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Plain and Reinforced Cement Concrete


for Structures�



�
11 -1	GENERAL





These Specifications cover all the requirements of cement concrete for use in various components of rural road structures.





For all the items of concrete in any structural portion of a cross drainage structure or its components, “controlled” concrete shall be used unless otherwise specified on the drawings or directed by the Engineer.  For other concreting work that generally comes across in rural road structures, “ordinary” concrete mix may be used provided that such works are clearly specified in the drawings.








11 -2	GRADES OF CONCRETE





11-2.1	Controlled Concrete





For controlled concrete, design of the mix shall be ascertained after the preliminary tests.  During the production of controlled concrete, all necessary precautions shall be taken to ensure that the required cube strength is attained and maintained in the work.  The controlled concrete shall be in eight grades designated as M 10, M 15, M 20, M 25, M 30, M 35, M 40 and M 45 with the suffix “Controlled” added to it.





11-2.2	Ordinary Concrete





In case of ordinary concrete, the mix is not required to be designed by preliminary tests.  The proportions of cement, fine aggregates and coarse aggregates are specified by volume.  The ordinary concrete shall be in four grades designated as M 10, M 15, M 20 and M 25.  It can also be specified by volume as given in Table 11 -6(a).





In the designation of a concrete mix, letter ‘M’ refers to the mix and the number refers to the specified 28 days’ cube compressive strength of that mix on 150 mm cubes, expressed in N/mm2.








11 -3	STRENGTH REQUIREMENT OF CONCRETE





Where ordinary Portland cement conforming to IS : 269 or Portland blast furnace cement conforming to IS : 455 is used, the compressive strength requirements for various grades of concrete “controlled” as well as “ordinary” shall be as given in Table 11 -3.  Where rapid hardening Portland cement is used, the 28 days’ compressive strength requirements specified in Table 11 -3 shall be met at 7 days.





For “controlled” concrete, the mix shall be so designed to attain in preliminary tests a strength of at least 33% higher than that required on work tests.  Preliminary tests need not be made in the case of “ordinary” concrete.























Table 11 -3 :  Compressive Strength of Concrete in Work Tests





Grade of Concrete�
Compressive Strength in N/mm2 on 150 mm cubes to be achieved in Work Tests after mixing is conducted in accordance with IS : 516�
�
�
minimum at 7 days�
minimum at 28 days�
�
M 10�
7.0�
10.0�
�
M 15�
10.0�
15.0�
�
M 20�
13.5�
20.0�
�
M 25�
17.0�
25.0�
�
M 30�
20.0�
30.0�
�
M 35�
23.5�
35.0�
�
M 40�
27.0�
40.0�
�
M 45�
30.0�
45.0�
�
Note :	In all cases, the 28 days’ compressive strength specified in this Table shall be the only criterion for acceptance or rejection of the concrete.





Where the strength of a concrete mix, as indicated by tests, lies in between the strength for any two grades specified in Table 11 -3, such concrete shall be classified for all purposes as a concrete belonging to the lower of the two grades.








11 -4	ADMIXTURES





No materials other than the essential ingredients, i.e., cement, aggregates and water, shall generally be used in the production of concrete or mortar.  But the Engineer may permit the use of approved admixtures for imparting special characteristics to the concrete on the basis of satisfactory evidence that its use does not in any way adversely affect the properties of concrete, particularly its strength, volume changes, durability and has no deleterious effect on the reinforcements.








11 -5	SIZE OF COARSE AGGREGATES





The maximum nominal size of coarse aggregates differs according to the type or item of work as given in Table 11 -5.





Table 11 -5 :  Maximum Nominal Size of Coarse Aggregates





Item of Construction�
Maximum Nominal Size


of Coarse Aggregate�
�
(i)	RCC well curb, RCC well steining and RCC piles�
40 mm�
�
(ii)	PCC well steining�
63 mm�
�
(iii)	Well cap or pile cap, solid type piers, abutments and wing walls and their pier caps�
40 mm�
�
(iv)	RCC work in cross girders, deck slabs, wearing courses, kerbs, lamp posts, ballast walls, approach slabs, hollow type piers, abutments, wings walls and their pier caps�
20 mm�
�
(v)	RCC bearings�
20 mm�
�
(vi)	For any other item not covered by items (i) to (v).�
As specified on the drawings or as directed by the Engineer in case it is not specified on drawing.�
�
For heavily reinforced concrete members as in the case of ribs of main beams, maximum nominal size of aggregate shall usually be restricted to 5 mm less than the minimum lateral clearance between the main bars or 5 mm less than the minimum cover to the reinforcement, whichever is smaller.








11 -6	PROPORTIONING CONCRETE





11-6.1	Controlled Concrete





Concrete mix for the controlled concrete shall be designed on the basis of preliminary tests.  The proportions for ingredients chosen shall be such that concrete


has adequate workability for conditions prevailing on the work in question; and


can be properly compacted with the means available.





Except where it can be shown to the satisfaction of the Engineer that supply of properly graded aggregate of uniform quality can be maintained till the completion of work, grading of aggregate should be controlled by obtaining the coarse aggregate in different sizes and blending them in the right proportions as required.  Different sizes, however, shall be stocked in separate stock piles.  Required quantity of materials shall be stock-piled several hours, preferably a day, before use.  Grading of coarse and fine aggregates shall be checked as frequently as possible to ensure that the suppliers are maintaining the uniform grading as approved for samples used in the preliminary tests.  The frequency of such checks for a given job shall be determined by the Engineer.





In proportioning concrete, the quantities of both cement and aggregate shall be determined by weight.  Where the weight of cement is determined by accepting the manufacturer’s weight per bag, a reasonable number of bags shall be weighed separately to check the net weight.  Where cement is weighed from bulk stocks at site and not by bags, it shall be weighed separately from the aggregates.  Water shall either be measured by volume in calibrated tanks or by weight.  All measuring equipment shall be maintained in the clean and serviceable condition.  Their accuracy shall be periodically checked.





It is most important to keep the specified water-cement ratio constant and at its correct value.  For this, moisture content in both coarse and fine aggregates shall be checked as frequently as possible.  The frequency of such checks for a given job shall be determined by the Engineer according to the prevailing weather condition.  The amount of mixing water shall then be adjusted to compensate for variations in the moisture content.  For the determination of moisture content in the aggregates, IS : 2386 (Part III) shall be referred.  Suitable adjustments shall also be made in the weight of aggregates to allow for its variations resulted due to the variations in moisture content.





The minimum quantity of cement to be used in controlled concrete shall not be less than 210 kg per cubic metre in plain concrete and not less than 300 kg per cubic metre in reinforced concrete.  Similarly, the minimum quantity of cement for pre-stressed concrete shall not be less than 360 kg per cubic metre of concrete nor shall it be more than 540 kg per cubic metre of concrete.





11-6.2	Ordinary Concrete





The ordinary concrete mix shall generally be specified by volume.  For cement which normally comes in bags and is used by weight, the volumes shall be worked out taking 50 kg of cement as 0.035 cubic metre in volume.  Shaking, ramming or hammering shall not be done when measuring aggregate by volume.  Proportioning of sand shall be as per its dry volume and in case it is damp, allowance for bulking shall be made as per IS : 2386 (Part III).





Ingredients required for ordinary concrete containing one 50 kg bag of cement for different proportions of mix shall be as given in Table 11 -6(a).





Table 11 -6(a) :  Ingredients Required for Different Grades of Ordinary Concrete





Grade of Concrete�
Mix by Volume�
Total quantity of dry aggregates by volume per 50 kg of cement to be taken as the sum of the individual volumes of fine and coarse aggregates (maximum)�
Proportion of fine aggregate to coarse aggregate�
Quantity of water per 50 kg of cement (maximum)�
�
1�
2�
3�
4�
5�
�
M 10�
1:3:6�
300 litres�
Generally 1:2 for fine aggregate to coarse aggregate  �
34 litres�
�
M 15�
1:2:4�
220 litres�
by volume but subject to a�
32 litres�
�
M 20�
1:1½:3�
160 litres�
upper limit of 1:1½ and a�
30 litres�
�
M 25�
1:1:2�
100 litres�
lower limit of 1:3*�
27 litres �
�
*	The proportions of the aggregates shall be adjusted from the upper limit to lower limit progressively as the grading of the fine aggregates becomes finer and the maximum size of coarse aggregates becomes larger.





Example	:	For an average grading of fine aggregate, the proportions shall be 1:1½, 1:2 and 1:3 for maximum size of aggregates 10 mm, 20 mm and 40 mm, respectively.





Note	:	A mix leaner than M 10 (1:3:6) may be used for non-structural parts of the bridge, if specified on the drawing or provided in the contract.  In such case, grading of aggregates shall be as specified in the contract or on the drawing.  Other requirements for mixing, placing and curing shall be the same as specified in this section.�
�






11-6.3	Quantity of Water





The quantity of water shall be just sufficient to produce a dense concrete of required workability for the job.  An accurate and strict control shall be kept on the quantity of mixing water.





In case of reinforced concrete work, workability shall be such that the concrete surrounds and properly grips all reinforcements.  The degree of consistency which shall depend upon the nature of work and methods of vibration of concrete shall be determined by regular slump tests.  The following slump values shall be adopted for different types of work.





Table 11 -6(b) :  Slump Values for Different Types of Work





Type of Work�
Slump Value �
�
�
where vibrators


are used�
where vibrators


are not used�
�
Mass concrete in RCC foundations, footings and retaining walls�
10 mm to 25 mm�
80 mm�
�
Beams, slabs and columns simply reinforced�
25 mm to 40 mm�
100 mm to 120 mm�
�
Thin RCC section or section with congested steel�
40 mm to 50 mm�
125 mm to 150 mm�
�



11 -7	MIXING CONCRETE





Where available on easy access, concrete for all works shall be mixed in a mechanical mixer.  The mixer and its accessories shall be kept in good working condition and be maintained throughout the construction.  Mixing shall be continued till


materials are uniformly distributed;


an uniform colour of the entire mass is obtained; and


each individual particle of the coarse aggregate shows complete coating of mortar containing its proportionate amount of cement.


In no case shall the mixing be done for less than 2 minutes after all ingredients have been put into the mixer.





When hand mixing is permitted by the Engineer for majority of the jobs in labour based rural roads, it shall be done on a smooth watertight platform large enough to allow efficient turning over of the ingredients of concrete before and after the addition of water.  Mixing platform shall be so arranged that no foreign material shall get mixed with concrete nor does the mixing water flow out.  Cement in required number of bags shall be placed in a uniform layer on top of the measured quantity of fine aggregates which shall have been spread in a layer of uniform thickness on the mixing platform.  Dry sand and cement shall then be mixed thoroughly by turning over to get a mixture of uniform colour.  Enough water shall then be added gradually through a rose and the mass turned over till a mortar of required consistency is obtained.  Measured quantity of coarse aggregate shall then be placed on the mixing platform.  Then it shall be wetted and the mortar shall be added.  Finally, the entire mass shall be turned and re-turned until all particles of the coarse aggregate are fully covered with mortar and the mixture obtained is of uniform colour and required consistency.  In hand mixing, quantity of cement shall be increased by 10% above that specified in clause 11-6.2.





Mixers which have been out of use for more than 30 minutes shall be thoroughly cleaned before loading a new batch.  Unless otherwise agreed by the Engineer, the first batch of concrete from the mixer shall contain only two thirds of the normal quantity of coarse aggregate.  Mixing plant shall be thoroughly cleaned before changing from one type of cement to another.








11 -8	TRANSPORTING, PLACING AND COMPACTING OF CONCRETE





The method of transporting and placing of concrete shall be approved by the Engineer.  Concrete shall be so transported and placed that no contamination, segregation or loss of its constituent materials takes place.





All formwork and reinforcement contained in the concrete shall be cleaned and made free from standing water, dust, snow or ice immediately before the placing of concrete.





No concrete shall be placed in any part of the structure without the approval of the Engineer.  If concreting is not started within 24 hours of the approval, it shall have to be obtained again.  Concreting shall then proceed continuously over the area between construction joints.  Fresh concrete shall not be placed against concrete which has been in position for more than 30 minutes unless a proper construction joint is formed.





Concrete when deposited shall have a temperature not less than 4.50C and not more than 380C.  It shall be compacted in its final position within 30 minutes of its discharge from the mixer unless the concreting work is carried out with properly designed agitators, operating continuously.  When using agitators, the delay time shall be maximum of 2 hours, counting from the addition of cement to the mix.  However, the delay time shall be within 30 minutes of its discharge from the agitator.  





Except where otherwise agreed by the Engineer, concrete shall be deposited in horizontal layers to a compacted depth of not more than 0.45 m when internal vibrators are used and not exceeding 0.30 m in all other cases.





Unless otherwise agreed by the Engineer, concrete shall not be dropped into place from a height exceeding 2 m.  When trunks or chutes are used, they shall be kept clean and used in such a way as to avoid segregation.





When concrete is conveyed by chute, the plant shall be of such size and design as to ensure practically continuous flow.  Slope of the chute shall be so adjusted that the concrete flows without the use of an excessive quantity of water and without any segregation of its gradients.  The delivery end of the chute shall be as close as possible to the point of deposit.  The chute shall be thoroughly flushed with water before and after each working period.  The water used for this purpose shall be discharged outside the formwork.





When concreting has to be resumed on a surface which has hardened, it shall be roughened, swept clean, thoroughly wetted and covered with a 13 mm thick layer of mortar composed of cement and sand in the same ratio as in the concrete mix itself.  The 13 mm thick layer of mortar shall be freshly mixed and placed immediately before placing of new concrete.





Where concrete has not fully hardened, all laitance shall be removed by scrubbing the wet surface with wire or bristle brushes.  During this operation, care must be taken to avoid dislodgement of any particles of coarse aggregate.  The surface shall then be thoroughly wetted and all free water shall be removed.  Then, the surface shall be coated with neat cement grout.  The first layer of concrete to be placed on this surface shall not exceed 150 mm in thickness.  It shall be well rammed against old work giving particular attention to corners and close spots.





All concrete shall be compacted to produce a dense homogeneous mass with the assistance of vibrators or mild steel bars.  Sufficient vibrators in serviceable condition shall be kept at site so that spare equipment is always available in case of breakdowns.





Internal vibrators shall be of not less than 10,000 rpm whereas external or form vibrators shall be of not less than 3,000 rpm.  Vibrations shall not be applied through reinforcement.  As far as possible, contact with reinforcement and all inserts shall be avoided where vibrators of the immersion type are used.








11 -9	CONCRETING UNDER WATER





When it is necessary to deposit concrete under water, the methods, equipment, materials and proportions of the mix to be used shall have to be approved by the Engineer before the work starts.  Such concrete shall not be considered as “Controlled Concrete”.





Concrete shall not be placed in water having a temperature of below 4.50C.  The temperature of the concrete, when deposited, shall not be less than 160C and not be more than 380C.





Concrete shall contain 10% more cement than that required for the same mix placed in the dry place.  The material shall be so proportioned as to produce a concrete having a slump of not less 100 mm and not more than 180 mm.  The slump shall be tested as per IS : 516.





Coffer dams or forms shall be sufficiently tight to ensure still water conditions, if practicable, and in any case to reduce the velocity of water to less than 3 m per minute through the space into which concrete is to be deposited.  Coffer dams or forms in still water shall be sufficiently tight to prevent loss of mortar through the joints in the walls.  Pumping shall not be done during concreting and  24 hours thereafter.





Concrete shall be deposited continuously until it has been brought to the required height.  While depositing, the top surface shall always be kept as evenly level as possible and formation of seams shall be avoided.  For depositing concrete in structural components of rural road structures, the “Drop Bottom Bucket Method” which is the simplest method of depositing concrete underwater should be adopted.





Drop Bottom Bucket Method :  The top of the bucket shall be closed.  The bottom doors shall move freely downward and outward when tripped.  The bucket shall be filled completely and lowered slowly to avoid backwash.  It shall not be dumped until it rests on the surface upon which the concrete is to be deposited.  When concrete is discharged, the bucket shall be withdrawn slowly until it reaches well above the concrete.





The other method called “Tremie” which is considered to be more sophisticated for labour-based rural road construction is not discussed in these Specifications.





To minimise the formation of laitance, great care shall be exercised not to disturb the concrete as far as possible while it is being deposited.








11 -10	CURING OF CONCRETE





11-10.1	Protection and Water Curing





Immediately after compaction, concrete shall be protected against harmful effects of weather, running water, shocks, vibrations, traffic, rapid temperature changes, frost and drying out process.  It shall be covered with wet sacking, hessian or other similar absorbent material approved by the Engineer soon after the initial set and shall be kept continuously wet for a period of not less than 14 days from the date of placement.  Masonry work over the foundation concrete may be started after 48 hours of its laying but curing of concrete shall be continued for a minimum period of 14 days.





11-10.2	Steam Curing





For concreting in rural road structures, this particular method of curing is not recommended.








11 -11	WORKING IN EXTREME WEATHER CONDITIONS





Where concrete is to be deposited at or near freezing temperatures, necessary precaution shall be taken to ensure that the temperature of the concrete shall not be less than 4.50C.  Not only that, this temperature should be maintained until it is thoroughly hardened.  If necessary, the ingredients shall be heated before mixing and the concrete shall be carefully protected after placing.  In general, heating of water alone to about 600C may be sufficient for this purpose.  Salt or other chemicals should not be used as a prevention from freezing.  Calcium chloride up to 1½% by weight of cement can be used to accelerate the rate of hardening.  Use of calcium chloride in excess of this percentage is considered to be harmful.  No frozen material or materials containing ice shall be used.  All concrete damaged by frost shall be removed.  It is recommended that concrete exposed to freezing weather shall have entrained air and the water content of the mix shall not exceed 30 litres per 50 kg of cement.





When depositing concrete in very hot weather, precautions shall be taken so that the temperature of wet concrete does not exceed 380C while placing.  This shall be achieved by


stacking aggregate under the shade and keeping them moist;


using cold water;


reducing the time between mixing and placing to the minimum;


cooling formwork by sprinkling water;


starting curing before the concrete dries out; and


organising concreting as far as possible during mornings and evenings.	








11 -12	FINISHING





Immediately after the removal of forms, all exposed bars or bolts which either pass through the reinforced cement concrete member or use for the shuttering or any other purpose shall be cut inside the RCC member to a depth of at least 25 mm below the surface of the concrete.  The resulting holes shall be closed by cement mortar.  All fins caused by form joints, cavities produced by the removal of form ties, all other holes and depressions, honey-comb spots, broken edges or corners and other defects shall be thoroughly cleaned; saturated with water; and carefully pointed and rendered true with mortar of cement and fine aggregates mixed in the proportions used in the grade of concrete that is being finished.  Considerable pressure shall be applied in filling and pointing to ensure proper filling in all voids.  Surfaces which have been pointed shall be kept moist for a period of 24 hours.





All construction and expansion joints in the completed work shall be left carefully tooled and free from any mortar and concrete.  Expansion joint filler shall be left exposed for its full length with clean and true edges.





If, in the opinion of the Engineer, the rock pockets/honey-combs are existing in the concrete to an extent which may affect the strength of the structure materially as well as endanger the life of the steel reinforcement then, he may declare the concrete defective and instruct for the removal and replacement of the portions of the structure affected.  








11 -13	CONSTRUCTION JOINTS





Concreting shall be carried out continuously up to the construction joints.  The position and details of the construction joints shall be as shown on approved drawings or as directed by the Engineer.  Such joints shall, however, be kept to the minimum.





For a vertical construction joint, a stopping board shall be fixed previously at the pre-determined position and shall be properly stayed for sufficient lateral rigidity to prevent its displacement or bulging when concrete is compacted against it.  Concreting shall be continued right up to the board.  The board shall not be removed before the end of the specified period for removal of vertical forms.





Before resuming work at any construction joint, all laitance shall be removed thoroughly if the concrete has not yet fully hardened.  While removing the laitance, care should be taken to avoid any dislodgement of coarse aggregates.  In case where the concrete has fully hardened, the surface  shall be thoroughly hacked, swept clean, wetted and covered with a layer of neat cement grout.  The neat cement grout shall be followed by a 13 mm thick layer of mortar mixed in the same proportion as in concrete.  The first batch of concrete shall be rammed against the old work to avoid formation of any stone pockets.  Particular attention shall be paid to corners and close spots.





In pre-stressed concrete structures, construction joints shall be avoided as far as possible specially in the area of tensile stresses.  Where necessary, concreting shall be carried out continuously up to such joints which shall preferably be transverse to the line of main compression.  In all cases, the position and detailed arrangement of all construction joints shall be predetermined.  For such works, the approval shall be taken in advance from the Engineer.








11 -14	TESTS AND STANDARDS OF ACCEPTANCE





11-14.1	Preliminary Tests for Controlled Concrete





For controlled concrete, the preliminary tests (refer to clause 11-2.1) shall be conducted as three sets of separate tests.  In each set, tests shall be conducted on six specimens.  On any particular day, not more than one set of six specimens shall be made.  Out of the six specimens in each set, three shall be tested at seven days and the remaining three at 28 days.  The preliminary tests at 7 days are intended only to indicate the strength likely to be attained at 28 days.





11-14.2 Work Strength Tests for Controlled and Ordinary Concrete





Work strength tests shall be made in accordance with IS : 516.  Each test shall be conducted on ten specimens, five of which shall be tested at 7 days and the remaining five at 28 days.  The samples of concrete shall be taken on each day of concreting and cubes shall be made at the rate of one set (10 specimens) for every 5 cubic metres of concrete or a part thereof.  However, if concreting done in a day is less than 15 cubic metres, the number of cubes could be reduced to a minimum of 6 with the special permission of the Engineer.  If so, three shall be tested at 7 days and the remaining three at 28 days.





Similar work tests shall be carried out whenever the quality and grading of materials is changed, irrespective of the quantity of concrete poured.  The number of specimens may be suitably increased as deemed necessary by the Engineer when the procedure of tests given above reveals a poor quality of concrete or in other special cases.





All work shall be carried out under the supervision of a qualified and a competent Engineer/Overseer who will supervise proportioning, placing and compacting of concrete at all stages.





All necessary labour, materials, equipment (other than testing), etc., for sampling, preparing test cubes, curing, etc., shall be arranged by the Contractor.  However, if any additional support is required, it shall be provided by the Engineer.  Testing of the materials and concrete shall be arranged by the Engineer in an approved laboratory at the cost of the Contractor.


11-14.3	Standards of Acceptance





The average strength of the group of cubes cast in each day shall not be less than the specified compressive cube strength of works.  However, 20% of the cubes cast in each day may have values less than the specified strength, provided that the lowest value is not below 85% of the specified strength.








11 -15	USE OF PLUMS IN ORDINARY CONCRETE





Stone plums shall not be used unless specified on the drawings.  When used, the size of stone plums may be from 150 to 300 mm.  The maximum dimension of these stones or plums shall not exceed 1/3rd of the least dimension of the members.





All plums shall be hard, durable, clean and free from soft materials or loose pieces or deleterious substance and shall not have sharp corners.





During concreting, the first layer of concrete of the specified mix shall be laid to a thickness of at least 2.5 times the thickness of the maximum size of plums to be used.  The plums shall then be laid while the top portion of this concrete is still within the initial setting time.  But, the concrete should then be sufficiently stiff enough to prevent complete submergence of the plums.  These plums shall remain half embedded in the concrete and the other half exposed so as to form a key with the next layer of concrete.  No plums shall be used for concrete which is laid under water.





While placing the plums, care shall be taken to ensure that the clear distance between any two plums is not less than either the width or thickness of either of the plums.  The distance from plums to the outer surface or to any steel reinforcement shall be equal to the greatest width of the plum.





If plums of stratified stone are used, they shall be laid on their natural bed.  Stones with concave faces shall be laid with the concave face upwards.  The thickness of the next and successive layers of concrete shall be at least twice that of the largest plums.  The total volume of plums shall not exceed 15% of the volume of the finished concrete.








11 -16	MEASUREMENTS FOR PAYMENT





The cement concrete shall be measured in cubic metres.  In reinforced concrete, the volume occupied by reinforcement shall not be deducted.  The slab shall be measured as running continuously through and the beam as the portion below the slab.








11 -17	RATE





The contract unit rate for concrete shall include the cost of all labour, materials required for mixing, placing in position, vibrating and compacting, finishing as per the directions of the Engineer, curing and all other incidental expenses including precautionary measures for producing concrete of specified strength to complete the structure or its components as shown on the drawings and according to these Specifications.  The rate shall also include the cost of making, fixing and removing of all centres and forms required for the work unless otherwise specified in the contract.
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