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Sub-base, Base and Shoulders

��3 -1	GRANULAR SUB-BASE



3-1.1	Description



This work shall include laying and compacting of well-graded material on prepared sub-grade in accordance with the requirements of the Specifications.  The sub-base material shall be laid in one or more layers as necessary according to the lines, grading and cross-sections as shown on the drawings or as directed by the Engineer.



3-1.2	Materials



The material to be used for such works shall be any individual or combination of natural sand, moorum, gravel, crushed or broken stone, crushed or broken slag, crushed or broken concrete, over burnt brick aggregates, laterite, etc. depending upon the approved quality and the grading.  The material shall be free from organic or undesirable substances and shall conform with one of the three grading given in Table 3 -1.



Table 3 -1 :  Grading for Granular Sub-base Materials



Sieve Designation�Percentage by Weight Passing the Sieve���Grading I�Grading II�Grading III��80 mm

63 mm

4.75 mm

75 micron�100

90-100

35-70

0-20�100

90-100

40-90

0-25�100

90-100

50-100

0-30��CBR Value (minimum)�30�25�20��

Note :	For all three gradings, the material passing 425 micron sieve shall have a liquid limit of not more than 25% and a plasticity index of not more than 6%.



3-1.2.1	Physical Requirements



The fraction of material passing 20 mm sieve shall give a CBR value as indicated in Table 3 -1 or more (if specified in the contract), when tested in accordance with IS : 2720 (Part XVI) after preparing the samples at maximum dry density and at optimum moisture content corresponding to IS : 2720 (Part VII) and soaking the same in water for 4 days.



3-1.3	Construction Operations



3-1.3.1	Preparation of Sub-grade



Immediately prior to the laying of sub-base, the sub-grade previously completed as per clause 2 -1 or 2 -5 shall be prepared by removing all vegetation and other extraneous matter; by sprinkling lightly with water, if necessary; and by compacting it with one pass of 8-10 ton smooth wheeled roller or with relatively increased number of passes of 1.5 ton concrete roller.



3-1.3.2	Spreading and Compacting



The sub-base material of specified grading shall be spread on the prepared sub-grade.

The thickness of loose layers shall be regulated in such a manner that the attained thickness of each layer does not exceed 150 mm after consolidation.



Moisture content of the loose material shall be checked and suitably adjusted by sprinkling additional water.  At the time of compaction, the moisture content of the loose material shall be within the range of 98%-101% of the optimum moisture content.  While adding water, due allowances shall be made for evaporation losses.  After moistening, each layer shall be scarified or mixed by suitable means in order to make the materials uniformly wet.



Immediately after making the material uniformly wet to the satisfaction of Engineer, rolling shall be started with 8 to 10 ton smooth wheeled rollers or with any other labour-based means or plants such as 1.5 ton concrete roller.  Rolling shall be done longitudinally commencing at the edges and progressing towards the centre except on super-elevated positions.



Rolling on super-elevated positions shall commence from the lower edge and progress towards the upper edge by moving the equipment parallel to the centre line of the pavement.  Each pass of the roller shall uniformly overlap with not less than one third of the adjoining track made during the preceding pass.  During rolling, the grade and camber shall be checked and any high spots or depressions which become apparent shall be corrected by removing or adding fresh material.  Rolling shall be continued till the density attained is at least 100% of the maximum dry density for the material.



The surface of any layer of material on completion of compaction shall be well closed; free from any surface movement due to the load of compaction plants; and free from ridges, cracks and loose materials.  All loose, segregated, defective areas shall be completely re-laid and re-compacted.



3-1.4	Finishing of Surface and Quality Control Works



The finishing work of surfaces shall conform with the requirements of clause 5 -1.  Effective quality control of materials and works shall be exercised by the Engineer as per the clause 5 -2.



3-1.5	Arrangement for Traffic



During the period of construction, the flow of traffic shall be maintained in accordance with clause G -12.



3-1.6	Measurements for Payment



Granular sub-base shall be measured as finished work in position in cubic metres.



3-1.7	Rate



The contract unit rate for granular sub-base shall be paid in full for carrying out the required operations including full compensation for

making arrangements for traffic as per clause G -12 except the works such as initial treatment to shoulders and construction of diversions;

furnishing all materials to be incorporated in the work including all royalties, fees, rents (where necessary), all leads and lifts;

carrying out the work in a part of the roadway width, leaving the rest of the width for the passage of traffic whenever directed; and

all labour and incidentals required to complete the work as per the Specifications.





3 -2	WATER BOUND MACADAM SUB-BASE/BASE COURSE/WEARING COURSE



3-2.1	Description



Water bound macadam shall consist of clean, crushed aggregates mechanically interlocked by rolling and at the same time, bonded together with screenings, binding materials (where necessary) and water.  It shall be laid on any or combination of the prepared sub-grade, sub-base, base or existing pavement and finished in accordance with the requirements of the Specifications and in conformity with the lines, grades, and cross-sections shown on the drawings or otherwise directed by the Engineer.



3-2.2	Materials



3-2.2.1	Coarse Aggregates (General Requirements)



Coarse aggregates shall be crushed stone or broken stone or natural gravel or over burnt brick aggregate.  The aggregates shall conform to the physical requirements specified in Table 3 -2(a).  Type and the range of size of aggregate shall be specified in the contract.



Table 3 -2(a) :  Physical Requirements of Coarse Aggregates for Water Bound Macadam



S. No.�Type of Construction�Test�Requirements��1









2�Sub-base









Base�Los Angeles Abrasion Value

or

Aggregate Impact Value





Los Angeles Abrasion Value

or

Aggregate Impact Value



Flakiness Index�50% maximum



40% maximum





50% maximum



40% maximum



15% maximum��



3-2.2.2	Details of Aggregate Materials



Crushed or broken stone :  When crushed or broken stone is specified as the coarse aggregate, it shall be hard, durable and free from excess of flat, elongated, soft and disintegrated particles, dirt and other objectionable matter.



Over burnt brick aggregate :  Brick aggregate shall be made out of over burnt bricks or brick bats and be free from dust and other undesirable matter.



3-2.2.3	Grading Requirements of Coarse Aggregates



The coarse aggregates shall conform to one of the grading specified in Table 3 -2(b), provided that the use of Grading I shall be restricted to sub-base course only.

Table 3 -2(b) :  Grading Requirements of Coarse Aggregates



Grading No.�Size Range�Sieve Designation�Percentage by Weight Passing the Sieve��I�90 mm to 40 mm�100 mm

80 mm

63 mm

40 mm

20 mm�100

65-85

25-60

0-15

0-5��II�63 mm to 40 mm�80 mm

63 mm

50 mm

40 mm

20 mm�100

90-100

35-70

0-15

0-5��III�50 mm to 20 mm�63 mm

50 mm

40 mm

20 mm

10 mm�100

95-100

35-70

0-10

0-5��



3-2.2.4	Screenings



Screenings to fill voids in the course aggregate shall generally consist of the same material as the coarse aggregate.  However, where permitted, predominantly non-plastic materials such as moorum or gravel (other than rounded river borne material) may be used for this purpose provided liquid limit and plasticity index of such material is below 20 and 6, respectively, and fraction passing 75 micron sieve does not exceed 10%.



As far as possible, screenings shall conform to the grading specified in Table 3 -2(c).  Screenings of Type A in Table 3 -2(c) shall be used with coarse aggregates of Grading I in Table 3 -2(b).  Screenings of Type A or B in Table 3 -2(c) shall be used with coarse aggregates of Grading II in Table 3 -2(b).  Similarly, Type B shall be used with coarse aggregates of Grading III.  The use of screenings may be omitted in the case of soft aggregates such as over burnt brick bats, quartzite and laterite.



Table 3 -2(c) :  Grading for Screenings



Grading Classification�Size of Screenings�Sieve Designation�Percentage by Weight Passing the Sieve��A�12.5 mm�12.5 mm

10 mm

4.75 mm

150 micron�100

90-100

10-30

0-8��B�10 mm�10 mm

4.75 mm

150 micron�100

85-100

10-30��





3-2.2.5	Binding Materials



Binding material to be used for the construction of water bound macadam shall comprise of a suitable material approved by the Engineer having plasticity index of less than 6.  Application of binding material may not be necessary when the screenings are of crushable type such as moorum, quartzite, laterite or gravel.



3-2.3	Construction Operations



3-2.3.1	Preparation of Base



The sub-grade or sub-base which receives the water bound macadam course shall be prepared to the specified grade, camber and made free of dust and other undesirable materials.  Any ruts and soft yielding places shall be corrected in an approved manner and rolled to make the surface firm.  When water bound macadam is to be laid over an existing black topped surface, 50 mm x 50 mm furrows shall be cut at an angle of 45( to the centre line of the road at 1 m intervals in the existing surface before laying the coarse aggregates.



3-2.3.2	Inverted Choke



	If the water bound macadam is to be laid directly over the sub-grade, without any intervening pavement course, a 25 mm course of screenings (Grading B) shall be spread on the prepared sub-grade before the application of coarse aggregates.



3-2.3.3	Spreading Coarse Aggregates



The coarse aggregates shall be spread uniformly upon the prepared base in such quantities that the thickness of the compacted layer is

100 mm for Grading I and

75-100 mm for Grading II and III, unless otherwise specified.



In no case shall the aggregates be dumped in heaps directly on the surface prepared to receive the aggregate nor shall hauling over un-compacted or partially compacted base be permitted.



The surface of the aggregates spread shall be carefully checked with templates.  All high or low spots shall be rectified by removing or adding aggregates as necessary.  No segregation of large or fine particles shall be allowed.  The coarse aggregates spread shall be of uniform gradation with no pockets of fine materials.  Normally, the coarse aggregates shall not be spread more than 3 days before the subsequent construction operations.



3-2.3.4	Rolling



Immediately following the spreading of the coarse aggregates, rolling shall be started with three wheeled power rollers of 6 to 10 ton or tandem or vibratory rollers of approved type.  The concrete roller of 1.5 ton shall be used if the above ones are not available.  The weight of the roller shall depend upon the type of aggregates.



On super-elevated portions, the rolling shall be carried out from the inner edge to the outer.  On places other than the super-elevated portions, the rolling shall start from the edges and progress gradually towards the centre.



First the edge/edges shall be compacted with roller running forward and backward.  The roller shall then move inwards parallel to the centre line of the road, in successive passes by uniformly lapping the preceding tracks by at least half the width.



Rolling shall be discontinued when the aggregates are partially compacted with sufficient void spaces left.  This makes the application of screenings possible.  However, where screenings are not required as in the case of crushed aggregates, compaction shall be continued until the aggregates are thoroughly interlocked.  During rolling, slight sprinkling of water may be done, if necessary.  Rolling shall not be done when the sub-grade is soft or yielding or when it causes a wave-like motion in the sub-grade or sub-base course.



The rolled surface shall be checked transversely and longitudinally with templates.  If any irregularities are found, these shall be corrected by loosening the surface; adding or removing necessary quantity of aggregates; and re-rolling until the entire surface conforms to the desired camber and grade.  In no case shall the use of screenings be permitted to make up depressions.



3-2.3.5	Application of Screenings



After the coarse aggregate has been rolled as per clause 3-2.3.4, screenings shall gradually be applied in sufficient quantities in order to fill the interstices of the surface.  The screenings shall not be damp or wet at the time of application.  Dry rolling shall be done while the screenings are being spread so that the vibration of the roller helps the screenings to be settled in voids.  The screenings shall not be dumped in piles but be spread uniformly in successive thin layers either by spreading motion of hand shovels or by mechanical spreaders or directly from trucks.  However, the trucks operating for spreading of screenings shall not disturb the coarse aggregates.



The screenings shall be applied at a slow and uniform rate (in three or more applications) in order to ensure the effective filling of all voids.  Dry rolling and sweeping (by hand brooms) shall also be applied in order to facilitate the proper application of screenings.



If the application of screenings is fast and thick, then it forms into cakes or ridges on the surface and, thus, prevents filling of voids or the direct bearing of the roller on the coarse aggregates.  Therefore, such operations shall be discouraged by the Engineer.



These operations shall be continued until no more screenings can be forced into the voids of the coarse aggregates.  The spreading, rolling and sweeping of screenings shall be carried out only in such lengths of the road which could be completed within one day’s operation.



3-2.3.6	Sprinkling and Grouting



After the screenings have been applied, the surface shall be copiously sprinkled with water, swept and rolled.  Hand-brooms shall be used to sweep wet screenings into voids and to spread them evenly.  The sprinkling, sweeping and rolling operations shall be continued with additional screenings applied as necessary until the coarse aggregate has been thoroughly keyed, well bonded and firmly set in its full depth and a grout has been formed of screenings.  Care shall be taken to ensure that the base or sub-grade does not get damaged due to the addition of excessive quantities of water during such operations.









3-2.3.7	Application of Binding Material



After the application of screenings in accordance with clauses 3-2.3.5 and 3-2.3.6, the binding material where it is required to be used shall be applied successively in two or more thin layers at a slow and uniform rate.  After each application of binding materials,

the surface shall be copiously sprinkled with water;

the resulting slurry shall be swept with hand-brooms to fill the voids properly; and

the surface shall be rolled while applying the water to the wheels of the rollers (This operation removes the binding material which is stuck to the roller drums).



These operations shall continue until the resulting slurry, after filling of voids, forms a wave ahead of the wheels of the moving roller.



3-2.3.8	Setting and Drying



After the final compaction of water bound macadam course, the road shall be allowed to dry  overnight.  Next morning, hungry spots shall be filled with screenings of binding material; lightly sprinkled with water, if necessary; and rolled as directed by the Engineer.  No traffic shall be allowed on the road until the macadam is completely set.



3-2.4	Finishing of Surface and Quality Control Works



The finishing work of surfaces shall conform with the requirements of clause 5 -1.  Effective quality control of materials and works shall be exercised by the Engineer as per clause 5 -2.



3-2.5	Arrangements for Traffic



During the period of construction, the flow of traffic shall be maintained in accordance with clause G -12.



3-2.6	Measurements for Payment



Water bound macadam shall be measured as finished work in cubic metres.



3-2.7	Rate



The contract unit rate for water bound macadam which is laid as sub-base/base/wearing course shall be paid in full for carrying out the required operations including full compensation for all components listed in clause 3-1.7.





3 -3	SHOULDER CONSTRUCTION



3-3.1	Description



This work shall include the construction of shoulders on either side of the pavement

in accordance with the requirements of the Specifications;

in conformity with the lines, grades and cross-sections shown on the drawings; or

as directed by the Engineer.



3-3.2	Materials



Shoulders may be of selected earth or granular material conforming to the requirements of clauses 2 -5 or 3 -1, respectively.  The actual material to be used shall be specified.



3-3.3	Construction Operations



Except in the case of bituminous constructions, shoulders shall be constructed in advance of the laying of pavement courses.  The compacted thickness of each layer of shoulder shall correspond to the compacted layer of the pavement course to be laid adjacent to it.  After compaction, the inside edges of shoulders shall be trimmed vertical and all spilled material shall be removed before proceeding with the construction of the pavement layer.



In the case of bituminous courses, shouldering operations shall start only after the pavement course has been laid and compacted.



Regardless of the method of laying, all shoulder construction material shall be placed directly on the shoulder.  Any spilled material dragged on to the pavement surface shall be immediately removed without damage to the pavement.



During all the stages of shoulder construction, the required cross-fall shall be maintained to drained off the surface water.



3-3.4	Measurements for Payment



Shoulder construction shall be measured as finished work in position in cubic metres.



3-3.5	Rate



The contract unit rate for shoulder construction shall be paid in full for carrying out the required operations including full compensation for all components listed in clause 3-1.7.
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