I.S. 516 – 1959. 
h) Compressive strength of concrete specimen : IS 516 – 1959.  

 
8.2.2.5. Test Facilities: The contractor shall furnish free of cost samples of all 

ingredients of concrete for testing and obtain approval as from the Engineer-In-
charge. He should also supply free of cost, the samples of 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 purpose of those specifications, cement 
used shall be any of the following with the prior approval of the Engineer-In-Charge. 

 
Ordinary Portland cement of 43 and 53 grades conforming respectively to Indian 
Standard,  I.S. 8112 and IS 12269 is to be used. 
  
The provisions of this paragraph apply to cement for use in cast-in-place concrete 
required under these specifications. Portland cement required, for items such as 
concrete pipes, precast concrete structural members and other precast concrete 
products, for grout and mortar and for other items is provided for in the applicable 
paragraphs of these specifications covering the items for which such Portland cement 
is required. 
 
The Contractor has to make his own arrangements for procurement of cement of 
required specification. The co-efficient of variation in the compressive strength of 
cement should invariably be not more than 8%. The certified reports from 
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manufacturer of cement should include the test results in respect of the following data 
in fulfillment of the requirement of I.S. 269 – 1976. 
 
Alkali and Chloride Levels: Indian standard requirement is that total Alkalies 
should not exceed 0.6 % for O.P.C. and chloride not more than 0.05 %. 
 
Heat of Hydration: Indian standard requirement is that the head of hydration should 
not exceed 75 Cal / 28 days. 
 
The Cement plants (from which the contractors procure cement) should furnish the 
quality characteristics data on cement supplied by them.  
 
Sampling and testing will be done by the relevant authorities. No cement procured by 
the Contractor shall be used in any work until notice has been given by the engineer 
that the test results are satisfactory.  
 
The contractor shall create a suitable and adequate infrastructure for handling, storing 
and conveying bulk cement or bagged cement procured by themselves or by the 
employer, with advance planning of work to be done during next seven days, as 
approved by the Engineer. Cement shall be stored above the ground level in perfectly 
dry and water tight sheds and shall go stacked not more than eight bags height. 
Wherever bulk storage containers are used, their capacity should be sufficient to cater 
to the requirements at site and should be cleaned at least once in every 3 to 4 months. 
Cement more than 3 months old shall invariably be tested to ascertain that it satisfies, 
the acceptability requirements. 

 
b) Cement options: 

 
Cement shall be furnished in accordance with the following options. 

1. 43 grade and 53 grade ordinary Portland cement conforming I.S. 
8112 and IS 12269 shall be used for all R.C.C. works. 

2. Portland pozzolana cement conforming I.S. 1489 – 1976  shall be 
used for all works other than R.C.C. works. 

 
c) Materials: 

1. Ordinary Portland cement of 43 grade and 53 grade of IS   
8112 and IS 12269 

2.  Portland Pozzolana cement I.S. 1480 – 1976. 
d)  Acceptance of Cement: 

·  Tested cement will be accepted by the Department (Clause of IS 8112 and IS 12269 
e)       Acceptance of pozzolana: 

·  Pozzolona added to the concrete as an admixture will be sampled and tested as per 
I.S. 9103 – 1979. 

f)        Recovery of cost cement in wasted concrete etc., 
 

The cost of cement used in wasted concrete, in replacement of damaged or defective 
concrete, in extra concrete required as a result of careless execution, and in concrete 
placed by the contractor in execution intentionally performed to facilitate the 
contractor’s operations will be deducted from the payments due to the contractor. 

 
8.2.2.7. Water: 
The water used in making and curing of concrete, mortar and grout shall be free from 
objectionable quantities of silt, organic matter, injurious amounts of oils, acids, salts 
and other impurities etc., as per I.S. specifications No. 456 – 2000. 
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The Engineer-In-Charge will determine whether or not such quantities or impurities are 
objectionable. 

 
Such determination will usually be made by comparison of compressive strength, water 
requirement, time of set and other properties of concrete made with distilled or very 
clean water and concrete made with the water proposed for use. Permissible limits for 
solids when tested in accordance with I.S. 3025 – 1964 shall be as tabulated below: 

 
 

Permissible limit for solids 
 

  1. Organic   Maximum permissible limit 200mg/ ltrs 
 
  2. Inorganic   3000  mg / litre 
 
  3. Sulphates (as SO4)  400 mg / litre 
 
  4. Chloride (as CL)  2000 mg / litre for plain concrete 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 than 6 and the acceptable range of PH 
value is with in 6 to 9.  

 
If any water to be used in concrete, mortar or grout is suspected by the Engineer-In-
Charge of exceeding the permissible limits for solids, samples of water will be obtained 
and tested by the Engineer-In-Charge in accordance with I.S. 3025 – 1964. 

 
8.2.2.8.  Sand: (Fine Aggregate) 

a) GENERAL:  The term sand is used to designate aggregate most of which 
passes 5.75 millimeters I.S. Sieve and contains only so much coarse material as 
permitted in clause 4.3 of I.S. 383 – 1970. Sand shall be predominantly natural 
sand which may be supplemented with crushed sand to make up deficiencies in 
the natural grindings. 

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

 
Sand delivered to the batching plant, shall have a uniform and stable moisture 
content. Determination of moisture content shall be made as frequently as 
possible, the frequency for a given job being determined by the Engineer-In-
Charge according to weather conditions (I.S. 456 – 2000) 

 
b) Quality: The sand shall consist of clean, dense, durable, uncoated rock 

fragments, as per I.S. 383 – 1970. 
 

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

 
Organic impurities in Sand: Colour no darker than the specified standard in 
clause 6.2.2 of I.S. 2386 (Part – II) 1963. (Indian standard method of test for 
aggregates for concrete part – II estimation of deleterious materials and organic 
impurities). 
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Sodium Sulphate Test for soundness: The sand to be used shall pass a Sodium 
or Magnesium Sulphate accelerate test is specified in I.S. 2386  (Part-V) for 
limiting loss of weight. 

 
 Specific Gravity: 2.6 minimum 
  

Deleterious substances: 
The amounts of deleterious substances in sand shall not exceed the maximum 
permissible limits prescribed in table 1 clause 3.2.1 of I.S. 383-1970 (Indian 
Standard Specification for coarse and fine aggregates from natural sources for 
concrete) when tested in accordance with I.S. 2386 – 1963. 

 
c) Grading:       

The sand as batched shall be well graded and when tested by means of standard 
sieves shall conform to the limits given in table-4 of I.S. 383 – 1970, and shall 
be described as fine aggregates, grading zones- i, ii, iii and iv. Sand complying 
with the requirements of any of the four grading zones is suitable for concrete. 
But, sand conforming to the requirements of grading zone-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 term “Coarse Aggregate” 
designate clean well graded aggregate most of which is retained on 4.75 mm I.S. 
sieve containing only so such finer material as permitted for various types described 
under clause 2.2 of I.S. 383 – 1970. Coarse aggregate for concrete shall consist of 
uncrushed gravel or stone, crushed gravel or stone and partially crushed gravel or 
stone. 
 
Coarse aggregate for concrete shall be furnished by the contractor from the sources 
specified in the lead chart forming the contract documents. 
 
Coarse aggregate as delivered to the batching plant shall generally have uniform and 
stable moisture content. In case of variations, clause 9.2.3 of I.S. 456 – 2000 shall 
govern during batching. 
 
b) Quality:  The coarse aggregate shall consist of naturally occurring (crushed or 
uncrushed) stones, and shall be hard, strong durable, clear and free from veins and 
adherent coating, and free from infurious amount of disintegrated pieces, alkali, 
vegetable matter and other deleterious materials. Coarse aggregate will be rejected if 
it fails to meet any of the following requirements. 

 
1. Los-Angeles abrasion test: The abrasion value of aggregate when tested in 

accordance with the method specified in I.S. 2386 (part-IV) using Los-Angeles 
machine shall not exceed 30 % for aggregates to be used in concrete for wearing 
surface and 50 % for aggregate to be used in other concrete. 

2. Aggregate crushing strength test: Aggregate crushing value where determined in 
accordance with I.S. 2386 (part-IV) 1963 shall not exceed 45 % for aggregate 
used for concrete other than wearing surface and 30 % for wearing surfaces. As 
an alternative to the crushing strength test, aggregate impact value will be 
determined with the method specified in I.S. 2386 (part-IV) 1963. The aggregated 
impact value shall not exceed 45 % by weight for aggregate used for concrete for 
other than wearing surfaces and 30 % by weight for concrete for wearing surfaces 
such as runways, roads and pavements. 
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3. Soundness Test: The coarse aggregate to be used for all concrete works shall pass 
a Sodium or Magnesium Sulphate accelerated soundness test specified in I.S. 
2386 (part-IV) – 1963 and the average loss of weight after 5 cycles shall not 
exceed the limits specified in clauses 3.667 of I.S. 383 – 1970. 

4. Specific Gravity: 2.60 minimum. 
5. Deleterious materials: The maximum quantity of deleterious materials in coarse 

aggregate shall not exceed the limits specified in Table-I of I.S. 383 – 1970 when 
tested in accordance with I.S. 2386 – 1963. 

 
c)  Separation: The coarse aggregate shall be separated into nominal sizes during 

production of the aggregate. Just prior to batching, the coarse aggregate shall be 
rewashed by pressure spray and finish screened on multi-deck vibrating screen 
capable of simultaneously removing undersized and over-sized aggregate from 
each of the nominal aggregate size. If variations in the water content of the 
aggregates entering the batches occur during intermittent batching then a 
dewatering screen will be required after the finish screens to remove the excess 
free moisture. Finish screens shall be mounted over the batching plant or on the 
ground adjacent to the batching plant. Finish screens shall be so mounted that the 
vibration of the screens will not be transmitted to the batching bins or scales and 
will not affect the accuracy of the weighing equipment in any other manner. 

 
The method and rate of feed for finish screening shall be such that the screens 
will not be over loaded and will result in a finish product which meets the grading 
requirements of these specifications. Coarse aggregate shall be fed to the finish 
screens in a combination of alternations of nominal sizes which will not cause 
noticeable accumulation of poorly graded coarse aggregate in any bin. The finish 
screened aggregate shall pass directly to the individual batching bin in such a 
manner as to minimize breakage. Minus 2.36 mm material passing through the 
finish screens shall be wasted unless it is routed back through a sand classifier in 
a manner which causes uniform blending with the natural sand being processed. 
Water from finish screening shall be drained in such a manner as to prevent 
aggregate wash water from entering the batching bins and weighing hoppers. 
Washing and finish screening requirements shall be subject to approval by the 
Engineer – In- Charge. 

 
Coarse aggregate for concrete shall be separated into various nominal maximum 
sizes specified in the relevant drawings. Separation of the coarse aggregate into 
the specified sizes after finish screening shall conform to the grading 
requirements specified in Table-2 of I.S. 383 – 1970 when tested in accordance 
with I.S. 2386 – (Part-I) 1963 (Method of test for aggregate for concrete Part – I 
particle size and shape). 
 
Coarse aggregate for mass concrete may be separated as previously herein 
specified. Separation of the coarse aggregate into the various sizes shall be such 
that when tested in accordance with I.S. 2386 (part – I) 1963 shall conform to the 
requirements specified in Table-3 of I.S. 383 – 1970. 
 
Sieves used in grading tests will be standard mesh sieves conforming to I.S. 460 
(Part – I) – 1978 (Specification for test sieves Part – I wire cloth test sieves). 

 
8.2.2.10. MIXING: 

a)  General: The concrete ingredients shall be thoroughly mixed in mechanical 
mixers designed to positively on sure uniform distribution of all the component 
materials throughout the concrete at the end of the mixing period. Mixing shall 
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be done as per clause 9.3 of I.S. 456 – 2000. The mixer should comply with I.S. 
1791 – 1968 (I.S. specifications for batch type concrete mixers). 

 
The concrete as discharged from the mixer shall be uniform in composition and 
consistency from batch to batch. Workability shall be checked at frequent 
intervals as per I.S. 1199 – 1959. Mixers will be examined regularly by the 
Engineer-In-Charge for changes in conditions due to accumulation of hardened 
concrete or mortar or to wear of baldes. The mixing shall be continued until 
there is uniform distribution of the materials so that the mass is uniform in 
colour and consistency and to the satisfaction of the Engineer-In-Charge. If 
there is segregation after unloading the concrete should be remixed. 

 
Any mixer, that at anytime produces unsatisfactory mix, shall not be used until 
repaired. If repair attempts are unsuccessful, a defective mixer shall be 
replaced. Botch size shall be at least 10 % of, but not in excess of the rated 
capacity of the mixer unless other wise authorized by the 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 depends much of the successfully 
performance of lining. Failure or cracking of lining in many cases can be attributed in 
some measure to poor preparation of sub-grade. Due stress is therefore to be laid on 
control and proper preparation of sub grade for lining. Sub-grade indifferent soil 
reaches shall be prepared based on IS : 3873-1966. 

 
8.3.1.1 Preparation of Sub-grade consisting of Earth: 
The sub-grade should be prepared dressed and rolled true to level according to the 
required cross-section of the canal to form a firm compacted bed for the lining. Sample 
profiles true to the cross section of the canal should be made at suitable intervals to 
ensure correct formation of the sub grade. If at any point material of sub-grade has been 
excavated beyond the neat lines required to receive lining. The excess excavation 
should be filled with material compatible with sub-grade material and thoroughly 
compacted. 

 
The consolidation of the bed in predominantly sandy reaches should be done by over 
saturating the bed by flooding it with water before lining is laid. The consolidation of 
sides in such reaches should be done by over cutting the sub-grade by 15 cm and re-
filling it with sand concrete with adequate quantities of cement or by vibro-compactors. 
The relative density of the compacted sub-grade shall be at-least 70%.. 

 
All compaction in other than predominantly sandy reaches should be done at optimum 
moisture content in layers not more than 15 cm thick to obtain a dry bulk density of not 
less than 95 percent of the density at optimum moisture content compaction of sub-
grade, depending upon the position of sub-soil water level shall be carried out in 
accordance with I.S: 3873-1966 and by employing Nuclear gauges. (In-situ cement 
concrete lining in canals) 

 
8.3.1.2 Sub-grade Density and Moisture Control: 
A sound dense earth foundation, carefully trimmed and pre-moistened before lining 
placement are critical steps, prerequisite to a good lining construction. Required 
foundation density of embankment and preparation coupled with moisture control are 
the key requirement. At the time, concrete is placed the sub-grade is required to be 
thoroughly moist (but not muddy) for a depth of about 12 to 15 cms and 20 to 22 cm in 
case of sand as else the concrete would extract moisture from the sub-grade. 
Compliance of these requirements must be recorded by the QC staff in the OK card. 
Photographic record showing the actual use of very fine spray nozzles instead of hose 
(for moistening the compacted sub-grade) should also be kept. 

 
8.3.1.3 Preparation of Sub-grade consisting of Rock: 
The Sub-grade should be prepared and dressed true to level and according to the 
required cross-section of the canal. All excavation including over breakage below lines 
of under side of lining should be filled completely up to the lines of the under side of 
lining with suitable material. viz. spalls. lean concrete or sand compacted to density 
equivalent to sub-grade. Care should be exercised in selecting refill material for use 
over fractured rock of rubbles because of the danger of washing of fines into the sub-
grade voids and thus loosing support.  

 
8.3.1.4 Preparation of sub grade consisting of Expansive Soils (IS: 9451-1994)  

(a)  Field and laboratory experiments shall be carried out to determine the physical, 
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textural, Engineering and Chemical properties of the black cotton soils/expansive 
soils and evaluate the swelling pressures of soils in various reaches to establish 
the thickness of CNS layer required so that the resulting deformation is within the 
permissible limit. 

 
In respect of the provision of CNS layer in the bed. it shall be as worked out from 
the consideration of swelling pressure. However the thickness of CNS layer to be 
provided on slopes shall in addition, be governed by the construction 
considerations viz., from rollable width consideration for achieving effective 
compaction. 

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

 
The samples of in-situ expansive soils in bed and side of canals are to be 
collected.  Necessary tests are to be conducted for swell pressure in addition to 
differential free-swell index, by R.K. Katti’s method and thickness of CNS layer 
has to be decided depending upon the carrying capacity of canal for balancing the 
swell pressure as per the values furnished in the table given below as per I.S. 
9451-1994. 

   
IS 9451 – 1994 specifies thickness of CNS soils to be placed depending upon the 
swelling pressures of B.C. soil and carrying capacity of canal as has been listed in 
the tables I & II (on Page 49)i.e. Thickness of CNS layer.  Also the CNS material 
shall be laid and compacted to 0.45m beyond the finished profile (wherever 
directed by the Engineer). This will provide a horizontal width of about 2.25m 
corresponding to the canal slope of 1.5:1 which is the optimum width required for 
compaction by power driven 8 T to 1O T rollers. The extra width so laid shall be 
trimmed to the required profile. Sketch B and Annexure II is enclosed in Page 54 
and 55 

8.3.1.5. Specification of CNS Soil 
 

(i) Gradation of C.N.S. Soil 
  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% 
 

(ii) The CNS material shall be non-swelling. with a maximum swelling pressure of 10 
KN/m2 when tested in accordance with IS 2720 (Part-41) - 1977 at field moisture 
content over dry condition and minimum cohesion. 

 
(iii) Index Properties:  

  1. Liquid Limit less than 50% but greater than 30%. 
  2. Plasticity Index less than 30% but greater than 15% 
 
 

8.3.1.6 CNS Treatment: 
 

·  Identifying parts of canals where expansive soils are met with through laboratory 
tests to decide if CNS treatment is required. 

·  To identify quarries where CNS soils are available and confirm suitability 
through laboratory tests on samples taken from various parts of the quarry to 
satisfy the representative ness. 

·  To go though all the Q.C. operations narrated in banking part above. 
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8.3.1.7 Specification of CNS Soils: 

 
(i) Index properties  

 
< 50% but > 30% 

 
P.I. < 30% but > 15% 

 
(ii)  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) 
 

(iii)  The CNS material shall be non-swelling, with a maximum swelling pressure of 
10 KN/m2 when tested in accordance with I.S: 2720 (Part 41) – 1977 at field 
moisture content over dry condition and minimum cohesion.  

 
Table – I Thickness of CNS Layer, Carrying 

Capacity less than 2 cumecs 
 

Thickness of CNS layer in cm Discharge is cumecs 
Swell pressure 50-150 KN/m2 Pressure more than 150 KN/m2 

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 – II Thickness of CNS Layer, Carrying  

Capacity of 2 cumecs and more 
 

Swelling pressure of soil 
KN/m 2 

Thickness of CNS Materials 
Cm (min) 

50 to 150 75 
50 to 300 85 
300 to 500 100 

 
 

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

 
Sub grade preparation – tolerances:  Tolerances in the preparation 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 profile 
 i.e.. bottom or lining. 

1. Do not allow concrete lining on loose sub-
grade. 

2. Check the canal profile with reference to 
model sections. 

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

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

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

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

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

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

5. Do not allow lining without wetting the 
sub-grade suitably. 

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

 

7. Provide porous plugs of size 375 mm long x
100 mm dia in each panel with local filters of 
graded metal and sand size 600 x 600 x 750 
mm. 

 

8. Provide longitudinal and transverse drain of 
size 600 x 750 mm filled up with graded metal 
and sand as per drawing. 

 

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 in the canal prism as shown in the 
drawings.  The contractor shall not place concrete for canal lining during rains. 

 
Before placing the concrete for lining canals, the earth work shall be completed to 
sub-grade and the foundation shall be trimmed as explained under preparation of sub-
grade.  Concrete in canal lining shall conform to clause 9.6.2 in this chapter.  The 
mixing and laying of concrete for lining shall be in accordance 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 for the day, interrupted because of 
break down or delayed by other causes or where the contractor elects to construct a 
joint such as would result from constructing one half of the lining in one pass, the 
edge of the fresh concrete lining shall be bulk headed  to a surface normal to the 
lining along transverse or longitudinal lines.  Before placing operations are resumed, 
the surface of the hardened concrete shall be prepared as construction joint. 

 
The fresh concrete shall then be placed against the existing concrete with the full 
groove for required contraction joint formed in between them.  The completed groove 
shall be sealed with sealing compounds as per clause 6.3 of IS 3878-1978.  Where 
concrete lining joints a structure, sponge rubber filler and sealing compound shall be 
placed as shown on the drawings. Refer sketch “C” for illustration and guidance 
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8.3.1.10. Contracting joints for concrete lining: 
General:  Joint shall be constructed in concrete lining as shown in the drawing 
and shall conform to clause 6.2, 6.2.1, 6.2.2, 6.3, 6.3.1 and of IS 3873-1978.  The 
joint shall be made along straight lines to the detailed dimensions shown in the 
drawings and shall be maintained to the required shape and dimensions during 
any subsequent finishing operation until the concrete has hardened. 

 
Joints shall be continuous across and along the canal section.  Transverse 
contraction joints shall be terminated at the top of the side slopes and a 20mm 
minimum depth grooved shall be tooled across the concrete curb from the end of 
each transverse joints.  No filler or scalar will be required for these tooled 
grooves.  

 
To facilitate special condition at structures and where concrete lining placing 
operations are stopped for the day, interrupted because of break down or delayed 
by other causes, transverse contraction joints may be placed at spacing shown on 
the drawings.  The spacing shall not be less than one half 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 levels. 
 

1. Do not allow the concrete Over loose sub 
grade. 

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

2. Do not allow lining without wetting sub. 
grade. 

3. Allow the ingredients of fine and coarse 
aggregate as per required mix by weigh batching. 

3. Do not allow C.C. lining manually without 
vibration. 

4. Check the calibration of weighing machine at 
batching plant.  

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

5. Check the water meter and its discharge.  
 

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

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

6. Do 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 sealing 
compound without cleaning with air water jet or 
sand blast. 

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

8. Do not allow any projections or contraction 
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 its 
compressive strength.  

10. Do not remove the channels immediately 
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 passes 12. Do not allow to sink the porous plugs in the 
drains. 

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

13. Do not allow lining without making proper 
arrangements for curing with water. 

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

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

15. Checking placing of mastic pad at structures of 
construction joints. 
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16. Allow concrete lining at temperature 
between 15oC and 32oC. 
 

 

 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. 
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30 to 75 cm thick for less than 2 cumecs canal discharges (Based on swell pressure as per Table –I page 68). 
75 to 100mm thick for more than 2 cumecs canal discharge (based on the swell pressures as per Table – II page 68). 
CNS material shall be laid in layers and each layer shall be compacted to the specified density. 
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8.4. CONCRETE  (IS CODES 383.269.2116.2386.456.516. 1199.3878.9103) 
 

CONSTRUCTION JOINTS & TECHNIQUE OF GREEN CUTTING 
 

8.4.1. Construction Joints: 
Concrete shall be placed in massive structures in lifts which are generally 1.5 m high. To 
develop proper bond between the lifts the concrete surface shall be free of all laitance, 
coating stains, defective concrete and all foreign material 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 green-cut with an air-water jet. Green 
cutting is usually done 8 to 12 hours after the top surface of a concrete lift has been 
completed and sufficiently hardened. The actual time for taking up the green cutting 
operation shall depend upon the following factors: 
a) Concrete placement temperature 
b) Atmospheric temperature 
c) Concrete mix: and 
d) Slump 

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

 
8.4.1.2 Green Cutting If Done At The Proper Time, Shall Yield Very Good 

Results : 
When started too early, it shall result in over-cutting and removing too much mortar. 
It is also liable to loose the aggregate particle and leaving too poor a surface to bind 
the fresh concrete. On the other hand. if green-cutting is delayed too long, the cutting 
action of the air and water jet would be ineffective for proper removal of laitance. It 
therefore requires much greater care and judgment for proper use at the proper time.
  

 
8.4.1.3 Skill Of Jet Operator 

Besides determining the proper time for initiating green-cutting the process will 
require constant attention on the part of the air-water jet operator. By correct 
manipulation of the high velocity air-water jet a trained operator can ensure the 
removal of the thin surface film of laitance and grout effectively and at the same time 
leaving the aggregate stones already embedded in the mortar, undisturbed. 

 
8.4.1.4 Proper Air-Water Gun 

In addition to the skill of the jet operator a proper air-water gun is also a vital 
requirement for effective green-cutting. The issuing nozzle must be about 460 mm 
(18 inches) long to ensure the requisite cutting force close to the concrete surface. A 
dimensioned sketch of an air-water gun is enclosed as Annexure - III. 

 
8.4.1.5 Quantum Of Compressed Air And Water: 

For effective green-cutting, it is essential that the air pressure should be around 6.33 
to 7.03 kg/cm2 (90 to 100 lbs. Per square inch.) It should not be allowed to fall below 
90 lbs per square inch. The water pressure, of course, should be sufficient to bring the 
water into effective influence of the air pressure. As an approximate estimate the 
quantity of compressed air required by the green cutting gun is 2 cubic meters per 
minute (70 dm) and the ,quantity of water 60 gallons (273 liters) per minute. 
 

8.4.1.6 Sand Blasting: 
Sand blasting is the process of roughening and cleaning the surface of old and set 
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concrete by means of coarse sand and air applied under pressure of 90 to 100 pounds 
per square inch (6.33 to 7.03 kilograms per square centimeter) through a nozzle so as 
to erode the laitance and grout from the old and fresh concretes monolithic. Sand 
blasting of rock is also done so that concrete may be placed on or against a clean 
surface as required according to specifications. 

 
There are two types of sand blasting. namely "wet sand blasting" and "dry sand 
blasting". In wet sand blasting water is also used along with sand and air under 
pressure. while in the latter. only sand and air under pressure are used. Normally the 
concrete and rock surface etc.. are wet sand blasted to keep down the dust. 

 
The percentages of different sizes of sand particles for efficient 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 that pressure of air should be between 90 to 
100 pounds per square inch (6.33 to 7.03 kilograms per square centimeter). If 
pressure falls below 90 pounds per square inch (6.33 kilograms per square 
centimeter). sand blasting becomes ineffective. If sand having large percentage of 
fines is used, it will not provide the requisite cutting power and the whole effort goes 
waste. A good quality well graded "sand-blast sand" is needed for achieving the 
objective of sand blasting. 

 
8.4.1.7. Admixtures : 

In Gorakallu Bypass Syphon Structure. with heavy congested reinforcement and poor 
accessibility pumping of concrete becomes inevitable and takes longer time without 
the process of pumping. The concrete mix for the above is to be designed with high 
workability. The slump of 60 mm specified in the agreement is not at all sufficient. 
Further at high cement air entrained concrete becomes sticky and difficult to flush. 
But as per A C I report concrete with a slump greater than 190 mm that remains 
cohesive without excessive bleeding and segregation or abnormal retardation is 
known as flowing concrete. Flowing concrete is useful for pumping because it 
reduces pumping pressure and increases both the rate and distance that the concrete 
can be pumped. 

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

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

 



 59

 
8.5) SHOT - CRETING  

 
Specifications & Procedure of Application. 
 

8.5.1. Materials for Shot creting :  
Cement, sand, coarse aggregate, water and admixtures are used in the shot – crete mix. 
Ordinary Portland Cement, 43 Grade or 53 Grade will be used. 

 
8.5.1.1 Sand: Well graded sand as per either of the following grading can be used. 

 
SAND 

 
Percentage by mass passing for Sieve Designation 

Grading – I Grading - II 
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 substances and organic impurities. 
 

8.5.1.2. Coarse Aggregate:  
The maximum size of coarse aggregate should be restricted to 10 mm. It should be free 
from impurities, clay / shale particles, and conform to the requirements of impact, 
abrasion, and crushing criteria (viz less than 45 %) and the soundness acceptance criteria 
(less than 12 % with sodium sulphate method). It should have a specific gravity of not less 
than 2.6. The aggregate should be well graded and should 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 than 6 and not more than 8.5 

will be used. 
 

8.5.1.4. Chemical Additives:  
The following additives be used in the concrete mix in the ‘Dry Mix Process’ of shot 
creting. 

·  Sodium Carbonate   = ½ Kg per 50 Kg bag of cement  
·  Sodium Aluminate   = ½ 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 viz 4.5 Kg of super plasticizer for 450 Kg 

cement to be used in the mix.  
·  Accelerator (say sodium Silicate) @ 5 % by weight of cement 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 essential for a satisfactory shot creating operation. 
The compressor should be fitted with a moisture extractor to deliver clean and dry air. For 
hose length of up to 30 m, air pressure at the nozzle should be 0.3 N / mm2 or more. 

 
8.5.1.6 Water supply:  

The water pressure at the discharge nozzle should be sufficiently greater than the operating 
air pressure to ensure that the water is intimately mixed with the other material. 
 
Properly applied Shot Crete is a structurally adequate and 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 within the range of 0.40 to 0.50 by mass. 
The mix should have a 28 day characteristic compressive strength of not less than 200 Kg / 
cm2 though strength of 250 kg / cm2 would be preferable. Normally the following mix 
proportions would be adequate. 

 
Cement      =  450 kg / m3 

Sand      = 1100 kg / m3 (0.70 m3) 
Coarse aggregate (5 mm – 10 mm size) =  500 Kg/M3 (0.30 M3)  
Proportioning of mix   = 1:2.44:1.11  

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

 
1. All unsound and deteriorated concrete be removed and chipping done, wherever necessary, 

or sand blasting done. 
2. Exposed reinforcement bars be cleaned free of rust / scales. Additional reinforcement be 

provided if and as warranted. 
3. Ensure sufficient clearance around the reinforcement to permit complete encasement with 

sound shot crete. A clearance of at least 50 mm should be provided. 
4. Air – water jet be applied for final clean – up of the surface. Spray pneumatically the first 

layer of shot crete of about 38 mm thickness (hollow pockets) will consume more shot 
crete). 

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

6. The second and final layer of shot crete of thickness ± 38 mm be than pneumatically 
sprayed over the first layer. The finished shot crete surface should be kept continuously 
wet (viz. cured) for at least 7 days. Alternately, ‘membrane –forming chemical curing 
compound’ be used for curing. A re-bound of 25 % to 30 % would occur and the re-
bounded material is not to be re-used in the shot crete mix. 

 
8.5.1.9. Quality Control of Shot - Creting 

The shot creting operation should be continuously inspected by the engineers who should 
check the materials, concrete mix, shot creting equipment, application of shot crete, and 
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curing. The finished surface should be sounded with a hammer for detection of any hollow 
pockets due to lack of bond. Such hollow pockets or other defects are required to be 
carefully cut out and replaced with the new shot crete layer. The first layer is also to be 
sounded with a hammer and remedial action taken for any 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 the materials, and the methods and workmanship for 
providing a 50mm. thick guniting on the upstream face of masonry dam including preparation, 
providing and fixing reinforcement fabric, placing gunite finishing and curing.  

 
8.6.2 Materials 

The cement shall be ordinary portland cement conforming to I.S 8112: 1989 or I.S. 12269 : 
1987, for use in massive structures.  
 
The sand shall consist of natural sand and shall be strong, hard, coarse, sharp, chemically inert, 
clean and free from any coatings, organic or any other impurities that may impair the strength 
or durability of the gunite mortar and shall conform to I.S. 1542.  It shall be well graded and 
particles shall range in size within the limits as specified in the latest relevant I.S. 
specifications.  The fineness modules shall be between 2.4 to 2.8.  The sand shall be screened 
and thoroughly washed so as to remove all earthy impurities and shall be dry before being 
used for the mix. 
 
The steel reinforcement where used, shall be of hard drawn steel wire fabric of mesh size 150 
mm x 150mm formed of 3.15 mm. dia. steel wires, conforming to I.S. 1566.  The mild steel 
rod to be used as dowels or nails for anchoring the I.R.C. fabric shall conform to I.S. 432.  The 
steel shall be free from loose mild scale, rust, oil, grease and other deleterious matter, before 
being placing in-situ.  
 
The water proofing compound shall be of approved quality conforming to I.S. 2645. 
 
The water for mixing the grout shall be clean and free from earth, organic matter, acids and 
alkaline substances in solution or in suspension, with the turbidity within permissible limits. 

 
8.6.3. Preparation Of Surface For Guniting 

The masonry surface where guniting is required to be done shall be made rough by chipping 
and raking out mortar joint deep or as directed by the Engineer-in-Charge.  Chipping shall be 
done by using pneumatic chippers or manually by using chisels and hammers.  After 
roughening the surface and raking of joints, the face shall be cleaned and washed by air and 
water jets under pressure.  It shall be ascertained that no loose material, dirt, etc., is left on the 
face. 

   
8.6.4. Fixing Reinforcement  

10mm dia. M.S. rods are to be securely fixed in masonry or concrete at 1m intervals both 
horizontally and vertically to a minimum depth of 225mm. either by drilling holes or any other 
approved method.  After the rods are fixed, the hard drawn steel wire fabric reinforcement is to 
be securely tied to these rods by using binding wire of approved quality.  The minimum space 
of 20 mm, is to be maintained between the surface of the Dam and the fabric reinforcement.  
The adjacent sheets of wire fabric both horizontally and vertically shall be lapped at least 
150mm.  and firmly tied together with the binding wire of approved gauge.  There should be at 
least 20mm. cover for the anchor rods. 
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Suitable additional anchor bars shall be provided at proper 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 50mm.  Gunite shall consist of an intimate mixture 
of ordinary portland cement, dry sand fly ash (Where used) and approved water proofing 
agent, by weight, 1½  Kgs. of water proofing compound is to be added for 50 Kgs. of cement. 
All the ingredients shall be thoroughly mixed by machine mixing before feeding into the 
guniting machine. Hand mixing will not be generally permitted unless special approval is 
accorded. 

 
The mixing operation shall continue for not less than 1 ½ minutes after all the ingredients have 
been placed in the mixer.  Hand mixing, if permitted, shall be thorough and should be done on 
a clean and water tight floor.  The water content shall be regulated so that the mix is elastic 
enough to give good compaction and a low percentage of rebound and stiff enough not to sag. 

 
8.6.6. Placing Of Gunite 

The equipment used for guniting shall be capable of discharging the sand-cement mixture into 
the delivery hose under close control and it should deliver a continuous smooth stream of 
uniformly mixed materials at the proper velocity to the nozzle.  The discharge nozzle shall be 
equipped with a manually operated water injection system for directing an even distribution of 
water through the sand-cement mixture.  The water valve shall be capable of ready adjustment 
to vary the quantity of water and shall be located convenient to the nozzle operator.  A nozzle 
velocity of about 150 m/sec is preferable. 

 
The required layer of gunite is to be built up by making several passes of the nozzle over the 
working area.  The gunite shall emerge from the nozzle in a steady stream.  If the flow 
becomes intermittent, the nozzle shall be directed away from the face.  The nozzle shall be 
held at a distance of about one metre and shall be perpendicular to the application surface, 
except when guniting through reinforcing bars, the nozzle shall be held close and at a slight 
angle to permit better encasement and facilitate removal of rebound.  Special care shall be 
taken to ensure that no loose material is left behind the reinforcement bars.  Corners, re-entrant 
surfaces and pockets shall be filled first.  The gunite shall be applied in thick layers normally 
12mm ( ½” ) thickness or as directed by the Engineer-in-Charge under a pressure of 5 to 7 
Kg/cm2. 

 
When the work is to be suspended at the end of the day or otherwise, the gunite shall be 
tapered, where practicable, to a thin edge over a width of 30cm.  Before work is resumed, the 
surface of the gunite upon or against which fresh gunite is to be placed shall be thoroughly 
cleaned, and roughened and shall be wetted to ensure adequate bond between old and new 
gunites.  The contractor shall take such preventive measures as the Engineer may consider to 
prevent injury to or the formation of objectionable coatings on completed gunite surfaces by 
particles, dust or rebound from subsequent guniting operation.  
 
Materials which rebound and drop down, shall in no case be re-used and must be immediately 
removed and disposed off.  The guniting shall be done in such a manner that waste of cement 
due to rebound is minimum.  In any case, the consumption of cement shall not normally 
exceed 50Kgs. per sq.m. of gunited surface.             

 
The natural gun finish is preferable but when greater smoothness is desired, a fresh coat 
containing fine sand shall be applied. 
 
During the period immediately followed by the placing of the gunite, the gunite shall be 
protected against injury from any cause which in the opinion of the Executive Engineer might 
result in weakening the bond between gunite and the surface to which it is applied or in 
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otherwise injuring the gunite.  As soon as the gunite is set, it shall be properly cured and 
protected.  

 
After completing the guniting and after the mix is set, the surface should be thoroughly 
sounded by a hammer for drumming areas resulting from rebound pockets or lack of bond, 
etc., which should be cut out and replaced to the entire satisfaction of the Engineer.  Any 
guniting which is damaged or found to be defective any 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 broadly follow the procedures outlined in Indian 
Standard Specifications: 1.5. 6066 : 1994 (Second Revision) and Indian Standard 
Specifications 1.5. 11293 (Part 2) 1994. 

 
8.7.2. Drilling: 

a) The actual locations spacing direction and depth of grout holes however will depend on 
the nature of the rock the results of water pressure of other test core drilling and results of 
the actual grouting shall be as directed by the Engineer. The order in which the holes are 
drilled and the manner in which each hole is drilled and grouted the proportions of cement 
and water used in grout, the type and quantity of admixtures used, the time of grouting the 
pressure used in grouting, the depth at which packers are to be fixed and all other details of 
the grouting operations shall be recorded. Each grout hole shall be water tested and 
grouted in sections or stages located between depths in the hole best suited to treat the 
geological defects of the foundations as determined are to be recorded. For curtain 
grouting below the earth dam the grout holes may be drilled using either diamond or 
percussion drilling at the convenience at site. When percussion drills are used the holes 
shall be cleared carefully. However for areas like fault zones etc.. the method of drilling 
shall be as per specifications. The minimum diameter of each grout hole shall not be less 
than that produced by the appropriate commercial standard drill bit. 

b) Holes shall be drilled vertically or at an inclination to the vertical or as required by site 
conditions. Exploratory holes shall not deviate from the required direction by more than 1 
percent of the length of the hole as measured at the point of maximum penetration. 

c) On completion of drilling. the holes shall be immediately capped or plugged with wooden 
plug or steel caps and shall be protected from entry of dirt,. muck. grout water or any kind 
of waste drilled holes or portion of holes shall not be left ungrouted for a long time. 

d) All holes remaining open on completion of work shall be back-filled with grout. 
 

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

 
1. Location 
2. Bore Hole 
3. Type and diameter of holes 
4. Ground Level 
5. Immediate, intermediate and equilibrium water levels with times and dates, note 

on colour and losses. 
6. Description and state of weathering of rock and the levels of its boundaries. 
7. Percentage core recovery. 
8. Rock quality designation percentage. 
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9. Type of core barrels used. 
10. A record on progress of drilling, rate of penetration, type of bit etc. 
11. Water pressure test results. 
12. Special observations, If any. 
13. Date of starting and completion. Strong 1.05m long teak wood core boxes as per 
IS : 40781980 should be used for preservation of core recovered. 

 
 
Cleaning Of holes 
Before grouting and when a suitable small group of holes have been drilled, all but three holes 
(consecutive or as otherwise considered suitable for the purpose of cleaning and more or less than 
three holes as may be required) shall be closed temporarily at the surface. Water and air shall be 
pumped under pressure as per standards into two holes and allowed to escape from the third until 
all possible loose materials and mud etc., has been washed out of communicating seems or other 
passage ways, if any. Combination of three holes at a time shall thus be cleaned before applying 
any grout into the holes. Suitable valves shall be used to permit alternate or continuous injection of 
air and water and for quickly switching the flow from one hole to the other so as to produce the 
turbulent action necessary to dislodge the softer material, if any. Water will be connected to one 
hole and air to the other which shall be an adjoining hole. The water and air connections shall be 
interchanged at frequent intervals to cause water to flow in every possible direction. The operation 
should be continued till reasonably clear water emerges out of the holes. 
 
Pressure Testing holes 
When during drilling, abnormal gain or loss of drill water is observed or caving of the hole occurs 
or the bit and drill rod falls through an open-crack of cavity or when unusually low recovery is 
obtained drilling shall be discontinued and the hole shall be water tested. Water testing in about 20 
percent of consolidation grouting holes shall be required to be done for entire test holes. 
 
A record of the time, pressures and quantities of water used for testing a section of a hole shall be 
maintained. The pressure testing apparatus shall be calibrated before use and shall be periodically 
tested for accuracy and satisfactory operation. 
 
The existing water level in the hole to be tested shall be established and recorded before 
commencement of pressure testing. The pressure test shall be performed in one continuous 
operation using the following steps of pressures and times. 
 

Step No.  Pressure (P) Elapsed time minutes.

1 P1 = 1/3 R3 5 

2  P2 = 2/3 P3 5 

3  P3 = Prescribed Grouting 10 

4  P4 = 2/3 P3 5 

5  P5 = 1/3 P3 5 
The pressure for step number three shall be equal to the grouting pressure for the stage. 
 
Pressure Grouting 
Drilling and grouting holes for curtain grouting shall be done using the split spacing method. Stage 
and packer grouting shall be used and drilling and grouting shall be performed in successive 
operations. In stage grouting, the hole will be drilled to a limited depth, pressure tested and then 
grouted at that depth. After the hole has refused grouting (to the extent specified herein after) it 
shall be flushed out before the grout in the hole has set sufficiently to require re-drilling. After the 
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grout surrounding the grouting hole has set, the hole shall be water pressure tested and may be 
regrouted, if considered necessary. Thereafter successively deeper stages shall be drilled. grouted 
and tested at increasing water pressure, until the required depth of the hole is completely drilled 
and grouted. Each stage shall during these operations be isolated from the previous stage by a 
packer provided at the bottom of the previous stage. 
 
The curtain grouting will be done to achieve permeability values of 5.0 lugeon or less in the 
foundation rock. The function of curtain grouting is to provide extremely effective barrier to 
seepage and in this context the post grouting permeability value should not be more than 5.0 
lugeon. The lugeon co-efficient of 1 is approximately equivalent to a permeability of 10 cm/sec. 
(Water loss is expressed in lugeon and 1 lugeon denotes a water loss of 1 liter per metre depth of 
hole per minute at a pressure of 10 kg/cm in accordance with IS : 6066.1971). Additional holes at 
closer spacing shall be drilled and grouted wherever so warranted till the test holes drilled midway 
between the grouted secondary territory holes indicate through permeability test a value of 5 
lugeons. 
 
Grout mixes usability shall range between 10:1 and 0.5:1 by volume. No grout hole or grout 
connection shall be grouted unless otherwise specified until all concrete required 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 concrete lining is essentially required to fill any 
voids/gaps/cavities left after the placement of final concrete lining and gaps due to shrinkage of 
concrete. The concrete lining is to be carried out through pump crete. The portion below springing 
level gets filled up through gravity but there are chances of gaps being left in the portion above the 
springing level, especially near the crown. The grouting of the crown above the springing level has 
to be done to ensure complete interaction between the concrete lining and the rock. The contact 
grouting is also expected to make it more competent to carry external loads. 
 
Grouting Procedure: 
(1) This includes embedment of 75 mm dia grout holes prior to concrete placement in the overt (ii) 
fixing the pattern and drilling of grout holes (iii) Preparation of grout mix (iv) Fixation of sequence 
of grouting operations. 
 
The entire grouting procedure is to confirm 1.5.: 587H-1972 (Part VII) and to be arrived in 
consultation with the Geologist. Subject to the Geologist the following may be adopted. 
_________________________________ 
Particulars Normal Reaches Poor/High over Break Reaches 

 
Depth of holes in rock 0.9 M 1.5 M 
Slicing  3.0 M 3.0 M 
Grout pressure 2.1 kg/M2 3.5 Kg/M2 
 
Test Grouting: 
Test grouting of at least 10% of the holes already grouted shall be carried out to ensure that no 
gap/void/cavity remains unfilled. The holes with high consumption of grout during initial grouting 
and those with high water intake but less consumption of grout shall be specially included for test 
grouting along with other holes. 
 
Daily Records Of Grouting Operations: 
Daily Records of grouting operations along with the approval of Engineer in charge shall be 
maintained as specified in I.S. Codes. 
 
 



 66

 
 
 
 
 
 
 
 
REGISTERS TO BE MAINTAINED: 
 
1. Load Register 
2. Cement Day Book 
3. Sieve analysis for sand and metal 
4. slump for consistency 
5. compressive strength of concrete 
Tests to be conducted: 
1. Sieve analysis for the aggregate (field test) 
2. Sieve analysis for coarse aggregate (Field test) 
3. Slump test (Field test) 
4. Compressive strength of concrete (Lab test). 
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CHAPTER – 9 
 

FIELD TESTS  



 68

DETERMINATION OF DRY DENSITY OF SOILS IN-PLACE BY T OP CORE-CUTTER 
METHOD  

As per I.S. 2780 (part XXIX) 1975 
 
 
SCOPE: 
 

1. This standard (Part XXIX) covers the method for the determination of the in-place density 
of fine-grained material and compacted soils free from aggregates using a core-cutter. 

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

soil if not less than 90% of it passes a 1.75mm I.S. sieve. 
 
APPARATUS : 
 

1. Cylindrical core-cutter of seamless steel tube, 130mm long (see Note 1) and 10 cm 
internal diameter, with a wall thickness of 3mm, beveled at one end. The cutter shall be 
kept properly greased or oiled. 

 
Note: 1  Length of cutter:- If the average density over a smaller depth is required then the 
appropriate length of cutter should be used. 
 
Note: 2  Where situations permit for quality control purposes smaller size cutters have also 
been used. 

  
2. Steel Dolley:- 2.5 cm high and 10cm internal diameter with a wall thickness of 7.5mm 

with a lip to enable it to be fitted on top of the core-cutter. 
 

3. Steel Rammer:- With solid mild steel foot 110 mm diameter and 75mm height with a 
concentrically screwed 25mm diameter solid mild steel staff. The over all length of the 
rammer including the foot wall should be approximately 900mm.  The rammer (foot and 
staff together) should weigh approximately 9 kg. (See Fig.1) 

 
4. Balance:- Accurate to 1 g. 

 
5. Palette Knife:  A convenient size is one having a blade approximately 20cm long and 3 cm 

wide. 
 

6. Steel Rule 
 

7. Graffing Tool or spade or pick axe. 
 

8. Straight Edge: Steel strip about 30 cm long 2.5 cm wide and 3 to 5mm thick, with one 
beveled edge will be suitable. 

 
9. Apparatus for extracting samples from the cutter:-optional. 

 
10. Apparatus for determination of water content:-  In accordance with IS:2720 (Part II) – 

1973. 
 
PROCEDURE: 
 

1. The internal volume (Vc) of the core-cutter in cubic centimeters shall be calculated from 
its dimensions which shall be measured to the nearest 0.25mm.        
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2. The cutter shall be weighed to nearest gram (Wc). 
3. A small area approximately 30cm square of the soil layer to be tested shall be exposed and 

leveled.  The steel dolly shall be placed on top of the cutter and the patter shall rammed 
down vertically into the soil layer until only about 15mm of the dolly protrudes above the 
surface, care being taken not to rock the cutter (See Note).  The cutter shall then be dug 
out of the low surrounding soil, care being taken to allow some soil to project from the 
lower end of the cutter.  The ends of the soil core shall then be trimmed flat to the ends of 
the cutter by means of the straight edge. 
Note:- The cutting edge should be kept sharp.  The cutter should not be used in stony 
soils. 

4. The cutter containing the soil core shall be weighed to the nearest gram (Ws). 
5. The soil core shall be removed from the cutter and a representative sample shall be placed 

in an air-tight container and its water content (w) determined as in IS:2720 (Part II) – 
1973. 

 
Note:- It is necessary to made a number or repeat determinations (At least three) and to 
average results, since the dry density of the soil varies appreciably from point to point.  
The number of determinations should be such that an additional one would not alter the 
average significantly.. 

 
CALCULATIONS:  
 
1) The bulk density Yb; that is, the weight of the wet soil per cubic centimeter shall be 
calculated from the following formula: 
 
Yb =   Ws – Wc   g/cm3 
      Vc 
 
  Where 
 
   Ws  =  Weight of soil and core-cutter in g. 
   Wc  = Weight of core-cutting in g, and 
   Vc   = Volume of core-cutter in cm3 
 
2) The dry density Yd, that is, the weight of the dry soil per cubic centimeter shall be 
calculated from the following formula: 
 
Yd =  100 Yb      g/cm3 
  100+W  
Where  
 Yb = Bulk density (sec.4.1),  
 W = Water content of the soil (percent) to two significant figures 
 
REPORTING OF RESULTS:   
 
a) The results of the test shall be recorded in a suitable form, A recommended proforma for the 

record of the results of this test is given in Appendix A. 
b) The following volume shall also be reported. 

 
a) Dry density of the soil to second place of decimal in g/cm3 and  
b) Water content of the soil (percent) to two significant figures. 

 
 
 



 70

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: 
 
Sl.No. Determination No. 1 2 3 

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

   

2 Weight of core-cutter (Ws), in g.    
3 Weight of core-cutter (Wc), in g    
4 Weight of wet soil (Ws-Wc), in g    
5 Volume of core-cutter (Vc), in cm3    
6 Bulk density  

          Yb= (Ws-Wc)/Vc, in g/cm3 
   

7 Water content container No.    
8 Weight of container with lid (W1) in g.    
9 Weight of container with lid and wet soil 

(W2), in g 
 

   

10 Weight of container with lid and dry soil 
(W3), in g 
 

   

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

   

12 Dry density 
          Yd = 100  Yb, in g/cm3 
                   100 + w 
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SAND 
 (I.S.2386 (Part-I) – 1963) & (I.S.383-70) 

 
SIEVE ANALYSIS  

 
 

1) AIM  : Determination of particle size distribution of fine aggregates 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) Balance: Take a balance of suitable capacity and accuracy        
                                            of 0.1% of 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 sieving.  This may be achieved 
either by drying at room temperature or by heating at a temperature of 100o C to 110 o C.  Weigh 
the air dry sample and sieve it successively on the above sieves starting with the largest. 
 
(a) Hand Operation:  Shake each sieve separately over a clean tray until no material passes 

through the sieves, but in any case for a period of not less than two minutes.  The shaking is to 
be done with a varied motion, backwards and forwards, left to right, circular clock wise and 
anticlock wise with frequent jarring, so that the material is kept moving over the sieve surface 
frequently changing directions.  Materials are not to be forced through the sieve by hand 
pressure.  Lumps of fine material, if present are to be broken by gentle pressure with fingers 
against the side of the sieve.  Light brushing with soft 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 starting from the 10mm sieve on 

top, one below the other and the container in the order shown above is fixed on the electrically 
operated sieve shaker.  Place the sample in the topmost sieve i.e., of 10mm size, and do the 
sieving for about 5 minutes. 

 
Light brushing with a hair brush may be used on the 150 micron I.S. sieve to prevent aggregation 
of powder and blinding of apertures.  
 
On completion of sieving, weight the material retained 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 individual  sieve, expressed as a percentage of the 

total sample. 
(b) The percentage of material passing each sieve, expressed as a percentage of the total sample. 
 
Fineness Modules:  An empirical factor obtained by adding total percentage of a sample of the 
aggregates retained on each of the following series of sieves divided by 100. 
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The sieves used are 150, 800, 600 microns 1.18, 2.36, 4.75,10, 20, 40 mm and larger increasing in 
the ratio 2:1. 
 
Fineness modules (F.M) to the fine aggregate: 
 

I.S. sieve size 
Mass retained 

 
(grams) 

Cumulative mass 
retained 
(grams) 

Cumulative 
percentage of mass 
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. from 2.2 to 2.6  - Fine Sand 
         From 2.6 to 2.9 - Medium Sand 
         From 2.9 to 3.2 - Coarse Sand   
 
Fine Aggregate Grading I.S. Codes 383 – 1970. 
 

Percentage of passing  
I.S. Sieve Designation Grading 

Zone – I 
Grading 
Zone – II 

Grading 
Zone – III 

Grading 
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) 
(I.S.383-1970 AND I.S 2386 (PART-I) – 1963) 

 
 
AIM  : Determination of particle size distribution of coarse aggregate by sieving.  
 
APPARATUS :  
1) Sieves: Sieves of the sizes conforming to I.S.460-1978 “Specification for test sieves” shall 

be used: 80mm, 63mm, 50mm, 40mm, 31.5mm, 25mm, 20mm, 16mm, 12.5mm, 10mm, 
6.3mm, 4.75mm. 

 
2) Balance: Take the balance such that it is readable and accurate to 0.1 percent of weight of 

the test sample. 
 
3) Sample: The weight of the sample available is to be not less than the weight given in table – 

I.  Prepare the sample for sieving from the larger sample either by quartering or by means of 
a sample divider. 

 
TABLE – I 

Minimum weights for sampling  
 

Max. size present in substantial 
proportions 

Min. wt. of sample required for 
testing 

63 mm 100 kgs. 
50 mm 100 kgs 
40 mm 50 kgs. 
25 mm  25 kgs. 
20 mm 12 kgs 
16 mm 6 kgs. 

12.5 mm 6 kgs. 
10.0 mm 3 kgs. 

 
 
4) Procedure: Shake each sieve separately over a clean tray until no material passes through the 

sieves but in any case, for a period  of not less than two minutes.  Do the shaking in a varied 
motion and anticlock wise and with frequent jarring so that the material is kept moving over 
the sieve surface in frequent changing directions. Material is not be forced through the sieve 
by hand pressure, but on sieve coarser than 20 mm, placing of particles is permitted; break 
lumps of fine materials, if present by gentle pressure with fingers against the side of the 
sieve.  

 
4.1) In order to prevent blinding of the sieve apertures by over loading the amount of aggregate 

placed on each sieve shall be such that the weight of the aggregate retained on the sieve at 
completion of the operation is not greater than the value given for that sieve in table-II.  
Sample weights given in table-III will thus normally require several operations on each 
sieve. 
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Table – II 
Maximum weight to be retained at the completion of sieving  

 
Maximum weight for  

I.S. Sieve  45 cm dia sieve 
Kgs 

30cm dia sieve 
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 mm or 12.5 mm 3 1.5 
10 mm 2 1.0 
6.3 mm 1.5 0.75 
4.75 mm 1.0 0.50 
3.35 mm - 0.30 
 

 
Table – III 

Minimum weight of sample for sieve analysis 
 

Max. size present in substantial proportions Min. wt. of sample to be taken for sieving. 
63 mm 50 kgs. 
50 mm 35 kgs. 
40 or 31.5 mm 15 kgs. 
25 mm 5 kgs. 
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 obtained as above is substantially less than the 

required for testing in accordance with Table – III, take another sample which is sufficiently 
large to produce an adequate sample.  If the amount of the coarse aggregate thus obtained is 
substantially greater than that required for testing reduce it by quartering or by means of a 
sample divider. 

 
4.3) Reporting of results: Calculate the results and report them as: 
a) The cumulative percentage by the weight of the total sample passing each of the sieve to the 

nearest whole number. 
b) The percentage by weight of the total sample passing one sieve and retained on the next 

smaller sieve to the nearest 0.1 percent. 
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TEST FOR WORKABILITY OF CONCRETE BY SLUMP TEST 

(As per I.S.1199-1959) 
 
 
 
AIM  : This method of test specifies the procedure to be adopted either in the 
laboratory or during the progress of work in the field, for determining, by the slump test, the 
consistency of concrete where the nominal maximum size of aggregate does not exceed 38mm. 
   
APPARATUS : Slump mould (in the form of the frustum of a cone, having bottom dia 
20cm., top dia 10cms. And height 30cms) (as shown in I.S.1199-1959) Tamping rod (16mm. dia, 
60cms. Long and rounded at one end). 
 
SAMPLING  : If this test is being carried out in the field, the sample of freshly mixed 
concrete shall be obtained, in the case of concrete containing aggregate of max. size more than 
38mm the concrete shall be wet.  Sieved through (1 ½ inch) 38mm screen to exclude particles 
bigger than 38mm. 
 
PROCEDURE : The internal surface of the mould shall be thoroughly cleaned and freed 
from superfluous moisture and any set concrete before commencing the test.  The mould shall be 
placed on a smooth, horizontal, rigid and non-absorbent surface, such as a carefully leveled metal 
plate, the mould being firmly held in place while it is being filled.  The mould shall be filled in 
four layers, each approximately one quarter of the height of the mould.  Each layer shall be tamped 
with twenty five strokes of the rounded end of the tamping rod.  The strokes shall be distributed in 
a uniform manner over the cross section of the mould and for the second and subsequent layers 
shall penetrate in the underlying layer.  The bottom layer shall be tamped throughout its depth.  
After the top layer has been rodded, the concrete shall be struck off level with a trowel or the 
tamping rod, so that the mould is exactly filled.  Any mortar which may have leaked out between 
the mould and the base plat shall be cleared and lift the mould slowly in vertical direction.  Record 
the slump, in terms of millimeters of subsidence, measured as a difference between the top level of 
the mould and the top of the concrete specimen. 
   
Any slump specimen which collapses or shears off laterally gives incorrect result and if this occurs 
the test shall be repeated with another sample.  If the repeat test also, the specimen should shear, 
the slump shall be measured and the fact that the specimen sheared, shall be recorded. 
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TEST FOR COMPRESSIVE STRENGTH OF CONCRETE SPECIMENS 

(I.S: 516 – 1956 ) 
 
 
 
 
AIM :  Determination of the compressive strength of concrete specimen. 
 
APPARATUS : Testing machine two steel bearing plattens with hardened faces (as per 
I.S.:516-1959). 
 
THEORY :  Test shall be made at recognized ages of the test specimens, the most 
usual being 7 and 28 days, ages of 13 weeks and one year are recommended if tests at greater ages 
are required.  Where it may be necessary to obtain the early strengths, tests may be made at the 
ages of the early strengths, tests may be made at the age of 24 hours + ½ hour and 72 hours + 2 
hours.  The ages shall be calculated from the time of the addition of water to the dry ingredients.  
 
NUMBER OF SPECIMENS: At least three specimens, preferably from different batches, shall 
be made for testing at each selected age. 
   
PROCEDURE : Specimens stored in water shall be tested immediately on removal from 
water and while they are still in the wet condition.  Surface water and grit shall be wiped off the 
specimens and any projecting fines removed.  Specimens when received dry shall be kept in water 
for 24 hours before they are taken for testing. The dimensions of the specimens to the nearest 
0.2mm and their weight shall be noted before testing. 
 
Placing the specimen in the testing machine: - The bearing surfaces of the testing machine shall be 
wiped clean and any loose sand or other material removed from the surfaces of the specimen 
which are to be in contact with the compression plattens.  In the case of the cubes, the specimen 
shall be placed in the machine in such a manner that the load shall be applied to opposite sides of 
the cubes as cast, that is, not to the top and bottom.  The axis of the specimen shall be carefully 
aligned with the centre of thrust of the spherically seated platten.  No packing shall be used 
between the faces of the test specimen and the steel platten of the testing machine.  As the 
spherically seated block is brought to bear on the specimen, the movable portion shall be rotated 
gently by hand so that uniform seating may be obtained.  The load shall be applied without shock 
and increased continuously at a rate of approximately 140 kg/sq.cm. min., Until the resistance of 
the specimen to the increasing load breaks down and no greater load can be substained.  The 
maximum load applied to the specimen shall then be recorded and the appearance of the concrete 
and any unusual features in the type of failure shall be noted. 
 
CALCULATION:  The measured compressive strength of the specimen shall be calculated by 
dividing the maximum load applied to the specimen during the test by the cross sectional area, 
calculated from the mean dimensions of the section and shall be expressed to the nearest kg/sq.cm.  
Average of three values shall be taken as the representative of the batch provided the individual 
variation is not more than + 15% of the average.  Otherwise, repeat test shall be made. 
 
In case of cylinders, a correction factor according to the height to diameter ratio of specimen after 
capping shall be obtained from the curve shown in fig.1 of I.S. 516-1959.  The product of this 
correction factor and the measured compressive strength shall be known as the corrected 
compressive strength, this being the equivalent strength of a cylinder having a height/diameter 
ratio of two.  The equivalent cube strength of the concrete shall be determined by multiplying the 
corrected cylinder strength by 5/4. 
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REPORT  : The following information shall be included in the report on each test 
specimen:-         
 
a) Identification mark 
b) Date of test 
c) Age of specimen 
d) Curing conditions including date of manufacture of specimen in the field 
e) Weight of specimen 
f) Dimensions of specimen 
g) Compressive strength 
h) Maximum load and  
i) Appearance of fractured faces of concrete and type of fractures 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 together.  The faces of the plates are precisely machined.  
The assembled mould can be clamped to the plate.  The mould can be dismantled into two parts by 
unscrewing the bolts holding the plates.  The mould can 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 m3 Number of samples 
Up to 5 m3 1 
Over 5 but under 15 m3 2 
Over 15 but under 30 m3 3 
Over 30 but under 50 m3 4 
Over 50 m3 4 plus 1 per additional 50 m3 or part thereof 
 
OPERATION:  
For hand compaction method, use a standard tamping rod of 16mm dia. 60cm long and rounded at 
one end.  (Tamping Rod with ISI certification mark IS: 10086) compact each layer of concrete 
with tamping rod in such a manner that the strokes of the rod are uniformly distributed over the 
cross-section of the cube-mould, for example, for 100 mm mould not less than 25 strokes shall be 
used, for 150 mm mould 35 strokes and for large size moulds still higher number of strokes shall 
be used.  The strokes shall penetrate into the underlying layer and the bottom layer shall be rodded 
throughout its depth.  Where voids are left by the tamping bar, then side of the mould shall be 
tamped to close the voids. 
 
When vibration method is used for compaction, each layer shall be vibrated by means of electric or 
pneumatic hammer or needle vibrator or by means of a suitable vibrating table until specific 
condition is attained.  The mode and quantum of vibration of the laboratory specimen shall be as 
nearly the same as those adopted in actual concreting operations. 
 
After completion of the compaction of the top layer finish the concrete surface level with top of 
the mould using a trowel (supplied at an extra cost) 
 
Cover the casted cube mould suitably and store in a place free from vibration, in moist atmosphere 
of at least 90 percent relative humidity and at a temperature of 27 + 2oc (in field the temperature of 
the place of storage from 22o C to 32o C is permissible) for 24 hours + ½ hour from the time of 
addition of water to the dry ingredients. 
 
After this period, mark the specimen and remove it from the mould by dismantling the mould into 
two parts and submerge it in clean, fresh water or saturated with lime solution at a temperature of 
27 + 2oc and keep it till the time of testing for compressive strength. 
 
PRECAUTIONS:  
1) Representative sample of the lot of the concrete mix should be taken. 
 
2) Before moulds are assembled, there should not be any dirt or hardened mortar on the faces of 

the flanges as this would prevent the sections from fitting together closely.  The faces of the 
flanges, inside surfaces of the mould and top of the base plate must be thinly coated with 
mould oil to prevent leakage and sticking of concrete (mould oil is not provided). 
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3) When it is found that the mould is too much full of concrete the top should never be scraped 
off because in this way the fat’  is taken off which leaves the concrete short of cement than it 
should be.  A corner of the trowel should be used to dig out a fair sample of concrete as a 
whole.  

 
4) If the mix is wet, after the specimens have stood a little time, water will tend to come up to the 

surface and then slides to sink below the top of the mould.  To allow for this, a wet mix just a 
little proud of the top of the mould should always be left. 

 
5) Once a specimen has been compacted, it should not be left on the same bench as another 

specimen that is being compacted; because of which some vibration would be passed on to the 
first specimen and it would be more compacted than the other. 

 
6) For removing moulds, the bolt should be loosened to take out the specimen by taking the 

mould apart completely.  Concrete should not be allowed to dry or harden on the faces of 
mould.  Dirt should not be allowed to collect between the faces of the flanges, as this would 
lead to leakages in moulds due to improper fitting. 

 
7) The reference number and date should be inscribed on the specimen directly after moulding or 

these details should be put on the specimen after removing it from the mould the next day, and 
a record of which concrete went into which mould at the time of casting should be maintained. 

 
MAINTENANCE: 
The mould should be kept clean from any sticking material.  The faces of the mould and base 
should be oiled adequately.  
 
Note:  Another range of 7.06 cm cube moulds are to be used for 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 density of natural or compacted soil, in place, by the 
sand replacement method. 
 
EQUIPMENT AND MATERIALS: 
 
1) Sand pouring cylinder of about 3 litre capacity, mounted above a pouring cone and separated 

by a shutter cover plate and shutter. 
2) Cylindrical calibrating container, 100mm internal diameter 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 diameter equal 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 600-micron IS 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 pouring cylinder (SPC) up to a height of 1cm below the 
top. Find the initial weight of cylinder plus sand (W1). This weight is to be maintained constant 
through out. Place the SPC on a flat surface and open the shutter. When no movement of sand is 
observed close the shutter and find the weight of SPC. The difference between these two gives 
weight of the sand in conical portion. 
 
Determination of bulk density of sand 
Determine the volume of the calibrating container. Pour sand into the calibrating can along with 
the conical portion. The difference in weights between w1 and weight of SPC after filling the 
calibrating can gives the weight of sand in the calibrating 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 cm2 and place the metal tray over the area. Excavate the soil equal to a 
depth of about the depth of the calibrating container and put it in the tray and find the weight of the 
excavated soil. Fill the excavated hole with sand from the SPC along with the conical portion. The 
difference in weights between WI and this weight gives the weight of sand in the cone. The 
volume of soil is found by dividing the weight of sand in the excavated hole by the density of sand. 
The weight of excavated soil divided by the volume of soil gives the density of soil. The dry 
density is found from this wet density. Keep a representative 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; reaffirmed 1995 
 
SCOPE: 
 
The object of the test is to determine the liquid limit of the soil sample using Casagrande type 
mechanical liquid limit apparatus. 
 
 
MATERIAL EQUIPMENT: 
 
1. Mechanical liquid limit device: 
 
i) Casagrande type (BS tool)  :  Grooving tool 'a' (top = 11mm wide) 
                        (Bottom=2mm wide) 
                      (Height = 8mm) 
 

: Grooving tool 'b' (top =13.6mm wide) 
(bottom=2mm wide)  
(height = 10mm ) 

 
ii) 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 grooving tool and the adjustment plate, adjust the 
height through which the cup is lifted and dropped so that point on the cup which comes in contact 
with the base falls through exactly one centimeter when the handle is rotated by one revolution. 
 
Take about 120 g of the specimen, passing through the 425-micron sieve, and mix it thoroughly 
with distilled water in the evaporating dish or on the marble plate so that uniform paste is formed. 
 
Take a portion of the paste with the spatula and place it in the center of the cup so that it is almost 
half filled. Level off the top of the wet soil symmetrically with the spatula, so that the maximum 
depth of the soil is 1 cm. 
 
With the help of grooving tool' a' the paste in the cup is divided along the cup diameter (through 
the center line of the cam follower), by holding the tool normal to the surface of the cup and 
drawing it firmly across, however, in the case of sandy soils tool 'a' does not form a neat groove 
and hence tool 'b; is used. 
 
Turn the handle of the apparatus at the rate of two revolutions per second, until the two parts of the 
soil come in contact with the bottom of the groove along a distance of 10 mm and record the 
number of blows. 
 
Collect representative sample of soil at right angles to the groove, including the portion of the 
groove in which the soil flowed together for water content determination. 
 
Change the consistency of the mix by either adding more water or leaving the soil paste to dry, as 
the case may be, and repeat the above steps and note the number of revolution to close the groove.
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DETERMINATION OF INDEX PROPERTIES: 
 
The soil paste in these operations should be of such consistency that the number of revolution or 
drops to close the groove is 25 + 10. 
 
 
TABULATION OF OBSERVATION: 
 

The observations are tabulated as illustrated in table 
 

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 ordinate and log of number of blows as abscissa. The 
water content Corresponding to 25 blows is taken as the liquid limit of the soil. 
 
NOTE: 

·  The test should be repeated if the soil tends to slide instead of flowing. The test is not 
applicable if repeated slipping occurs. 

·  The soil should not be oven dried before the commencement of the test. 
·  Distilled water should be used. 
·  If possible the test should be performed in a humid room. 
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DETERMINATION OF PLASTIC LIMIT OF SOIL  
 
 
DOCUMENT USED: 
 
INDIAN STANDARD SPECIFICATIONS 
 
i) IS 2720 (Part 5) 1985  -  Determination of Plastic Limit of Soil 
                                            second revision; reaffirmed 1995 
 
SCOPE: 
The object of the test is to determine the plastic limit of soil sample and then to calculate Plasticity 
index, Toughness index, Liquidity index and Consistency index of the soil. 
 
MATERIALS AND EQUIPMENT 
The materials and equipment of liquid limit plus a rod 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 thoroughly mixed portion of the material passing 425 
micron IS sieve. Mix it on the marble plate with sufficient distilled water to make it plastic enough 
to be shaped into a ball.  
 
Take about 8g of the plastic soil; make a ball of it, and roll it on the marble (or glass) plate with the 
hand with just sufficient pressure to roll the mass into a thread of uniform diameter throughout its 
length.  When the diameter of the thread has decreased to 3 mm the specimen is kneaded together 
and rolled out again.  Continue the process until the thread just crumbles at 3 mm diameter. 
 
Collect the crumbled soil threads in the airtight container and keep it for water content 
determination.  
 
Determine the natural water content of the soil sample obtained from the field. 
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TABULATION OF OBSERVATION: 
 
Data and Observation Sheet for Plastic Limit Determination, 
 
Soil No. C- 
Determination Number 1 2 3 
Container Number    
Mass of container + Wet Soil        (g)    
Mass of Container + Over-dry Soil (g)    
Mass of Water                             (g)    
Mass of Container                        (g)    
Mass of Dry Soil                          (g)    
Water Content                            %    

Plastic Limit = 
 
Natural water content of field soil 
 
CALCULATION: 
 
1. Plastic limit = 
 
2. Plasticity index = Liquid limit – Plastic limit 
  
                                                     W - Wp 
3. Liquidity index IL =              --------------- = 
               Ip 
 
                                                  WL - W 
4. Consistency index Ic =          -------------   = 
                                                       Ip 
5. Flow index If = ( W1-W2) / (log 10 n2/n1); where 
 
n1, n2 =  no of blows 
W1, W2 = Water content corresponding to no of blows  
If  =  slope of the curve, known as the flow index 
 

Ip 
6. Toughness index IT =         --------- 
                                                    If 
 
Liquid 
Limit W1 

Flow Index 
I f 

Plastic 
Limit Wp 

Plasticity 
Index Ip 

Liquidity 
Index IL 

Consistency 
Index Ic 

Toughness 
Index IT 

       

 
NOTE:  
 
·  Oblique rolling should not be done. The rate of rolling should be between 80 and 90 strokes 

per minute. 
·  In the case of sandy soils plastic limit should be determined first. When the plastic limit cannot 

be determined, the plasticity index should be reported as NP (non-plastic) 
·  When the plastic limit is equal to or greater than the liquid limit, the plasticity index should be 

reported as zero. 
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DETERMINATION OF ORGANIC IMPURITIES  
 
 
DOCUMENTS USED: 
 
IS: 2386 (Part - II) - 1990 
 
IS: 383 - 1990 
 
SCOPE: 
 
Determination of organic impurities 
 
PROCEDURE FOR ESTIMATION OF ORGANIC IMPURITIES: 
 
SCOPE: 
 
This method of test covers an appropriate method of estimating whether organic compounds are 
present in natural sand in sufficient quantities to be harmful and hence intended to show whether 
further tests are necessary or desirable (Harmless organic materials may cause colouration and 
certain naturally occurring organic compounds do not cause colouration. 
 
Apparatus: 
i) A 350 ml graduated clear glass medicine bottles - 2 Nos. 
 
Chemicals: 
i) Sodium hydroxide (3% solution) 
 
ii) 2% solution of Tannic acid 
 
iii) 10 percent alcohol 
 
Sheet: 
i) Coloured acetate sheets for comparison 
 
The sand shall be tested as delivered and without drying. A 350ml graduated clear glass medicine 
bottle is filled up to the 75ml mark with 3% solution of sodium hydroxide in water. The sand is 
added gradually until the volume measured by the sand layer is 125ml. The volume shall then be 
made up to 200 ml by adding more solution. The bottle is stoppered and shaken vigorously and 
allowed to stand for 24 hours. 
 
Other tests are made if the colour of the liquid above the sand is darker than a standard solution 
freshly prepared as follows: 
 
2.5ml of 2% solution of tannic acid in 10% alcohol is added to 97.5 ml of a 3% sodium hydroxide 
solution and is placed in a 350-ml bottle closed with stopper, shaken vigorously and allowed to 
stand for 24 hours before comparison with the solution above the sand. Alternatively, an 
instrument or coloured acetate sheets for making the comparison is obtained but it is desirable that 
these be verified on receipt by comparison with the standard solution. 
 
 



 87

DETERMINATION OF SILT CONTENT (FIELD TEST)   
 
The percentage of silt content may be determined as given below: 
 
A sample of sand to be tested shall be placed without drying in 200ml. measuring cylinder.  The 
size of the sample shall be such that it fills the cylinder up to 100ml. mark (h).  Clean water shall 
be added over it up to 150ml. mark.  The mixture shall then be shaken vigorously and the contents 
allowed to settle for 3 hours.  The height of silt visible (h1) as settled layer above the sand shall be 
expressed as percentage of the height of the sand below(h2).  
 
Ht.of sand including 

silt 
Ht.of silt settled   Ht.of sand below the 

silt 
Silt content % 

h h1 h2 h1 X 100 
            h2 
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DETERMINATION OF BULKAGE ALLOWANCE OF SAND  
(FIELD METHOD)  

 
Object: This test covers the procedure of determining in the field, the amount of surface moisture 
or bulkage in fine aggregates by displacement in water. 
 
General:  Sand brought on to the site may contain an amount of moisture which will cause it, when 
loosely filled into a container, to occupy a larger volume than it would occupy when dry.  If sand 
is measured loose (wet) it is necessary to add more volume of sand (based on bulkage) in order 
that the amount of sand put into the concrete may be the amount intended for the proposed 
nominal mix. 
 
Procedure:  The procedure adopted depends on the fact that the volume of inundated sand is the 
same when dry. 
 
In a 250ml. measuring cylinder pour the damp sand, volume Vi, (consolidating by shaking) until it 
reaches the h mark.  Then fill the cylinder with water and stir the sand well.  (The water shall be 
sufficient to submerge the sand completely).  It will be seen that the sand surface is now below its 
original level.  Suppose the surface is at the mark Vf ml.  The percentage of bulking of the sand 
due to moisture shall be calculated from the formula.   
 Percentage bulking: 100 (Vi-V f)    
               Vf 
The percentage of bulkage of sand shall be rounded off to the nearest whole number. 

 
BULKAGE OF FINE AGGREGATE 

 

Sl. 
No 

Sample No. 
Location 

Date & Time of 
test 

Initial 
reading in 

CC vi 

Final reading 
in cc vf 

Bulkage %  
vi-vf   X 100 

    Vf  
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% 
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DETERMINATION OF SURFACE MOISTURE IN FINE AGGREGATE S 

(FIELD METHOD)  
 
DOCUMENT USED 
 
IS: 2386 (Part III) -1963. Methods of test for aggregates for concrete 
 
SCOPE: 
 
This method of test covers the procedure for determining in the field, the amount of surface 
moisture in fine aggregates by displacement in water. The accuracy of this method depends upon 
the specific gravity of the material in saturated surface in dry condition. 
 
APPARATUS: 
 
The apparatus shall consist of the following. 
 
a) Balance: 
  A balance having a capacity of 2 kgs or more and sensitive to 0.5 gms or less. 
 
b) Flask: 
A suitable container or flask preferably made of glass or non-corrosive metal. The container may 
be a Pycnometer, a volumetric flask, a graduated volumetric flask or other suitable measuring 
device. The volume of the container shall be from 2 to 3 times the loose volume of the sample. The 
container shall be so designed that it can be filled up 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 either by weight 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 with water and the weight in grams is determined. The 
container shall be emptied. Enough water shall be placed in the container to cover the sample, after 
which the sample of fine aggregate shall be introduced into the container and the entrained air is 
removed. The container shall then be filled to the original mark, and the weight in grams is 
determined. The amount of water displaced by the sample shall be calculated as follows. 
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Vs = Mc+Ms-M 
 
Where Vs = Wt in grams of water displaced by the sample. 
 
Mc = Wt in grams of container filled up the mark with water. 
 
Ms = Wt in grams of sample. 
 
M = Wt in grams of sample + container filled to the mark with the water. 
 
DETERMINATION BY VOLUME: 
 
A volume of water sufficient to cover the sample shall measure in ml and placed in the 
container. The weighted sample of fine aggregate shall then be admitted into the container 
and the entrapped air is removed. The combined volume of the sampled and the water shall be 
determined by direct reading when a graduated flask is used. Where a Pycnometer or 
volumetric flask of known volume is used, the combined volume of the sample and the water 
shall be determined by filling up to the mark with a measured volume of water and 
subtracting this volume from the volume of the container. 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 the sample, V2 = combined volume in ml of 
the sample and the water, and V1 = volume in ml of water required to cover the sample. 
 
CALCULATION : The percentage of surface moisture in terms of the saturated surface dry 
fine aggregate and in terms of the weight of wet fine aggregates 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 saturated surface dry fine aggregates.  
Vs = weight in grams of water displaced.  
Vd = weight of the sample divided by the specific gravity on saturated and 
surface dry basis determined as prescribed.  
Ms = weight in grams of sample. 
P2 = Percentage surface moisture in terms of the weight of 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 graduated cylinder containing   
                          distilled water 
 
Vk = Volume of Soil specimen read from the graduated cylinder containing   
                           kerosene  
Free Swell index, percent   = ((Vd-Vk) / Vk ) X 100 
 
Limitation = Swell potential should be less than 25% 
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FINENESS MODULUS OF FINE AGGREGATE 

 
TEST REPORT 

 
 

 
Name of Work:      Sample No.: 
 
        Location : 
 
Weight of Sample:      Date of Testing: 
 
 
Sl. 
No. 

I.S. Sieve 
Designation 

Weight 
Retained 
in Gms 

% Weight 
Retained 

Cumulative 
& Weight 
Retained 

Percentage 
passing 

Remarks 

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 : 2.21 to 26   
               
Medium sand : 2.6 to 2.9 
 
Coarse Sand : 2.9 to 3.6 
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GRADING LIMIT FOR FINE AGGREGATE (I.S. 383 – 1970) 
 

Percent Passing 
Sl. 
No. 

I.S. Sieve 
Designation 

Results 
of 

sample 
Grading 
Zone – I 

Grading 
Zone II 

 

Grading 
Zone III 

Grading 
Zone IV 

Remarks 

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 75-100 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 
 

TEST REPORT 
 

 
Name of Work:      LOCATION :  
 
        Date of Testing: 
Weight of Sample:  
 
Particular size distribution and fineness modulus Weight 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 Retained 
    ----------------------------------------------- 
      100 
 

Grading limits for coarse aggregates (I.S. 883-1970) 
 

Percentage passage for single size aggregate of nominal size 

Percentage passing for 
graded aggregate of 

nominal size 
 

I.S. Sieve 
Designation 

Results 
of 

sample 
63mm 40mm 20mm 16mm 12.5mm 10mm 40mm 20mm 16mm 12.5mm 

80mm  100 - - - - - 100 - - - 
63mm  85-

100 
100 - - - - - - - - 

40mm  0.30 85.100 100 - - - 95-
100 

100 - - 

20mm  0-5 0.20 85.100 100 - - 30-70 95-
100 

100 100 

16mm  - - - 85-
100 

100 - - - 90-
100 

- 

12.5mm  - - - - 85-100 100 - - - 90-100 
10mm  0-5 0-5 0-20 0-30 0-45 85-

100 
0-35 25-55 30-70 40-85 

4.75mm  - - 0-5 0-5 0-10 0-20 0-5 0-10 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. 
No 

Date Elapsed Time in 
Hours 

In take of water 
per hour 

Remarks 

 A HALF TRENCH 4’x2’x1.5’   
  

 1ST One Hour 
 2nd    “ 
 3rd     “ 
 4th  “ 
 5th  “ 
 6th  “ 
 
 

  
 

Continue till 
regime intake 
is achieved 

 B. Full Trench 4’X4’X1.5’   
  

 1ST One Hour 
 2nd    “ 
 3rd     “ 
 4th  “ 
 5th  “ 
 6th  “ 
 
 

  
 

Continue till 
regime intake 
is achieved 

  
         
Limitation: 
 
Q.  Intake of  1). 1/100 GPH. Then K is 1 foot per year 
 Water in    =       or 9.63 X 10-7 Cms/Sec 
 Gallon  2). 1/100 G.P.H. to 1/10 G.P.H. K is in the limits of 1’-10’/per year 
   3). 1/10 to 1 GPH   K is in the limits of 10’-100’/year 
   4)  1 GPH = 100’/year or 9.63 X 10-7 Cms/Sec 
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IRRIGATION AND CAD DEPARTMENT 
TEST REPORT 

CUBE STRENGTH OF CONCRETE 
 
Name of Work: 
 
Mix proportion : M10, M15, M20   Water Cement Ratio: 
 

Sl. 
No. 

Description and 
location of cubes 

Mix 
proportion 

Date of 
casting 

Date of 
testing 

Age in 
day 

Unit 
weight 

Ultimate 
load in 

tones/KN 
Average 

Compressive 
strength in 
Kgs/Cm2 

Remarks 

1           
2           
3           
4           
5           
6           
7           
8           
9           
10           

 
Limitation: 
 
Mix Details  7 days strength    28 days strength 
 
M10   70 Kgs/Cm2    100 Kgs/Cm2  

M15   105Kgs/Cm2    150 Kgs/Cm2 
M20   140 Kgs/Cm2    200 Kgs/Cm2  



 98 

DETERMINATION OF DRY DENSITY OF SOIL IN-PLACE (CORE -CUTTER 
METHOD) 

 
TEST REPORT 

 
 
Name of Work:     Location: 
      Sample No.: 
      Date of Testing: 
 
 
 
  1 2 3 

1 Determination No.    
2 Weight of core-cutter wet soil (Ws) in g    
3 Weight of core-cutter (Wc) in g    
4 Weight of wet soil (Ws-Wc) in g    
5 Volume of core-cutter (Vc) in cm3    
6 Bulk density 

 (Yb (Ws – Wc) / Vc) in g/cm3 
   

7 Water content container No.    
8 Weight of container with lid (W1) in g    
9 Weight of container with lid and wet soil 

(W2) in g 
   

10 Weight of container with lid and dry soil 
(W3) in g 

   

11 Water content (w) in percent 
 W =  W2 – W3  X100 
  W3 – W1 
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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/cm3 

Compaction 
% Remarks 
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IRRIGATION AND CAD DEPARTMENT 
 

TEST REPORT 
 

CONCRETE SLUMP TEST   
 
Name of Work: 
 
 

Tested By 
 

Sl. 
No. Date & Time Mix proportion Water Cement 

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   75mm to 125mm slump  
without vibration     for 20mm aggregate. 
 

���������������	
���
��
���������
�����  
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IRRIGATION AND CAD DEPARTMENT 
 

TEST REPORT 
 

FINENESS OF CEMENT 
 
 
Name of Work: 
 

Sl. 
No. Sample No. 

Weight of 
Sample in gms 

W1 

Weight of 
Residue in gms 

W2 

Fineness = 
W2/W1 X 100 

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………. Cm2  Volume of Specimen (V) = AV Cm3 

 
Area of stand pipe (a)……….. Cm2  C = 2.303 aL/A 
 
 

Sl. 
No. 

Initial 
time Ti 

Sec 

Final 
time Tf 

Sec. 

Initial 
Head  

‘h’  cm 

Final 
head h2 

cm 

H cm 
h1-h2 

Log10 h1/  h2 
K  

(c log10h1/h2)/(t-h) Remarks 

1         
2         
3         
4         
5         
6         
7         
8         
9         
10         

 
    
Limitations: 
 
K in centimeter per second    Degree of permeability 
Over 10-1      High  
10-1 to 10-3      Medium 
10-3 to 10-6      Low 
10-6 to 10-7      Very low 
Less than 10-7      Practically impermeable   
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CHAPTER- XI   
 

MONITORING THROUGH CONTROL CHARTS 
 
Monitoring of quality control and assessment of the trend of quality control being exercised 
by the Project Management is best done through control charts.  Indian standards I.S.:397 
(Parts I to II) cover control charts for general and special application.  These charges are 
based on compressive strengths of cement and concrete tests specimens.  Control charts for 
cement strengths are for different test ages (i.e.3.7 and 28 days) and both for strengths of 
individual test and moving average of five tests over periods of time control charts for 
concrete strengths are also constructed in more or less the same manner as per cement.  In 
addition to the test data the control charts also incorporate certain reference line constituting a 
frame work within which the degree of control actually achieved is assessed and remedial 
measures initiated where called for.  The reference lines are termed the “Warning” and 
“Action Limits”.  The warning and action lines provide feed-back for timely remedial 
measures. 
 
The illustration of preparation of control charts of cement and concrete are appended in 
Annexure IV. 
 
Preparation of quality control reports and control charts is considered to be a vital step 
towards the process of achieving good construction quality.  The Central charts should be 
used as a dynamic tool and accordingly these should be prepared as a concurrent exercise as 
the work proceeds.  These should be constantly scanned to identify indication of any 
significant deviation in quality and initiate the remedial action promptly. 

STANDARD DEVIATION (I.S. 10262 – 1982) 
 

The estimated standard deviation of given grade of concrete 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 strength from the 
     Average strength of ‘n’ samples and 
   n = number of sample test results 
If at least 30 test results for a particular grade of concrete at site with the same materials and 
equipment are not available, the standard deviation, S for the corresponding degree of control 
may be assumed from the following tabulation given IS: 10262 – 1982. 
 

Degree of Control 
Assumed standard deviations S N/mm2 DL’s Grade of Concrete 

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 regular tests weigh-batching of all 
materials; control of aggregate grading and moisture content, control of 
water added; frequent supervision: regular workability and strength tests 
and good field laboratory facilities. 
 

Good  Carefully stored cement and periodic tests: weigh – batching of all 
materials: controlled water: graded aggregate: occasional grading and 
moisture tests: periodic check of workability and strength: intermittent 
supervision, and experienced workers. 
    

Fair Proper storage of cement: volume batching of all aggregates, allowing for 
bulking of sand; weigh-batching of cement; water content controlled by 
inspection of mix, and occasional supervision and tests. 
 

 
Acceptance Criteria for concrete: As per IS: 10262-1982 
 
The concrete shall be deemed to comply with strength requirement if:  
 
a) The strength of one or more samples though less than the characteristic value, is in each 
case not less than the greater of; 
 
1) The characteristic strength minus 1.35 times the standard deviation; and  
 
2) 0.80 times the characteristic strength: and the average strength 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 with the strength requirements if: 
  
a) The strength of any samples is less than the greater of: 
 
1) The characteristic strength minus 1.35 times the standard deviation; and  
 
2) 0.80 times the characteristic strength: or 
 
 
b) The average strength of all the samples is less than the characteristic strength plus 
 
               1.65 
    1.65 -        times the standard   
                    Number of samples    deviation. 
 
   
 
Concrete which does not meet the strength requirements as specified in (1) but has a strength 
greater than that required by (2) may, at the discretion of the designer, be accepted as being 
structurally adequate without further testing. 
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If the concrete is deemed not to comply pursuant to the structural adequacy, the parts so 
affected shall be investigated and any consequential action 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 or honey-combed: its placing has been 
interrupted without providing a proper construction joint: the reinforcement has been 
displaced beyond the tolerances specified: or construction tolerance have not been met.  
However, the hardened concrete may be accepted after carrying out suitable remedial 
measures to the satisfaction of the engineer-in-charge. 
 
Coefficient of variation:   
 
The Co-efficient of variation (COV) and Standard Deviation are the two statistical tools 
which are utilized to indicate the level of quality control.  A high COV indicates poor control 
and a low C O V indicates good control.  The following table gives the ratings that are 
commonly assigned to various COVs for deciding the level of control of concrete strengths.   
These standards represent the average of 28 days compressive strength tests:- 
  
Coefficient of variation (COV) for different control standards (%) 

 Excellent Good Fair Poor 
General Construction Below 10 10 to 15 15 to 20 Above 20 
Lab Control  Below 5 5 to 7 7 to 10 Above 10 
 
Standard Deviation and Co-efficient of Variation (COV) will be worked out for different 
grades of concrete in addition to the 28 days compressive strengths.  This will be done on a 
continuing basis and updated regularly and documented in the following format:- 

Sl. 
No 

Grade of 
Concrete Period No. of 

samples 

Average 28 
day 

compressive 
strength 

Standard 
deviation 

Co-
efficient 

of 
variation 
(COV) 

Degree 
of field 
control 

Remarks 

         
  
The COV ratings of concrete for different control standards 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 co-efficient of variation for various types of 
control, and can be adopted for guidance. The co-efficient of Variation of 15% can be treated 
as good control. 
 
The following table is an extract from the "properties of concrete" by A.M. Neville. 
 
GRAHAM AND MARTIN'S SUGGESTED VALUES FOR THE CO-EFF ICIENT OF  

VARIATIONS FOR VARIOUS TYPES OF CONTROL 
 

Coefficient 
of variation 

per cent 

Specified Minimum 
Strength Controls 

 MN/m2 lb/in2 Materials Water Batching Supervision 

 9 to 10 28 to 35 4,000 to 
5.000 

Three sizes of coarse 
aggregate plus fine 
aggregate. all with 
strict grading 
tolerances 

Controlled 
Water/ 
cement ratio 

Weigh- 
batching Rigid 

 10 to 12 28 to 35 4,000 to 
5.000 Ditto Ditto 

Accurate 
volumetric 
batching 
with cement 

Ditto 

 28 to 35 4,000 to 
5,000 

Two sizes of coarse 
plus fine aggregate, 
all with strict 
grading tolerances 

 Ditto  Weigh- 
 batching 

Ditto 
 

 12 to 13 21 to 28 3000 to 
4000 

Ditto. With less strict 
Grading tolerances Ditto Ditto Very good 

 13 to 14 21 to 28 3000 to 
4000  Ditto Ditto 

Accurate 
volumetric 
batching 
with cement 

 Ditto 

 14 to 16 21 to 28 3.000 to 
4.000 

Coarse aggregate 
with fine aggregate  Ditto Weigh- 

batching  Good 

 16 to 18  14 to 21  2.000 to 
 3.000  Ditto  Ditto 

Accurate 
volumetric 
hatching 
with cement 
weighed 

 Fair 
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INSPECTION AND TESTING OF STRUCTURES 
Inspection - Immediately alter stripping the formwork. all concrete shall be carefully inspected 
and any defective work or small defects either removed or made good before concrete has 
thoroughly hardened. 
 
In case of doubt regarding the grade of concrete used, either due to poor workmanship or based 
on results of cube strength tests. compressive strength tests of concrete 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 number of cores required shall be at the 
discretion of the engineer-in-charge and shall be representative of the whole of concrete 
concerned. In no case, however. shall fewer than three cores be tested. 
 
Core shall be prepared and tested described in IS : 516-1959 : 
Concrete in the member represented by a core test shall be considered acceptable if the average 
equivalent cube strength of the cores is equal at least 85 percent of the cube strength of the grade 
of concrete specified for the corresponding age and no individual core has a strength less than 75 
percent. 
In case the core test results do not satisfy the requirements of or where such tests have not been 
done, load test may be resorted to 
 
Ex: In a concrete work, M15 (FCK".15 N/MM2) is to be used. The assumed standard deviation 
for this grade of concrete from table is 3.5 N/MM2  In the course of testing cubes, the following 
results are obtained from a week’s production (average strength of 3 specimens) tested at 28 days 
in  N/MM2. 
 
22.6, 21.7, 20.7, 20.6, 19.7, 13.2. 11.8, N/MM2 
Discuss  the acceptance of the result; 
 
Sol: 
a) First five results are accepted as being greater than the characteristic strength 
 
b) Sixth and Seventh samples are less than characteristic strength, 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/mm2 
 
 2) 0.8 x Fck = 0.8 x 15 = 12 N/MM2 
  
 
     22.6+21.7+20.7+20.6+ 19.7+13.2+11.8 
The average strength = .................................................................................…. = 18.61 
 7 
The average strength should not be less than 
 
           Fck + 1.65 – 1.65 X S 
           �  n 
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=           15+ 1.65 – 1.65 X 3.5 = 18.59 N/mm2  O.K. 
           �  n 
 
 
 
The Sixth sample is acceptable the seventh sample is not acceptable 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) An illustrative set of compressive strength data (hypothetical data) and its further analysis 
for incorporation in a typical set of control charts is shown in the enclosed Table A. It is assumed 
that 3 companion specimen samples are made from each homogeneous batch and constitute a 
“test”. Thirty such tests are covered in this Table. 
Master Chart  
The-axis indicates the chronological order of tests (col. 1 of the Table). Strengths of the 
individual companion specimens constituting a given “test" (Cols. 2 to 4), are plotted one above 
the other along the ordinate and their mean values (col. 5) representing 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 making a total of 5 and this "moving 
average", viz average of 5 consecutive tests (col. 6) is plotted. Refer Plate 2A. 
Range Chart 
The range between the maximum 5 consecutive tests as shown in Cot. 7 is also plotted. This chart 
monitors the overall batch to batch variation of production. Refer Plate 2 A. 
 
2) The target average strength and control limits can be estimated depending on the 
percentage of test values permitted to fall below the specified or "characteristic" strength Fsp in 
terms of the standard deviation 5 (or coefficient of variation Cv) corresponding to the degree of 
control aimed at. The target average strength (TAV) is worked out as. 
 
Fsp + 0.84 �  for mass concrete and Fsp + 1.65 for structural concrete conforming 10 IS : 456 
The standard deviation is what is assumed for mix design. For mass concrete.  Coefficient of 
variation Cv is assumed as 15% and the target average  strength is 160 + 0.840 � . 
 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 (27.5/� 5) 
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The control charts, incorporating these limits are exhibited in plates 11 A  
and 2A. 
 
The lower action limit (LAL) shall, in no case be lower than the absolute minimum strength 
wherever specified. IS: 456 - 1978 specifies on over riding absolute minimum of 0.8 times the 
characteristic concrete strength. 
 
      
3)  Target average range   = d x 6 = 2.326 x 27.5 = 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 analysis for incorporation in a typical set of control 
charts is shown in the enclosed Table B. Thirty one "tests" (each consisting of 3 companion 
specimens) are covered in the Table. The Master Chart, Moving Average Strength Chart and the 
Range Chart (range between the maximum and minimum 5 consecutive 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      = 450 + 1.65 x �   
 
Upper warning limit (UWL)    = 450 + 1.65 x 36  
       = 509 Kg/cm2 
Lower warning limit (LWL)   = 450 - 1.65 x 36  
         391 Kg/cm2 
The upper and lower limits are set as  = 450 + 3 x 6 
      = 450-3 x 6  
       
Upper action limit (UAL)   = 450 + 3 x 36 
Lower action limit (LAL)   = 450.3 x 36 
         342 Kg/cm2 
 
The lower action limit (LAL) should in no case to lower than the minimum specified strength in 
IS specifications IS : 269 or IS : 1469 (330 kg / cm2 at 28 days). 
 
The control charts incorporating these limits are exhibited in plates 1 B and 2B. 
 
5) Target average range   = d x �  
d = coefficient depending upon the no. of tests considered for obtaining the range: and for 5 
consecutive tests d = 2.236 
 
 So, target average range = 2,326 x 36 = 84 kg/cm2 
 
The control chart of cement test result ranges (between maximum and minimum of 5 consecutive 
tests), depicting the mean sample range (84 kg/cm2) as well, is shown 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) 
Strength of individual 
companion specimens 

 
a b C 

Location 
on x-axis 
of chart 
Sr.No. / 
Date of 
sample 

Comp. strength at 28 days 
(Kg/cm2) 

Test value 
“T” (Mean 
of a, b & c 

(X) 
(Kg/cm2) 

Moving avg. 
of “T” (Five 
consecutive 

tests) 

Range bet. 
max. and 
min. 5 

consecutive 
tests 

   
(X-x)2 

(1) (2) (3) (4) (5) (6) (7) (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 1')7 196.2 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 
21 187 189 194 190 191.4 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   = 191.6 (Avg.of column 5 viz 5747 / 30) 
Sd (� )    = 21.52 kg/cm2 Total of column 8 = 13437.16 
COV (Cv)   = 11.23%  (X-X)2 
Percentage of samples  = 90%  Sd (� ) = � 13437.16 / N-1 
Passing (viz. comp. strength more than Fsp of 160 x kg/cm2 ) 
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Note: The data listed are hypothetical and in arbitrary units and are meant only to illustrate their 
analysis for incorporation in control charts. 
·  Conc. Grade.A150 S160 
·  Cement level 170 Kg/m3 
·  Specified strength 160 Kg/cm2(Fsp) 
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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/cm2 

 
Location on x-
axis of chart 

Sr.No./Date of 
sample 

Comp. strength @ 28 days three 
individual specimens 

Average of 
4, 5 and 6 

Moving avg. 
of 5 

consecutive 
test results 

Range bet. 
Max. & min. of 
5 consecutive 

test results 
(1) (2) (3) (4) (5) (6) (7) 
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 kg/cm2 
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 
 

Values for the months of Sl. 
No. Particulars 

Jan Feb Mar Apr May 
Remarks 

1 No. of test results (n)       
2 A v. Compressive strength at       
3 3 days (Kg/cm2)       
4 Standard deviation (Sd) 

Co-efficient of variation (Cv)% 
 

      

5 A v. Compressive strength at       
6 7 days (Kg/cm2)       
7 Standard deviation (Sd)       
 Co-efficient of variation (Cv)% 

 
      

8 A v. Compressive strength at       
9 28 days (Kg/cm2)       
10 Standard deviation (Sd)       
 Co-efficient of variation (Cv)%       
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CHAPTER – XII  
 

O.K. CARDS 
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CHAPTER -XII  
 

O.K. CARDS 
GENERAL:  
Since O.K. Cards contain important entries/information on execution of works at all stages 
and are liable to be referred/perused at a later stage also particularly during the Internal 
Quality Audit of works, the O.K. Cards shall be maintained in duplicate in two colours. The 
green coloured card shall form a part of the record of Q.C'/Q.A. Wing and the red coloured 
card remains in the custody of construction Wing. The O.K. Cards. relating to any particular 
work. shall be put in a round shaped tin box and placed right at the construction site. The 
exterior of the tin box shall be painted red. After the particular work has been completed (say. 
concrete placement has been completed in a particular lift: likewise say. fill placement has 
been completed in a particular layer.. etc.), the two O.K. Cards shall be removed from the tin 
box and filed in the permanent record files of the construction and Q.C./Q.A. divisions 
respectively. Senior officers shall also check the O.K. Cards during their field inspections to 
ensure that those are being maintained and properly/genuinely filled. 
 
An O.K. Card is a condensed form of specifications and essential requirements for achieving 
specified workmanship and quality level of output. Each work is sub-divided into various 
construction activities in proper sequence/order of construction. Such activities are listed in 
chronological order on the O.K. Cards. 
For various stages of construction activities where laboratory tests or checks with reference to 
drawing and specification are required from quality control unit. O.K. Card System shall be 
followed. The O.K. Cards should be made available on the site in a regular manner. 
 
The O.K. Card consists of 3 columns. Besides the location and type of work, the first column 
is to be filled by the construction agency (contractor) by preparing each feature and making it 
ready for inspection by the project Construction Engineer, who Okays through his signature 
and then puts up to the Q.C./Q.A. Engineer for his final O.K. 
 
The Assistant Executive Engineer (Construction) will prepare two copies of O.K. Cards by 
filling in the first set of columns meant for the construction staff and hand over to the 
Assistant Executive Engineer (Quality Control) in charge of the Quality Control Unit. The 
quality control staff at actual work site shall check the requirement or shall perform necessary 
tests under the guidance of Assistant Exe. Engineer. Quality Control. The Assistant Executive 
Engineer. Quality Control will scrutinize the O.K. Card and finally Okay the work if anything 
other wise is not observed. Should anything otherwise be found, the O.K. Card shall not be 
signed by him and ask the Assistant Exe. Engineer (Construction) for necessary rectification. 
 
Subsequently. O.K. Card should refer to the defects removed. if pointed out previously in 
O.K. Cards and counter reference to the previous Check should be signed if Okayed. 
 
It must be borne in mind that work cannot be held up unduly for disposal of O.K card. The 
Executive Engineer/Deputy Executive Engineer (Quality Control) will be the okaying 
authority for concentrated work like dam, spillway and barrage and important structures and 
the Assistant Engineer/Assistant Executive Engineer Quality Control will be the okaying 
authority for scattered works like canals and small structure. Random checks by superior 
officers should be recorded on O.K. Cards at site. 
After processing through various levels and entering observations one copy of the O.K. Card 
(Red Colour Card) shall be retained with the Assistant Executive Engineer (Construction) for 
record and reference and the other copy shall be forwarded to the Dy.Executive Engineer 
Quality Control for record. 
Specimen of O.K. Cards for various works such as embankment, concrete masonry shot 
creting, guniting, preparation of sub grade for lining  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 

Construction staff 
Remarks of Quality control 

Staff 
1 Date    
2 Location of Work from Km         to Km    
3 Elevation (R.L)    
4 Surface preparation, whether as per specifications    
5 Type of roller used    
6 Location of test at Km.    
7 Thickness of loosed layer    
8 Initial moisture content    
9 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 (Whether through 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 Q.C. Staff 
     M/s……………. 
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O.K. CARD FOR STRUCTURAL CONCRETE WORKS  
 
Name of the work : 
Name of Agency : 
Agreement No : 
 

Sl.No. Description of Item Contractor Remarks of 
Construction staff 

Remarks of Quality 
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    
 c) High pressure water blasting    
5 Materials    
 a) Coarse aggregate under size/over size graded analysis    
 b) Fineness modulus of sand    
 c) Cement make and date    
6 Tools and plants    
 a) Form work details of shuttering should be checked with dimensions    
 b) Mixer    
 c) Vibrators    
7 Batching    
8 Temperature of concrete as specified in Technical specification (15oc to 32oc)    
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     
 c) 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     
     M/s…………….  Asst. Executive Engineer   Asst. Executive Engineer 
 
 
 
 
    Deputy Executive Engineer   Deputy Executive Engineer 
 
 
      
    Executive Engineer    Executive Engineer 
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O.K. CARD FOR CAST-IN-SITU CONCRETE LINING  
 

FEATURE _______________ 
 
Agreement No. L.S.____________________________ Location__________________________________________ 
 
Package No._____      Bed/Slope____________________ from___________to_________ 
 
Concrete Mix Specifications_________________  Grade__________________________________________________ 
 

Dated Signature of Sl. 
No. Description of Item 

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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9 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 are provided 
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   AE/AEE   
 
 
 

Dy.EE    Dy.EE 
 
 
 

 E.E.      
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O.K. CARD FOR ROUGH STONE DRY PACKING FOR  
APRONS / REVETMENT 

 
Contract No.____________ Chainage :_____________________ 
 
Name of Contractor ______________________  
 

Sl. 
No. Description Dated Signature of 

  Contractor Construction Quality control 
1 Date    
2 Location of work    
3 Specification of work    
4 Preparation of Bed / Slopes    
5 Gravel backing / Sub grade (filter) preparation    
6 Compacting of sub grade     
7 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    
8 Placing of rough stone dry packing revetment     
9 Any other remarks :    
     

 
 
    Sign of Contractor     Sign of GOAP (CS)   Sign of GOAP (QCS) 
                           with date             with date      with date 
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O.K. CARD SHOTCRETE 
 
 

Contract No.____________ Description & Chainage of Structures:____________ 
 
 
Name of Contractor ______________________  
 
 

Sl. 
No. 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  wire mesh 
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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O.K. CARD FOR SUB GRADE PREPARATION FOR C.C. LINING  
 
Contract No.____________ Description & Chainage: ____________ 
 
Name of Contractor ______________________ 
 

  Dated Signature of 
Sl. 
No. Description Contractor Construction Quality control 

1 Date    
2 Location     
3 Whether sub-grade is prepared as per specification in case 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 prepared to model section    
5 Whether porous plugs cast as per specification    
6 Whether the work of laying the filter media is carried 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 & Chainage of Structure: ____________ 
Name of Contractor ______________________ 

 
Dated Signature of Sl. 

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 content     
 c) Coarse aggregate    
 d) Water proofing compound    
 e) Water    
 f) Admixture    
 g) Steel wire fabric of mesh size 150mm X 150mm formed 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 exposed reinforcement 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   

 
  

 


