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	GEOSYNTHETICS FOR ROAD AND BRIDGE WORKS

701.1 Application and General Requirements
The specification covers the various applications of geosynthetic materials for use in road and bridge works including supplying and laying as per contract specifications.
Geosynthetic is a general classification for all synthetic materials used in geotechnical engineering application. It includes geotextiles, geogrids, geostrips, geomembranes, geonets, geocomposites, geocells, geosynthetic mats, paving fabric and glass grid etc. Geo fabrics made from natural fibres such as jute, and coir referred to herein under natural geotextiles may also be used in different geotechnical engineering applications. 
	The specification covers the various applications of Geosynthetics materials for use in road and bridge works including supplying and laying as per contract specifications.

[image: ]Geosynthetics is a general classification for all synthetic materials used in geotechnical engineering application. It includes geotextiles, geogrids, geostrips, geomembranes, geonets, geo-composites, geocells, Geosynthetics mats, paving fabric and glass grid etc. Geo fabrics made from natural fibres such as jute, and coir referred to herein under natural geotextiles may also be used in different geotechnical engineering applications.
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	(i) Geotextiles: Any permeable synthetic textile used with foundation, soil, rock, earth, or any other geotechnical engineering-related material as an integral part of a human-made project, structure, or system. 

The geotextile fabric shall be a woven, non-woven or knitted fabric consisting of long-chain polymeric filaments or yarns such as polypropylene, polyethylene or polyester or any combination thereof, formed into a stable network such that the filaments or yarns retain their relative position to each other. 
There are several application areas for geotextiles requiring specific functions namely separation, filtration, drainage, reinforcement or a combination thereof. 
	(i) Geotextiles: Any permeable synthetic textile used with foundation, soil, rock, earth, or any other geotechnical engineering-related material as an integral part of a human- made project, structure, or system.

The geotextile fabric shall be a woven, non-woven or knitted fabric consisting of long-chain polymeric filaments or yarns such as polypropylene, polyethylene, poly amid, glass fibre or polyester or any combination thereof, formed into a stable network such that the filaments or yarns retain their relative position to each other.
There are several application areas for geotextiles requiring specific functions namely protection, erosion surface control, barrier, separation, filtration, drainage, reinforcement or a combination thereof.

	(ii) 
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	(i) Geogrids: A deformed or non-deformed netlike polymeric material used with foundation, soil, rock, earth, or any other geotechnical engineering-related material as an integral part of human-made project, structure, or system. 

Geogrids have relatively high strength, high modulus, and low-creep-sensitive polymers with apertures varying from 10 to 100 mm in size or more. The openings/holes in geogrids are either elongated ellipse, near squares with rounded corners, squares or rectangles. Geogrids can be of uni-axial grid, bi-axial grid or three dimensional grids. 

Geostrip is another form of geogrid, which is used in reinforced soil structures. It is primarily made of synthetic material in strips and is made from high tenacity polyester yarn and contained in a suitable polymer sheath. 
These are used as reinforcement in pavements and reinforced soil slopes
	(ii) Geogrids: A deformed or non-deformed netlike polymeric material used with foundation, soil, rock, earth, or any other geotechnical engineering-related material as an integral part of human-made project, structure, or system.

It is a planar, polymeric structure consisting of a regular open network of integrally connected, tensile elements, which may be linked by extrusion, bonding, or interloping or interlacing, whose openings are larger than the constituents.


Geostrip: It is a polymeric material in the form of a strip of width not more than 200 mm, used in contact with soil and/or other materials in geotechnical and civil engineering applications.
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	(ii) Geomembranes: An essentially impermeable membrane (liner or barrier) used with foundation, soil, rock, earth, or in any other geotechnical application as an integral part of human-made project, structure, or system, used to control fluid migration. 

Geomembranes are made from PVC or polyethylene sheets, which are duly protected from ultraviolet exposure by carbon black or any antioxidants and thermal stabilizers. 

These are used as capillary cut off in roads in waterlogged areas.

	(iii) Geomembranes: An essentially impermeable membrane (liner or barrier) used with foundation, soil, rock, earth, or in any other geotechnical application as an integral part of human-made project, structure, or system, used to control fluid migration.

Geomembranes are made from PVC or polyethylene sheets, which are duly protected from ultraviolet exposure by carbon black or any antioxidants and thermal stabilizers.
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	(iii) Geonets: Geonets are used in combination with other types of geosynthetics. These are usually formed by continuous polymeric ribs at acute angle to one another. When the ribs are opened relatively large size apertures are formed in a net like configuration.

These are used in combination with other geosynthetic materials to form a composite material. 
	(iv) Geonets: Geonets are used in combination with other types of geosynthetics. These are usually formed by continuous polymeric ribs at acute angle to one another. When the ribs are opened relatively large size apertures are formed in a net like configuration.
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	(iv) Geocomposite: A manufactured material, which could be a combination of any two or more synthetic materials like geotextiles, geogrids, geonets and geomembranes etc., in laminated or composite form.  One of the popular form of geocomposite is Drainage Composite. Drainage Composites are formed by combining geotextile or geomembrane with a core of geonet or seratted/corrugated polymeric materials.

Prefabricated Vertical Drains (PVD)/Band Drains and Fin Drains come under the category of geocomposites.
	(v) Geocomposite: A manufactured material, which could be a combination of any two or more synthetic materials like geotextiles, geogrids, geonets and geomembranes etc., in laminated or composite form. One of the popular form of geocomposite is Drainage Composite. Drainage Composites are formed by combining geotextile or geomembrane with a core of geonet or serrated/corrugated polymeric materials.

Prefabricated Vertical Drains (PVD)/Band Drains and Fin drain come under the category of geocomposites.
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	(v) Geocell: It is a three dimensional structure with interconnected cells. The geocells are made of polyester/polypropylene/high density polyethylene stabilized with carbon black.
Geocells may be used in erosion control of slopes
	(vi) Geocell: It is a three-dimensional, permeable (synthetic or natural) honeycomb, or similar cellular structure, made of linked strips of geosynthet
	(vii) 
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	(viii) Geosynthetic Mats: These are two dimensional or three dimensional mats with specified thickness, made of multi-filaments, with apertures to allow vegetation growth for erosion control application. Geosynthetic mat consists of UV stabilized non-degradable polypropylene/polyethylene or similar polymer fibres that are extruded or heat bonded to provide a dimensionally stable matrix. A tension element like steel wire mesh or geogrid shall be included in these mats as reinforcement, where these mats are required to posses more strength against erosive forces, like in steep slopes or in heavy rainfall areas.

These are used for erosion protection of slopes.
	(vii) Geosynthetic Mats: These are two dimensional or three dimensional mats with specified thickness, made of multi-filaments, with apertures to allow vegetation growth for erosion control application. Geosynthetic mat consists of UV stabilized non-degradable polypropylene/polyethylene or similar polymer fibres that are extruded or heat bonded to provide a dimensionally stable matrix. A tension element like steel wire mesh or geogrid shall be included in these mats as reinforcement, where these mats are required to posses more strength against erosive forces, like in steep slopes or in heavy rainfall areas.
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	(ix) Natural Geotextiles: These geotextiles are made of natural fibres like jute or coir. The blankets/mats/mesh made of these fibres are sometimes further reinforced with polymeric nettings to enhance its tensile strength and for holding the fibres intact. The polymer netting is securely stitched on both sides of the fabric to form a strong quilted mat. These fabrics have excellent drapability and aid in quick growth of vegetation and are used for erosion control applications. 
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	(x) Paving Fabric and Glass Grids: The paving fabrics are non woven heat set material, consisting of atleast 85% by weight of polyolefins, polyester or polyamides. They are heat bonded only on one side. 

Glass grids are either a composite glass fibre reinforced geogrid with continuous filament nonwoven geotextile chemically /mechanically bonded to the grid, or bituminous coated glass fibre geogrids with or without adhesive on one side of the grid.

The paving fabric, glass grids and composite of fabric and glass grids are used in bituminous pavements to act as stress relieving membrane and crack retarding layer within the pavement structure. The paving fabric also serves the function of water barrier.

	(viii) Paving Fabric and Glass Grids: The paving fabrics are non-woven heat set material, consisting of atleast 85% by weight of polyolefins, polyester or polyamides. They are heat bonded only on one side.

Glass grids are either a composite glass fibre reinforced geogrid with continuous filament nonwoven geotextile chemically /mechanically bonded to the grid, or bituminous coated glass fibre geogrids with or without adhesive on one side of the grid.
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	701.2 Testing, Certification and Acceptance
701.2.1 Geosynthetic materials shall be tested and certified in the following manner:

(a) The manufacturer shall have ISO or CE certification for manufacturing process  and quality control.
(b)  The manufacturer shall provide manufacturer’s test certificate for every lot supplied from the factory.
(c) The supplier shall provide third party test reports from an independent laboratory with valid accreditation for all the test values in Manufacturer’s test certificate.

701.2.2 Geosynthetics shall be tested in accordance with tests prescribed by BIS. In absence of IS codes, tests prescribed either by ASTM, EN, BS, ISO shall be conducted.

701.2.3 The material shall meet the requirements as specified in the contract.  
	701.2 Testing, Certification and Acceptance
701.2.1 Geosynthetic materials shall be tested and certified in the following manner:
(a) The manufacturer shall have BIS, or ISO or CE certification for manufacturing process and quality control.
(b) The manufacturer shall provide manufacturer’s test certificate for every lot supplied from the factory as per IRC:SP;112.
(c) As per IRC: SP:112 Lot is defined as: In statistical quality control for road & bridge works, Lot represents Population. For example, it may be a section of a particular layer of pavement made from same type of materials and constructed on the same day. The supplier shall provide third party test reports for every lot from an independent Government or NABL laboratory for all the test values in Manufacturer’s test certificate.
701.2.2 Geosynthetics shall be tested in accordance with tests prescribed by BIS. In the absence of IS codes, tests prescribed either by ASTM, EN, BS, ISO shall be conducted.
701.2.3 The material shall meet the requirements as specified in the contract.
	701.3 
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	701.3 Marking
Geosynthetic rolls shall be marked with the following information:
1. Manufacturer's name
1. Roll number 
1. Grade
1. Length
1. Date of manufacture; and
1. Product identification details
	701.4 Marking
Geosynthetic rolls shall be marked with the following information:
(a) Manufacturer's name
(b) Roll number
(c) [image: ]Grade
(d) Length
(e) Date of manufacture; and
(f) Product identification details

	701.5 
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	701.4 Packing, Storage and Handling
701.4.1 Each geosynthetic roll shall be wrapped with a material that will protect the geosynthetic from damage due to shipment, water, sunlight and contaminants. The protective wrapping with a tarpaulin or opaque plastic sheet shall be maintained during periods of shipment and storage. 

During storage, geosynthetic rolls shall be elevated off the ground and adequately covered to protect from site construction damage, precipitation, prolonged ultra-violet radiation including sunlight, chemicals that are strong acids or strong bases, flames including welding sparks, temperatures in excess of 71°C, and any other environmental condition that may damage the physical properties of the geosynthetics. 
701.4.2 If the outer layer of the geosynthetic is damaged, or exposed to sunlight for a period beyond that is permitted the outermost wrap of the rolls shall be discarded, and only the remaining undamaged/unexposed material shall be used. If the geosynthetic rolls become wet, the water proof cover shall be removed, the rolls shall be elevated off the ground and exposed to wind in order to dry the fabric.  The paving fabric used with bitumen overlays shall be completely dry prior to installation. 
	701.4 Packing, Storage and Handling

701.4.1    Each geosynthetic roll shall be wrapped with a material that will protect the geosynthetic from damage due to shipment, water, sunlight and contaminants. The protective wrapping with a tarpaulin or opaque plastic sheet shall be maintained during periods of shipment and storage.

During storage, geosynthetic rolls shall be elevated off the ground and adequately covered to protect from site construction damage, precipitation, prolonged ultra-violet radiation including sunlight, chemicals that are strong acids or strong bases, flames including welding sparks, temperatures in excess of 71°C, and any other environmental condition that may damage the physical properties of the geosynthetics.

701.4.2    If the outer layer of the geosynthetic is damaged, or exposed to sunlight for a period beyond that is permitted the outermost wrap of the rolls shall be discarded, and only the remaining undamaged/unexposed material shall be used. If the geosynthetic rolls become wet, the water proof cover shall be removed, the rolls shall be elevated off the ground and exposed to wind in order to dry the fabric. The paving fabric used with bitumen overlays shall be completely dry prior to installation.
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	Material:
702.2.1 Strength Requirement: The minimum strength of geotextile in terms of MARV under different installation conditions shall be as specified in Table 700-1. 

Table: 700-1: Minimum Geotextile Strength Property Requirements 
	Installation condition

	Type
	Strength property requirement (MARV)

	
	
	Grab Strength in Newton (N) as per ASTM
D 4632 / IS 13162 Part 5
	Tear Strength in Newton (N) as per ASTM
D 4533 / IS 14293
	Puncture Strength in Newton (N) as per IS 13162 Part 4
	Burst Strength in Newton (N) as per ASTM D 3786/IS 1966

	
	
	Elongation at Failure

	
	
	<50%
	>50%
	<50%
	>50%
	<50%
	>50%
	<50%
	>50%

	Harsh installation condition
	Type 1
	1400
	900
	500
	350
	500
	350
	3500
	1700

	Moderate Installation condition
	Type II
	1100
	700
	400
	250
	400
	250
	2700
	1300

	Less Severe Installation condition
	Type III
	800
	500
	300
	180
	300
	180
	2100
	950






Note:  
(1) All numeric values in the above table represent Minimum Average Roll Value (MARV) in weaker principal direction. The MARV is derived statistically as the average value minus two standard deviations. 
(2) When the geotextiles are joined together by field sewing, the seam strength shall be at least 60 percent of the material’s tensile strength. All field seams shall be sewn with thread as strong as the material in the fabric. 
(3) 701 The puncture strength if determined in accordance with ASTM D 6241, the   minimum requirement in terms of “Newton (N)” shall be as follows:



	Installation condition

	Strength property requirement (MARV)

	
	Puncture Strength in Newton (N) as per
ASTM D 6241.

	
	Elongation at Failure

	
	< 50 %
	> 50 %

	Harsh installation condition
	2800
	2000

	Moderate Installation condition
	2250
	1400

	Less Severe Installation condition
	1700
	1000



	Material:
702.2.1 Strength Requirement: The minimum strength of geotextile in terms of MARV under different installation conditions shall be as specified in Table 700-1.
[image: ]Table: 700-1: Minimum Geotextile Strength Property Requirements

	



Installation condition
	




Type
	Strength property requirement (MARV)

	
	
	Grab Strength in Newton (N) as per IS 16342
	Tear Strength in Newton (N) as per IS 14293
	Puncture Strength in Newton (N) as per IS 16078

	
	
	Elongation at Failure

	
	
	<50%
	>50%
	<50%
	>50%
	<50%
	>50%

	Harsh installation condition
	Type 1
	
1400
	
900
	
500
	
350
	
2800
	
2000

	Moderate Installation condition
	Type II
	
1100
	
700
	
400
	
250
	
2250
	
1400

	Less Severe Installation condition
	Type III
	
800
	
500
	
300
	
180
	
1700
	
1000


Note:
(1) All numeric values in the above table represent Minimum Average Roll Value (MARV) in weaker principal direction. The MARV is derived statistically as the average value minus two standard deviations.
(2) When the geotextiles are joined together by field sewing, the seam strength shall be at least 60 percent of the material’s tensile strength. All field seams shall be sewn with thread as strong as the material in the fabric.
(3) The type of geotextiles to be used in different applications are given in the table below. These types of geotextiles are being suggested based on field experience, laboratory testing, and visual inspection of the geotextile samples removed from the field test sections and are indicative. However, if the site engineer observes on a field trial that a different category of geotextile is required to be used for a particular application, the types of geotextiles shall be changed and tested as per the latest published Indian Standards or IRC Standards or as per contract agreement.

	Geotextile Applications
	Geotextile Types

	Filtration applications in
	2

	subsurface drainage
	

	Separation of soil subgrades (soaked CBR ≥ 3)
	2

	Stabilization of soft subgrades ( 1 ˂ Soaked CBR ˂ 3)
	1

	Permanent erosion control (for example, geotextiles beneath rock riprap/below the gabion mattress)
	2 for woven
monofilament, 1 for all other geotextiles

	Filtration behind reinforced soil retaining walls
	3

	Basal reinforcement (woven)
	1



*IS:16362 shall be referred for use of geotextile for subgrade stabilization works. For the application of geotextile under different installation conditions for reinforced soil structures are given in BIS TXD document on Reinforced Soil Structures. For permanent erosion control applications under different installation conditions of geotextile, refer IS 16392. For geotextiles used in subsurface drainage applications under different installation conditions, refer IS 16393.
(4) Survivability of geotextiles for road projects shall be verified by conducting field trials/tests under site-specific conditions such as different subgrade conditions, permanent erosion control applications on side slopes, erosion control measures beneath rock riprap/below the gabion mattress, wrapping of aggregates with geotextile for drainage application in pavement edge drains and as a drainage and filtration in reinforced soil structures etc., using various types of construction equipment proposed to be used during the period of actual construction/implementation.

The provision of field trials shall be very strictly checked by the Engineer to ensure the compliance as per stipulated specification given in Indian Standard for each type of geotextiles in the project. In case on noncompliance, the contractor shall repeat the trail section till the geo textiles conform to the required specification for a particular use.

(5) These field tests shall involve trial sections using different geotextiles as indicated above such as Type-1, Type-2 or Type-3. On the basis of field trials, if it is observed that the specified geotextile has damaged or indicate the signs of distress, the higher strength fabric shall be adopted and tried again. The provisions in the contract shall permit to conduct these tests during the period of execution and to make decision regarding the selection of each type of geotextile as approved by the Engineer.
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	702.2.3 Hydraulic Requirements for Various Applications
702.2.3.1 Subsurface Drainage
The geotextile shall conform to the physical requirements specified in Table 700-3.

Table: 700-3: Geotextile Requirements for Subsurface Drainage

	In-situ passing 0.075 mm sieve (%)
	Permittivity, per sec, as per ASTM
D 4491/ IS 14324 : 1995
	Maximum Apparent opening size, mm ASTM D 4751/ IS 14294 : 1995

	< 15
	0.5
	0.43

	15 to 50
	0.2
	0.25

	> 50
	0.1
	0.22



The type of geotextile shall be decided by the Engineer depending upon the installation conditions.
	702.2.3 Hydraulic Requirements for Various Applications

702.2.3.1 Subsurface Drainage

The geotextile shall conform to the physical requirements specified in Table 700-3.




Table: 700-3: Geotextile Requirements for Subsurface Drainage
	In-situ passing
0.075 mm sieve (%)
	Permittivity, per sec, as per
IS 14324
	Maximum Apparent opening size, mm IS 14294

	< 15
	0.5
	0.43

	15 to 50
	0.2
	0.25

	> 50
	0.1
	0.22


The type of geotextile shall be decided by the Engineer depending upon the installation conditions.

	702.2.4 

	17
	702.2.3.2  Separation
The geotextile for different subgrade soil conditions shall conform to the requirements  given in Tables 700-4 and 700-5. 
Table: 700-4: Geotextile Requirements for Separation (Subgrades Soaked CBR >3)

	
Sl. No.
	Geotextile Property
	Requirement

	1.
	Permittivity as per ASTM D 4491
	0.02 sec-1 (per sec) 

	2.
	Maximum Apparent Opening Size as per ASTM D 4751
	0.60 mm 



	702.2.3.2   Separation
The geotextile for different subgrade soil conditions shall conform to the requirements given in Tables 700-4 and 700-5.

Table: 700-4: Geotextile Requirements for Separation (Subgrades Soaked CBR >3)
	Sl. No.
	Geotextile
Property
	Requirement

	1.
	Permittivity as per IS 14324
	0.02 sec-1 (per sec)

	2.
	Maximum Apparent Opening Size as per IS 14294
	0.60 mm
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	Table: 700-5: Geotextile Requirements for Separation (Subgrades Soaked CBR ≤3)

	Sl. No.
	Geotextile Property
	Requirement

	1.
	Permittivity as per ASTM D 4491
	0.05 sec-1 (per sec) 

	2.
	Maximum Apparent Opening Size as per ASTM D 4751
	0.43 



	Table: 700-5: Geotextile Requirements for Separation (Subgrades Soaked CBR ≤3)

	Sl. No.
	Geotextile
Property
	Requirement

	1.
	Permittivity as per IS 14324
	0.05 sec-1 (per sec)

	2.
	Maximum Apparent Opening Size as per IS 14294
	0.43
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	702.2.3.3  Erosion Control
The geotextile for erosion control shall conform to requirements given in Table 700-6.

Table: 700-6: Geotextile Requirements for Erosion Control
	In-situ soil passing 
0.075 mm sieve
(%)
	Permittivity, per sec ASTM D 4491

	Maximum Apparent opening size, mm ASTM D 4751

	<15 
	0.7
	0.43

	15 to 50
	0.2
	0.25

	>50
	0.1
	0.22






	702.2.3.3 Erosion Control
The geotextile for erosion control shall conform to requirements given in Table 700-6

Table: 700-6: Geotextile Requirements for Erosion Control

	In-situ soil passing
0.075 mm
sieve (%)
	Permittivity as per IS 14324
	Maximum Apparent Opening Size as per IS 14294

	<15
	0.7
	0.43

	15 to 50
	0.2
	0.25

	>50
	0.1
	0.22
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	702.3     Construction
702.3.1 General 
Exposure of geotextiles to the elements between lay down and cover shall be a maximum of 14 days to minimize damage potential.

In trenches, after placing the backfill material, the geotextile shall be folded over the top of the filter material to produce a minimum overlap of 300 mm for trenches greater than 300mm wide. In trenches less than 
300 mm wide, the overlap shall be equal to the width of the trench. The geotextile shall then be covered with the subsequent course. 

Overlap at roll ends and at adjacent sheets shall be a minimum of 450 mm, except when placed under water. In such instances, the overlap shall be a minimum of 1 m. Where seams are required in the longitudinal trench direction, they shall be joined by either sewing or overlapping. All seams and overlaps shall be subject to the approval of the Engineer. 

Care shall be taken during installation so as to avoid any damage to the geotextile. Damages, if any, during installation shall be repaired by placing a geotextile patch over the damaged area and extending it 1m beyond the perimeter of the tear or damage, or as approved by the Engineer.
	702.3 Construction\
702.3.1 General
Exposure of geotextiles to the elements between lay down and cover shall be a maximum of 14 days to minimize damage potential.
In trenches, after placing the backfill material, the geotextile shall be folded over the top of the filter material to produce a minimum overlap of 300 mm for trenches greater than 300mm wide. In trenches less than 300 mm wide, the overlap shall be equal to the width of the trench. The geotextile shall then be covered with the subsequent course.
Overlap at roll ends and at adjacent sheets shall be a minimum of 450 mm, except when placed under water. In such instances, the overlap shall be a minimum of 1 m. Where seams are required in the longitudinal trench direction, they shall be joined by either sewing or overlapping. All seams and overlaps shall be subject to the approval of the Engineer.
Care shall be taken during installation so as to avoid any damage to the geotextile. Damages, if any, during installation shall be repaired by placing a geotextile patch over the damaged area and extending it 1m beyond the perimeter of the tear or damage, or as approved by the Engineer.
	702.4 
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	702.3.2 Subsurface Drainage
Construction shall conform to Clause 309.3 of the specifications.
	702.3.2 Subsurface Drainage
Construction shall conform to Clause 309.3 of the specifications.



	

	22
	702.3.3 Separation
After preparation of subgrade as per the specifications along the road alignment, geotextile shall be rolled out as indicated in the drawings. The entire roll shall be placed on the subgrade and unrolled as smoothly as possible. Wrinkles and folds in the fabric shall be removed by stretching as required.

Adjacent rolls of geotextiles shall be overlapped, sewn, or joined as required. For curves, the geotextile shall be folded or cut and overlapped in the direction of construction. Folds in the geotextile shall be stapled or pinned approximately 0.6 m centre-to-centre. Before covering, the condition of the geotextile shall be checked for damage (i.e., holes, nips, tears, etc) by the Engineer.

Before placing the first lift of granular sub-base on the geotextile, a trial stretch of 100 m shall be laid as per roll width to establish a proper construction methodology of placing and compacting the sub-base in a manner that no damages are caused to the separation layer of geotextile.
	702.3.3 Separation
After preparation of subgrade as per the specifications along the road alignment, geotextile shall be rolled out as indicated in the drawings. The entire roll shall be placed on the subgrade and unrolled as smoothly as possible. Wrinkles and folds in the fabric shall be removed by stretching as required.
Adjacent rolls of geotextiles shall be overlapped, sewn, or joined as required. For curves, the geotextile shall be folded or cut and overlapped in the direction of construction. Folds in the geotextile shall be stapled or pinned approximately 0.6 m centre-to-centre. Before covering, the condition of the geotextile shall be checked for damage (i.e., holes, nips, tears, etc) by the Engineer.
[image: ]Before placing the first lift of granular sub-base on the geotextile, a trial stretch of 100 m shall be laid as per roll width to establish a proper construction methodology of placing and compacting the sub-base in a manner that no damages are caused to the separation layer of geotextile.
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	702.3.4 Filter Layer Under Stone Pitching for Erosion Control: 
The geotextile shall be placed in intimate contact of soil ensuring slight tension, to avoid wrinkles or folds and shall be anchored on a properly shaped surface as indicated in drawings and approved by the Engineer.

It shall be ensured that the placement of the overlying material be placed in such a manner that it does not tear/puncture the geotextile. Anchoring of the terminal ends of the geotextile shall be accomplished as per drawings through the use of key trenches or aprons at the crest and toe of slope.

The geotextile shall be placed with the machine direction parallel to the direction of water flow. Adjacent geotextile sheets shall be joined by either sewing or overlapping. 

The pitching shall begin at the toe and proceed up the slope. Big sized boulders shall not be allowed to roll down the slope.

Any geotextile damaged shall be either replaced or repaired with a patch, as directed by the Engineer, at the cost of the contractor.
	702.3.4 Filter Layer Under Stone Pitching for Erosion Control:
The geotextile shall be placed in intimate contact of soil ensuring slight tension, to avoid wrinkles or folds and shall be anchored on a properly shaped surface as indicated in drawings and approved by the Engineer.
This application generally comes under harsh installation conditions as heavy stones are placed over geotextiles. Therefore, Type-1 geotextile is recommended unless/otherwise specified by the Engineer in charge by considering local and specific site conditions.
It shall be ensured that the placement of the overlying material be placed in such a manner that it does not tear/puncture the geotextile. Anchoring of the terminal ends of the geotextile shall be accomplished as per drawings through the use of key trenches or aprons at the crest and toe of slope.
The geotextile shall be placed with the machine direction parallel to the direction of water flow. Adjacent geotextile sheets shall be joined by either sewing or overlapping.
The pitching shall begin at the toe and proceed up the slope. Big sized boulders shall not be allowed to roll down the slope.
Any geotextile damaged shall be either replaced or repaired with a patch, as directed by the Engineer, at the cost of the contractor.

	702.3.5 
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	702.4 Measurement for Payment
The measurement for payment for sub surface drains shall be as per Clause 309. 

The geotextile for separation and for filter layer shall be measured in square metres as per planned dimensions with no allowance for overlapping at transverse and longitudinal joints.  Excavation, back fill, bedding and cover material shall be measured separately as per relevant clauses of the Contract. 
	702.4 Measurement for Payment
The measurement for payment for sub surface drains shall be as per Clause 309.4
The geotextile for separation and for filter layer shall be measured in square metres as per planned dimensions with no allowance for overlapping at transverse and longitudinal joints. Excavation, back fill, bedding and cover material shall be measured separately as per relevant clauses of the Contract.

	702.5 
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	702.5	Rate
The contract unit rate for sub surface drains using geotextile shall be as per Clause 309.5. The contract unit rate for the accepted quantities of geotextile for separation and filter layer in place shall be full compensation for furnishing, preparing, hauling, and placing geotextile including all labour, freight, tools, equipment, and incidentals to complete the work as per specifications.
	702.6 Rate
The contract unit rate for sub surface drains using geotextile shall be as per Clause 309.5. The contract unit rate for the accepted quantities of geotextile for separation and filter layer in place shall be full compensation for furnishing, preparing, hauling, and placing geotextile including all labour, freight, tools, equipment, and incidentals to complete the work as per specifications.
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	703 GEOGRID

703.1. Scope: The work covers the use of geogrids in sub-base of pavement, erosion control of slopes, reinforced soil slopes and reinforced soil walls including supplying and laying as per design, drawing and these specifications.

The use of geogrids as a component for reinforced soil slopes and walls shall be as per Section 3100.
	703 GEOGRID
703.1. [image: ]Scope: The work covers the use of geogrids in base and sub-base of pavement, erosion control of slopes, reinforced soil slopes and reinforced soil walls including supplying and laying as per design, drawing and these specifications.
The use of geogrids as a component for reinforced soil slopes and walls shall be as per Section 3100.
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	703.2 . Materials
703.2.1	General
Geogrids shall be either made from high tenacity polyester yarn jointed at cross points by weaving, knitting or bonding process with appropriate coating or from polypropylene or polyethylene or any other suitable polymeric material by an appropriate process. Geogrids manufactured by extrusion process are integrally jointed, mono or bi-directionally oriented or stretched meshes, in square, rectangular, hexagonal or oval mesh form. The geogrids manufactured by weaving/knitting/bonding process shall be formed into a stable network such that ribs, filaments or yarns retain their dimensional stability relative to each other including selvages. 
	703.2 Materials

703.2.1 General

Geogrids shall be either made from high tenacity polyester yarn jointed at cross points by weaving, knitting or bonding process with appropriate coating or from polypropylene or polyethylene or any other suitable polymeric material by an appropriate process. Geogrids manufactured by extrusion process are integrally jointed, mono or bi-directionally oriented or stretched meshes, in square, rectangular, hexagonal or oval mesh form. The geogrids manufactured by weaving/knitting/bonding process shall be formed into a stable network such that ribs, filaments or yarns retain their dimensional stability relative to each other including selvages
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	703.2.2 Sub-base Reinforcement: 
Geogrid for use as reinforcement of sub-base layers of flexible pavements shall meet the requirement as per the design subject to the minimum requirements as given in Table 700-7. 
	703.2.2 Base & Sub-base Reinforcement:
Geogrid for use as reinforcement of base & sub-base layers of flexible pavements shall meet the requirement as per the design subject to the minimum requirements as given in Table 700-7 (as per IRC:SP:59 given in Table 4.5).
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	Table:  700-7:Minimum Requirements for Geogrid for Sub-Base of Flexible Pavement

	[bookmark: _Hlk528236210]Property
	Test Method
	Unit
	Requirement

	Stiffness at 0.5% strain
	ISO 10319
	kN/m
	350;  both in machine and cross-machine direction

	Tensile strength@2% strain
	ASTM D6637
	kN/m
	15 % of Tult ; both in machine and cross-machine direction

	Tensile strength@5% strain
	ASTM D6637
	kN/m
	20 % of Tult ; both in machine and cross-machine direction

	Junction Efficiency for extruded geogrids
	GRI-GG2-87or ASTM-WK 14256 
	
	90 % of rib ultimate tensile strength

	Ultraviolet stability 
	ASTM D4355
	
	70%  after 500 hrs exposure


Note	1)   All numerical values in the Table represent MARV in the specified direction.
2) 	All geogrids shall be placed along machine direction parallel to the centre line of roadway alignment.

	Table: 700-7:Minimum Requirements for Geogrid for Base & Sub-Base of Flexible Pavement
IRC:SP:59-2019
	Table 4.5 Minimum Requirements of Geogrid for Base & Sub-base Stabilization of Flexible Pavement

	Property
	Test Method
	Unit
	Requirement

	Stiffness at 0.5% strain
	IS 13162 Part 5/ISO 10319
	kN/m
	≥350; both in machine and cross- machine
direction

	Tensile strength @2% strain
	IS 13162 Part 5/ISO 10319/ ASTM D6637
	kN/m
	≥15 % of T both in machine and cross-
machine direction

	Tensile strength @5% strain
	IS 13162 Part 5/ISO 10319/ ASTM D6637
	kN/m
	≥20 % of T both in
machine and cross- machine direction

	Junction efficiency for extruded geogrids
	GRI-GG2-87 or ASTM- WK 14256
	-
	90 % of rib ultimate tensile strength

	Ultraviolet stability
	IS 13162 Part 2/ASTM D4355
	-
	70% after 500 hrs exposure


Note:
(1) All numerical values in the Table represent MARV in the specified direction.
(2) All geogrids shall be placed along machine direction parallel to the centre line of roadway alignment
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	703.2.3	Erosion Control
The geogrid for erosion control application shall have the minimum tensile strength of 4kN/m, when tested as per ASTM D5035 (Minimum Average Roll Value in Machine Direction). The aperture opening size shall be minimum 20mm x 20mm and average grid thickness shall be minimum 1.0 mm. Geogrid for erosion control application shall be UV stabilized. The geogrid shall have ultraviolet stability of 70% after 500hrs exposure as per ASTM D 4355. 
	703.2.3 Erosion Control

The geogrid for erosion control application shall have the minimum tensile strength of 4kN/m, when tested as per ISO 10319 (Minimum Average Roll Value in Machine Direction). The aperture opening size shall be minimum 20mm x 20mm and average grid thickness shall be minimum 1.0 mm. Geogrid for erosion control application shall be UV stabilized. The geogrid shall have ultraviolet stability of 70% after 500hrs exposure as per IS 13162 Part-2.
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	703.2.4 Reinforced Soil Slopes and Walls
The strength and other requirements shall be as per Section 3100.
	703.2.4 Reinforced Soil Slopes and Walls
The strength and other requirements shall be as per Section 3100
	703.2.5 
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	703.3 Installation and Construction Operations
703.3.1 Sub-base Reinforcement
Prior to laying of geogrid, the surface shall be properly prepared, cleaned and dressed to the specified lines and levels as shown on the drawings. 
The geogrid shall be laid within the pavement structure as shown on the drawings.

Geogrid reinforcement shall be placed flat, pulled tight and held in position by pins or suitable means until the subsequent pavement layer is placed. 

No vehicle shall be allowed on geogrid unless it is covered by at least 150mm thick sub-base material.
	703.3 Installation and Construction Operations

703.3.1 Sub-base Reinforcement
Prior to laying of geogrid, the surface shall be properly prepared, cleaned and dressed to the specified lines and levels as shown on the drawings.
The geogrid shall be laid within the pavement structure as shown on the drawings.
Geogrid reinforcement shall be placed flat, pulled tight and held in position by pins or suitable means until the subsequent pavement layer is placed.
No vehicle shall be allowed on geogrid unless it is covered by at least 150 mm thick sub-base material.
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	703.3.2 Erosion Control
The geogrid for erosion control applications shall be installed in accordance with the manufacturer’s recommendation and as per Section 706.3. 
	703.3.2 Erosion Control
The geogrid for erosion control applications shall be installed in accordance with the manufacturer’s recommendation and as per Section 706.3.
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	703.3.3 Reinforced slopes and walls
The geogrid for reinforced slopes and walls shall be installed in accordance with the manufacturer’s recommendation and as per Section 3100. 
	703.3.4 Reinforced Slopes and Walls
[image: ]The geogrid for reinforced slopes and walls shall be installed in accordance with the manufacturer’s recommendation and as per Section 3100.
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	703.4	Measurement for Payment 
The geogrid shall be measured in square metres as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope.  Excavation, back fill, bedding and cover material shall be measured separately as per relevant clauses of the Specifications. Reinforced soil slopes and walls shall be measured as per Section 3100.
	703.4 Measurement for Payment
The geogrid shall be measured in square metres as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope. Excavation, back fill, bedding and cover material shall be measured separately as per relevant clauses of the Specifications. Reinforced soil slopes and walls shall be measured as per Section 3100.
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	703.5	Rate
The contract unit rate for the accepted quantities of geogrid in place shall be in full compensation for furnishing, preparing, hauling, and placing geogrid including all labour, freight, tools, equipment, and incidentals to complete the work as per specifications.
For reinforced soil slopes and walls, Section 3100 shall govern.
	703.6     Rate
The contract unit rate for the accepted quantities of geogrid in place shall be in full compensation for furnishing, preparing, hauling, and placing geogrid including all labour, freight, tools, equipment, and incidentals to complete the work as per specifications.
For reinforced soil slopes and walls, Section 3100 shall govern.
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	704 GEOCOMPOSITE DRAINS
704.1  Scope
The work covers the use of geocomposite drainage system: (i) Fin drains, and (ii) Prefabricated Vertical Drains The work for fin drainsshall be carried out in accordance with the requirements of these specifications and to the lines, grades, dimensions and other particulars shown on the drawings or as directed by the Engineer. The work for prefabricated vertical drain shall be carried out as per Clause 314.

Fin drains with plastic core shall be installed for affecting vertical and/ or horizontal drainage.

Prefabricated vertical drains shall be installed in soft saturated subsoils at designed spacing so as to accelerate the rate of consolidation.
	705 GEOCOMPOSITE DRAINS
704.1 Scope
The work covers the use of geo-composite drainage system: (i) Fin drains, (ii) Prefabricated Vertical Drains, and (iii) Capillary cut-off/Filtration and Drainage. The work for shall be carried out in accordance with the requirements of these specifications and to the lines, grades, dimensions and other particulars shown on the drawings or as directed by the Engineer. The work for prefabricated vertical drain shall be carried out as per Clause 314. The work for Fin drain & Capillary cutoff shall be carried out as per IRC 34.
Fin drains with plastic core shall be installed for affecting vertical and/ or horizontal drainage.
Prefabricated vertical drains shall be installed in soft saturated subsoils at designed spacing so as to accelerate the rate of consolidation.
A Geo-composite with one side geomembrane and the other side geotextile on the core shall be used to arrest capillary cutoff. Geo-composite may also be provided additionally for filter and drainage application behind reinforced soil retaining walls and below rigid pavement as per the design. However, in this application, the Geo-composite shall have geotextile on both sides of the core material.
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	704.2   Materials 
704.2.1 Fin drains:
Fin drains shall be made of light weight, three dimensional high compressive strength polyethylene core; and heat bonded or needle punched polypropylene / polyester geotextile provided on one side or both sides of the core as per the requirements. Geotextile used in a drainage composite shall meet the requirements as specified in Table 700-9. The properties of the core material shall meet the requirements as indicated in Table 700-10. 
	704.2 Materials

704.2.1 Fin drain:
Fin drains shall be made of light weight, three-dimensional high compressive strength polyolefin core; and hear bonded or needle punched polypropylene / polyester geotextile provided on one side or both sides of the core thermally bonded as per the requirements given in IRC:34.
Geotextile used in a drainage composite shall meet the requirements as specified in Table 700-
9. The properties of the core material shall meet the requirements as indicated in Table 700-10.
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	Table 700-9: Geotextile Requirements for Fin drains
	In-situ soil passing 0.075 mm sieve
(%)
	Permittivity, per sec ASTM
D 4491/ IS 14324 : 1995 
	Maximum Apparent opening size, mm as per ASTM D 4751/ IS 14294 : 1995

	< 15
	0.5
	0.43

	15 to 50
	0.2
	0.25

	> 50
	0.1
	0.22



	Table 700-9: Geotextile Requirements for Fin drains

	In-situ soil passing 0.075 mm sieve
(%)
	Permittivity, per sec IS 14324
	Maximum Apparent opening size, mm as per IS 14294

	< 15
	0.5
	0.43

	15 to 50
	0.2
	0.25

	> 50
	0.1
	0.22
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	Table 700-10: Properties for Fin drain Core
	Property
	Test method
	Units
	Minimum average Roll value

	Tensile strength 
	EN ISO 10319
	kN/m
	16

	CBR Puncture Resistance
	EN ISO 12236
	N
	3000

	Mass per unit area
	EN ISO 9864
	g/m2
	710

	Thickness of Composite
	EN ISO 9863
	mm
	4.5*


	In-plane permeability
	Hydraulic Gradient, i=1 at 100 kPa pressure
	EN ISO 12958
	l/m
	0.55*


	
	Hydraulic Gradient, i=1 at 200 kPa pressure
	
	
	0.45*




	Table 700-10: Properties for Fin drain Core
	Property
	Test method
	Units
	Minimum Average Roll Value

	Tensile strength
	EN ISO 10319
	kN/m
	≥16

	CBR Puncture Resistance
	EN ISO 12236
	N
	≥3000

	Mass per unit area
	EN ISO 9864
	g/m2
	≥710

	Thickness of Composite
	EN ISO 9863
	mm
	≥4.5*

	In-plane permeability
	Hydraulic Gradient, i=1 at 100 kPa pressure rigid-soft condition
	EN ISO 12958
	l/m.s
	≥0.55*

	
	Hydraulic Gradient, i=1 at 200 kPa pressure rigid/soft condition
	
	
	≥0.45*

	Indicative Reduction Factor for the compressive creep of the Geo- composite for ≥ 100 years at relevant pressure 50 to 500 kPa
	
ISO 25619- 1:2008/ASTM D7361-07
	
	

1.05 to 5

	Indicative Reduction Factor for the intrusion of filter geotextiles into the draining core
	
	
-
	
1-1.5

	Indicative Reduction Factor
for chemical clogging of the draining core
	
	
-
	
1-1.3

	Indicative Reduction Factor for biological clogging of the draining core
	
	
-
	
1-1.3


[image: ]*Note: The indicated values are the minimum acceptable values. The actual values shall be as
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	704.2.2	Prefabricated Vertical Drains (PVDs)/ Band Drains
The PVDs/ Band Drains shall meet the requirements as specified in Table: 700-11. 
Table: 700-11: Properties for Prefabricated Vertical Drains/ Band Drains

	Sl. No
	Property
	Test Method
	Value

	A
	Composite Drain

	1
	Width
	
	
100 mm

	2
	Thickness
	ASTM D5199
	
4 mm

	3
	Tensile strength
	ASTM D4595
	>2.00 kN

	4
	Elongation at break
	
	>35 %

	5
	Discharge capacity
	i = 1.0 at, 300 kPa pressure
	ASTM D4716
	>1.5 x 10-5 m3/s




	B
	Core

	1
	Material
	
	Polypropylene/ Polyethylene

	2
	Configuration / structure
	
	Corrugated, filament, dimpled, studded etc.

	C
	Filter

	1
	Material 
	
	Polyester/ polypropylene

	2
	Structure
	
	Nonwoven

	3
	Mass per unit area
	ASTM D5261
	>120 g/m2

	4
	Tensile strength
	ASTM D4632
	>500 N

	5
	Elongation at break
	
	>45 %

	6
	Trapezoid tear strength
	ASTM D4533
	>150 N

	7
	Permeability
	ASTM D4491
	>5 x 10-6 m/s

	8
	Apparent opening size
	ASTM D4751
	<80 μm



	704.2.2 Prefabricated Vertical Drains (PVDs)/ Band Drains
The PVDs/ Band Drains shall meet the requirements as specified in Table: 700-11.

Table: 700-11: Properties for Prefabricated Vertical Drains/ Band Drains

	Sl. No
	Property
	Test Method
	Value

	A
	Composite Drain

	1
	Width
	
	 100 mm

	2
	Thickness
	IS:13162
Part 3
	 4 mm

	3
	Tensile strength
	IS:13162
Part 5
	>2.00 kN

	4
	Elongation at break
	
	>35 %

	
5
	Discharge capacity
(Soft-Soft contact)
	i = 1.0 at, 300 kPa pressure
	
ASTM D4716
	>1.5
m3/s
	x
	10-5

	B
	Core

	1
	Material
	
	Polypropylen e/ Polyethylene

	
2
	Configuration / structure
	
	Corrugated, filament, dimpled, studded etc.

	C
	Filter

	
1
	Material
	
	Polyester/ polypropylen e

	2
	Structure
	
	Nonwoven

	3
	Mass per unit area
	IS :14716
	>120 g/m2

	4
	Tensile strength
	IS:13162
Part 5
	>500 N

	5
	Elongation at break
	
	>45 %

	6
	Trapezoid strength
	tear
	IS:14293
	>150 N

	7
	Permeability
	IS:14324
	>5 x 10-6 m/s

	8
	Apparent size
	opening
	IS:14294
	<80 μm
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	704.2.3 Capillary Cutoff
[image: ]The drainage composite for capillary cut off shall meet the material requirements as specified below:

	Geotextile properties
	

	Apparent opening size - IS 14294 / EN ISO 12956
	≤0.15mm

	Tensile strength-IS 16635/EN ISO 10319
	≥8 kN/m

	Permittivity - IS 14324/EN ISO 11058
	≥100 l/m².sec

	
	

	Properties of drainage net
	

	Mass per unit area - IS 14716/EN ISO 9864
	≥410 g/m²

	
	

	Impermeable geomembrane
	

	Water proofing extruded film by Polyethylene
	

	
	

	Property of composite material
	

	Wide width tensile strength MD-IS 16635/EN ISO
10319
	
≥13.5 kN/m

	CBR Puncture resistance - IS 16078 / EN ISO 12236
	
≥2.2 kN/m

	Mass per unit area - IS 14716/EN ISO 9864
	≥830 g/m²

	In plane permeability - IS 17179/EN ISO 12958
	

	Hydraulic gradient (i=1) @ 100 kPa
	≥0.3 l/m.s

	@ 200 kPa
	≥0.55 l/m.s

	Thickness of Composite Materials – IS 13162
	≥5mm
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	704.3    Installation
704.3.1  Fin Drains
The installation of fin drains shall be as per drawings.  Where fin drains are assembled on site, the assembly area shall be clean and dry. No geotextile or core material shall be exposed to daylight (or any source of ultraviolet radiation) for a period exceeding 50 hours.  Where fin drains are laid in a trench, the bottom of the trench shall be free of irregularities and shall be brought to the required level.  Rock and other hard protrusions shall be removed and any excess cut in the trench bottom shall be filled and compacted back to the required grade with suitable excavated or imported material as directed by the Engineer. Fin drains shall be capable of being connected longitudinal or laterally into pipe systems or chambers for inflow and outflow purposes.  Joints parallel to the direction of flow and any exposed edge shall be protected from the ingress of soil by a geotextile wrapping with a minimum overlap of 150 mm or other measures as approved by the Engineer. The splicing of lengths of geotextile and minimum overlap shall be as per the drawing or as approved by the Engineer. 
	704.3 Installation

704.3.1 Fin Drains

The installation of fin drains shall be as per drawings. Where fin drains are assembled on site, the assembly area shall be clean and dry. No geotextile or core material shall be exposed to daylight (or any source of ultraviolet radiation) for a period exceeding 50 hours. Where fin drains are laid in a trench, the bottom of the trench shall be free of irregularities and shall be brought to the required level. Rock and other hard protrusions shall be removed and any excess cut in the trench bottom shall be filled and compacted back to the required grade with suitable excavated or imported material as directed by the Engineer. Fin drains shall be capable of being connected longitudinal or laterally into pipe systems or chambers for inflow and outflow purposes. Joints parallel to the direction of flow and any exposed edge shall be protected from the ingress of soil by a geotextile wrapping with a minimum overlap of 150 mm or other measures as approved by the Engineer. The splicing of lengths of geotextile and minimum overlap shall be as per the drawing or as approved by the Engineer.
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	704.3.2  Prefabricated Vertical Drains (PVD) 

The installations for PVD shall be as per relevant Clauses of section 314.
	704.3.2 Prefabricated Vertical Drains (PVD)
The installations for PVD shall be as per relevant Clauses of section 314.
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	704.3.4 Geo-composite Installation for Capillary Cutoff & Behind Reinforced Soil Retaining Walls
[image: ]The installation of geo-composite drain shall be as per drawings. Where geo-composite drains are assembled on site, the assembly area shall be clean and dry. No geotextile or core material shall be exposed to daylight (or any source of ultraviolet radiation) for a period exceeding 50 hours. Rolls of geo-composite drain shall not be dragged on the ground and they must be lifted off the ground before moving them. Geo-composite drains shall be capable of being connected longitudinally or laterally into pipe systems for outflow purpose. Geo-composite shall have 100 mm extra geotextile on side edges for overlap purpose. Joint parallel to the direction of flow and any exposed edge shall be protected from the ingress of soil by wrapping with a minimum overlap of 150mm or other measures.
Care must be taken to ensure that large stones are not allowed to damage the surface of the geotextile filter. In case of use behind bridge abutment or retaining wall, half perforated pipe shall be provided for horizontal drainage at bottom, by wrapping both geo--composite around pipe with suitable adhesive tape at the overlap. For capillary cutoff geo-composite shall conform to IRC 34 as shown Table 700-10:
In normal conditions in order to ensure that no hydrostatic as well as pore water pressure is developed in the Reinforced Soil Structure (RS Structure), adequate drainage measures need to be taken. Geo composite for drainage alongwith with a combination of drainage bay/filter media of minimum 600 mm width (as per below table) shall be provided behind the facing of RS structures for ensuring adequate drainage.
Gradation Requirements for Drainage Bay/Filter Media (IS 2720 Part 4)
	S.
No
	Sieve Opening size, mm
	Percentage Finer

	1
	37.5
	90-100

	2
	20.0
	80-100

	3
	12.5
	0-20



It is not recommended to use Drainage Composite when Pond ash is used as reinforced fill. In case of Pond ash, minimum 600 mm wide drainage bay shall be used.
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	704.4	Measurement for Payment
Measurement for Fin drain shall be in running metre of its length.
Measurement for payment for PVDs shall be as per Clause 314.2.3. 
	704.4 Measurement for Payment
Measurement for Fin drain shall be in running metre of its length. Measurement for geo- composite drain shall be in square meter either used as capillary cutoff or in addition to drainage/filter media behind the retaining walls.
Measurement for payment for PVDs shall be as per Clause 314.2.3.
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			GEOCELL FOR SLOPE PROTECTION
705.1  Scope
The work covers the use of geocells for erosion control of soil slope including supplying and laying as per design, drawings and these specifications.

Geocells filled with local soil or with granular material shall be placed on cut or fill slope to hold top cover soil and allow vegetation to grow. 
	707 GEOCELL FOR SLOPE PROTECTION

705.1 Scope

The work covers the use of geocells for erosion control of soil slope including supplying and laying as per design, drawings and these specifications.
Geocells filled with local soil or with granular material shall be placed on cut or fill slope to hold top cover soil and allow vegetation to grow.
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	705.2  Materials
The geocell is a three dimensional structure consisting of series of cells and resembles a honey combed structure. The geocell shall be made of a suitable polymeric material such as high density polyethylene  stabilised with carbon black. 
	705.2 Materials

The geocell is a three dimensional structure consisting of series of cells and resembles a honey combed structure. The geocell shall be made of a suitable polymeric material such as high- density polyethylene stabilised with carbon black
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	705.2.1.  Strength and Other Requirements of Geocell: 
Geocell shall meet the minimum specifications and properties specified in Table 700-12.
	705.3.1. Strength and Other Requirements of Geocell:
Geocell shall meet the minimum specifications and properties specified in Table 700-12.
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	Table: 700-12:  Requirements of Geocell for Slope Protection
	Property
	Test method
	Unit
	Min. Required Value

	Density
	ASTM D1505
	gm/cm3
	0.900 

	Environmental Stress crack resistance (ESCR)
	ASTM D1693
	Hrs
	3000 

	Carbon Black Content
	
	% by Weight 
	1.5 to 2

	Strip / Cell Wall thickness
	ASTM D5199
	Mm
	1.20 


	Seam Peel-Strength Test
	
	N per 25mm of cell depth.
	350

	Creep Rupture Strength
	ASTM D2990
	
	Creep Rupture Load at 10,000 hours shall be 1 kN minimum obtained from the 95% prediction interval at 10,000 hours considering a logarithmic time/creep rupture model.



The geocells for erosion control measures shall have cells with nominal  opening of 450 cm2 to 1250 cm2 and perforations in the cell wall shall be between 11% to 16%.The cell depth for erosion control  shall vary from 75mm to 100mm . 
For anchoring the cells on steep slopes suitable arrangements shall be made as shown on the drawings.

	Table: 700-12: Requirements of Geocell for Slope Protection

	Property
	Test method
	Unit
	Min.
Required Value

	Density
	IS:13360-Part 3-1
	gm/cm3
	0.900

	Environmental Stress Crack Resistance
(ESCR)
	ASTM D1693
	Hrs
	
3000

	Carbon Black Content
	ASTM D4218
	% by Weight
	1.5 to 2

	Strip / Cell Wall Thickness
	IS : 13162 Part 3
	mm
	1.50

	Seam Peel- Strength Test
	EN ISO 13426-
Method B
	N per 25 mm
of cell depth.
	350

	Creep Rupture Strength
	ASTM D2990
	
	Creep Rupture Load at 10,000 hours shall be 1 kN minimum obtained from the 95% prediction interval at 10,000 hours considering a logarithmic time/creep rupture
model.


Note: For testing if IS Codes are not available, then ASTM or other foreign codes shall be applied.
The geocells for erosion control measures shall have cells with nominal opening of 450 cm2 to 1250 cm2 and perforations in the cell wall shall be between 11% to 16%.The cell depth for erosion control shall vary from 75mm to 100mm .
For anchoring the cells on steep slopes suitable arrangements shall be made as shown on the drawings.
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	705.3 	Installation and Construction Operations
Prior to laying of geocell on the slope, the surface shall be properly prepared, clean and dressed to the specified lines and levels as shown on the drawings. 

Trench keys along the crest and at the bottom of slope area shall be dug to fix the cellular system in the ground.

Cellular section shall be  expanded to the predesigned shape and size, and placed over prepared slope. Geocell sections shall be fastened together using accessories as per manufacturer's installation guide and the drawings.

After cellular sections are secured to the slope, the cells shall be filled with the specified materials ensuring that no damage is caused to the cells. Filling of cells shall be done from the toe of slope to crest of slope.
 
The fill shall be overfilled between 25 mm to 50 mm and material shall be suitably tamped to leave soil flush with top edge of cell walls.

Once the soil filling is completed, turfing/ seeding shall be done as recommended.
	705.4 Installation and Construction Operations
Prior to laying of geocell on the slope, the surface shall be properly prepared, clean and dressed to the specified lines and levels as shown on the drawings.

[image: ]Trench keys along the crest and at the bottom of slope area shall be dug to fix the cellular system in the ground.

Cellular section shall be expanded to the predesigned shape and size, and placed over prepared slope. Geocell sections shall be fastened together using accessories as per manufacturer's installation guide and the drawings.

After cellular sections are secured to the slope, the cells shall be filled with the specified materials ensuring that no damage is caused to the cells. Filling of cells shall be done from the toe of slope to crest of slope.

The fill shall be overfilled between 25mm to 50mm and material shall be suitably tamped to leave soil flush with top edge of cell walls. In case the soil is not fertile, it shall be mixed with suitable amount of fertilizer or seeds.

Once the soil filling is completed, turfing/ seeding shall be done as recommended. In the absence of rain, blankets shall be regularly watered for viable growth till vegetation sustains on its own.
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	705.4 Measurement for Payment
The geocell protection work shall be measured as finished work  in square meters as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope. It shall also include the fixing and anchoring  of cells in the ground with accessories as per manufacturer's recommendation or as specified in the design and drawings. 

The above also includes turfing, seeding and all other incidental items to cover the work of vegetation on slopes, unless otherwise specified in the contract. The quantities of cellular system for erosion control as shown on the drawings may be increased or decreased at the direction of the Engineer based on construction procedure and actual site conditions that occur during construction of the project. Such variations in quantity will not be considered as alterations in the details of construction or a change in the character of the work.
	705.6 Measurement for Payment
The geocell protection work shall be measured as finished work in square meters as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope. It shall also include the fixing and anchoring of cells in the ground with accessories as per manufacturer's recommendation or as specified in the design and drawings.
The above also includes turfing, seeding and all other incidental items to cover the work of vegetation on slopes, unless otherwise specified in the contract. The quantities of cellular system for erosion control as shown on the drawings shall be increased or decreased at the direction of the Engineer based on construction procedure and actual site conditions that occur during construction of the project. Such variations in quantity will not be considered as alterations in the details of construction or a change in the character of the work.
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	705.5 Rate
The contract unit rate for goecell protection system shall payment in full be in full for furnishing and installing the specified materials in accordance with the contract documents including fixing and anchoring of cells in the ground as per manufacturer's recommendations, filling of cells with specified materials, seeding and all other incidentals including all other items to complete the work as per these specifications.
	705.8 Rate
The contract unit rate for goecell protection system shall payment in full be in full for furnishing and installing the specified materials in accordance with the contract documents including fixing and anchoring of cells in the ground as per manufacturer's recommendations, filling of cells with specified materials, seeding and all other incidentals including all other items to complete the work as per these specifications.
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	706	GEOSYNTHETIC MAT 
706.1   Scope
The work covers the use of geosynthetic mats for control of erosion of slopes including supplying and laying the mat, spreading soil and seeding to promote the design of vegetation, as per design, drawing and these specifications.
	709 GEOSYNTHETIC MAT

706.1 [image: ]Scope
The work covers the use of geosynthetic mats for control of erosion of slopes including supplying and laying the mat, spreading soil and seeding to promote the design of vegetation, as per design, drawing and these specifications
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	706.2	Material and Strength Requirements
Geosynthetic mat shall be a three-dimensional structure consisting of UV stabilized non-degradable polypropylene, polyethylene, nylon or similar polymer fibres that are extruded or heat bonded at the contact points to provide a dimensionally stable matrix for soil erosion protection. A tension element, i.e., a reinforcing element like geogrid or steel wire mesh shall be included along with the three dimensional polymeric mats to provide strength against erosive forces, if specified in the contract.

The tensile strength requirements for non reinforced and reinforced three dimension geosynthetics mat shall meet the minimum requirement as specified in Table700-13 and Table 700-14 respectively.
	706.2 Material and Strength Requirements

Geosynthetic mat shall be a three-dimensional structure consisting of UV stabilized non- degradable polypropylene, polyethylene, nylon or similar polymer fibres that are extruded or heat bonded at the contact points to provide a dimensionally stable matrix for soil erosion protection. A tension element, i.e., a reinforcing element like geogrid or steel wire mesh shall be included along with the three dimensional polymeric mats to provide strength against erosive forces, if specified in the contract.

The tensile strength requirements for non-reinforced and reinforced three dimension geosynthetics mat shall meet the minimum requirement as specified in Table700-13 and Table 700-14 respectively.
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	Table 700-13: Tensile Strength Requirement for Normal (Non-Reinforced) Three Dimensional Geosynthetic Mat for Erosion Control Application (Less Severe Environmental Condition)

	Property
	Test method
	Units
	Minimum average Roll value

	Tensile strength requirement (For slopes less than 60°)
	ASTM D5035
	kN/m
	2

	Ultraviolet stability at 500h, Retained strength percentage with respect to original strength
	ASTM D4355
	%
	80

	Thickness
	ASTM D 6525
	mm
	6.5

	Mass per unit area
	ASTM D 3776
	gm/m2
	250



	Table 700-13: Tensile Strength Requirement for Normal (Non-Reinforced) Three Dimensional Geosynthetic Mat for Erosion Control Application (Less Severe Environmental Condition)
	Property
	Test method
	Units
	Minimum average Roll value

	Tensile strength requirement (For slopes less than 60°)
	ISO 10319
	kN/m
	1

	Ultraviolet stability at 500h, Retained strength percentage with respect to original strength
	IS	13162
Part-2
	%
	80

	Thickness
	ISO	9863
Part 1
	mm
	6.5

	Mass per unit area
	ISO 9864
	gm/m2
	250



	

	58
	Table 700-14: Tensile strength Requirement for Reinforced Three Dimensional Geosynthetic Mat for Erosion Control Application (Severe Environmental Conditions)
	Property
	Test method
	Units
	Minimum average Roll value

	Tensile strength requirement 
	For Slopes up to 60°
	ASTM D5035
	kN/m
	10

	
	For Slopes up to 80°
	
	
	35

	Ultraviolet stability at 500h, Retained strength percentage with respect to original strength
	ASTM D4355
	%
	80

	Thickness
	ASTM D 6525
	mm
	12

	Mass per unit area of the composite
	ASTM D 3776
	gm/m2
	500




	Table 700-14: Tensile strength Requirement for Reinforced Three Dimensional Geosynthetic Mat for Erosion Control Application (Severe Environmental Conditions)

	Property
	Test method
	Units
	Minimum average Roll value

	Tensile strength requirement
	For	Slopes up to 60°
	ISO 10319
	
kN/m
	10

	Ultraviolet stability at 500h, Retained	strength percentage with respect to original strength
	IS	13162
Part-2
	%
	80

	Thickness
	ISO 9863-1
	mm
	12

	Mass per unit area of the composite
	ISO 9864
	gm/m2
	500
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	706.3 	Installation
Prior to laying of geosynthetics mat on the slope, the surface shall be properly prepared, cleaned and dressed to the specified lines and levels as shown on the drawings. Specified trench keys along the crest and at the bottom of slope area shall be provided to fix the geosynthetics mat in the ground. In case the soil is not fertile, it shall be mixed with suitable amount of fertilizer or seeds.

The work of laying the mat shall begin at the top of the slope providing anchor blankets in a 300mm deep and 300mm wide  trench and anchoring with staples/pins.  The mat shall then be unrolled down the slope in the machine direction. The blanket shall not be stretched but shall have full contact with the soil. The blanket shall be anchored using staples or stakes.

Edges of adjacent parallel rolls shall be overlapped by approximately 100mm  to 120mm and anchored with staples at 600mm to 800mm  spacing depending on the slope. When blankets have to be spliced, the upper blanket end shall be placed over lower blanket end (shingle style) with 300mm overlap and anchoring with two staggered rows of staples at 300mm spacing.

A minimum cover of soil shall be spread followed by spreading the seeds and fertiliser.

In the absence of rain, blankets shall be regularly watered for viable growth till vegetation sustains on its own.

If any damage due to heavy downpour is noticed, suitable corrective measures shall be taken immediately.

Gully formations, if any, shall be suitably corrected depending upon the site condition.

The treated area shall be protected from the movement of cattle (goat, sheep & cow). Grazing     shall be avoided till the vegetation sustains on its own
	706.4 Installation
Prior to laying of geosynthetics mat on the slope, the surface shall be properly prepared, cleaned and dressed to the specified lines and levels as shown on the drawings. Specified trench keys along the crest and at the bottom of slope area shall be provided to fix the geosynthetics mat in the ground. In case the soil is not fertile, it shall be mixed with suitable amount of fertilizer or seeds.
The work of laying the mat shall begin at the top of the slope providing anchor blankets in a 300mm deep and 300mm wide trench and anchoring with staples/pins. The mat shall then be unrolled down the slope in the machine direction. The blanket shall not be stretched but shall have full contact with the soil. The blanket shall be anchored using staples or stakes.
Edges of adjacent parallel rolls shall be overlapped by approximately 100mm to 120mm and anchored with staples at 600mm to 800mm spacing depending on the slope. When blankets have to be spliced, the upper blanket end shall be placed over lower blanket end (shingle style) with 300mm overlap and anchoring with two staggered rows of staples at 300mm spacing.
A minimum cover of soil shall be spread followed by spreading the seeds and fertiliser.
In the absence of rain, blankets shall be regularly watered for viable growth till vegetation sustains on its own.
If any damage due to heavy downpour is noticed, suitable corrective measures shall be taken immediately.
Gully formations, if any, shall be suitably corrected depending upon the site condition.
The treated area shall be protected from the movement of cattle (goat, sheep & cow). Grazing shall be avoided till the vegetation sustains on its own.
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	706.4	Measurement for Payment
The geosynthetic mat shall be measured in square metre as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope.
	706.6 Measurement for Payment

The geosynthetic mat shall be measured in square metre as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope.
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	706.5	Rate
The contract unit rate for geosynthetic mat for erosion control shall be in full compensation for furnishing and installing the specified materials and growth of vegetative cover in accordance with the contract documents including site preparation, and for furnishing all labour, tools, equipment and incidentals to complete the work as per these Specifications.
	706.8 Rate

The contract unit rate for geosynthetic mat for erosion control shall be in full compensation for furnishing and installing the specified materials and growth of vegetative cover in accordance with the contract documents including site preparation, and for furnishing all labour, tools, equipment and incidentals to complete the work as per these Specifications.
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	707	NATURAL GEOTEXTILE
707.1 	Scope
The work covers the use of natural geotextiles for control of erosion of slopes including supplying and laying the mat spreading soil and seeding to promote the growth of vegetation, as per design, drawing and these specifications.

Natural Geotextile shall be used to control surface erosion of top cover soil on cut or fill slopes and to facilitate vegetation to grow.
	711 NATURAL GEOTEXTILE
707.1 Scope
The work covers the use of natural geotextiles for control of erosion of slopes including supplying and laying the mat spreading soil and seeding to promote the growth of vegetation, as per design, drawing and these specifications.
Natural Geotextile shall be used to control surface erosion of top cover soil on cut or fill slopes and to facilitate vegetation to grow.
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	707.2	Strength Requirements: 
The natural fibre geotextiles made of Jute shall meet the minimum requirement as stated in IS 14715- Woven Jute Geotextiles – Specification. However, for coir fibre geotextile, it shall meet the requirements as specified in Table 700-15, when used for erosion control measures.
	707.2 Strength Requirements
The natural fibre geotextiles made of Jute shall meet the minimum requirement as stated in IS 14715- Woven Jute Geotextiles – Specification. However, for coir fibre geotextile, it shall meet the requirements as specified in Table 700-15 and IRC:SP:129, IRC:SP:126, IS15872: Application of Coir Geotextiles (Coir Woven Bhoovastra) for Rain Water Erosion Control in Roads, Railway Embankments and Hill Slopes – Guidelines and IS:15869: Textiles - Open Weave Coir Bhoovastra – Specification.
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	Table 700-15: Typical specifications of Natural Geotextile (MARV*) using Coir
[image: ]
  * Minimum average roll value

	[image: ]
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	707.3.	Installation:
Prior to laying of natural geotextiles on the slope, the surface shall be properly prepared, cleaned and dressed to the specified lines and levels as shown on the drawings. Specified trench keys along the crest and at the bottom of slope area shall be provided to fix the natural geotextile in the ground. In case the soil is not fertile, it shall be mixed with suitable amount of fertilizer or seeds.

The work of laying the mat shall begin at the top of the slope providing anchor blankets in a 300mm deep and 300mm wide  trench and anchoring with staples/pins. The mat shall then be unrolled down slope in the machine direction. The blanket shall not be stretched but shall have full contact with the soil. The blanket shall be anchored using staples or stakes. Edges of adjacent parallel rolls shall be overlapped by approximately 100-120mm and anchored with staples at 600-800mm  spacing depending on the slope. When blankets have to be spliced, the upper blanket end shall be placed over lower blanket end (shingle style) with 300mm overlap and anchoring with two staggered rows of staples at 300mm spacing.

A minimum cover of soil shall be spread followed by spreading the seeds and fertilizer. A slow release supplementary fertilizer may be applied to speed up the growth of the vegetation.

In the absence of rain, blankets shall be regularly watered for viable growth till vegetation sustains on its own.

If any damage due to heavy downpour is noticed, suitable corrective measures shall be taken immediately.

Gully formations, if any, shall be suitably corrected depending upon the site conditions.

The treated area shall be protected from the movement of cattle (goat, sheep & cow). Grazing shall be avoided till the vegetation sustains on its own.707.4	Measurement for Payment

The natural geotextile shall be measured in square metres as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope. 
	707.3.	Installation
Prior to laying of natural geotextiles on the slope, the surface shall be properly prepared, cleaned and dressed to the specified lines and levels as shown on the drawings. Specified trench keys along the crest and at the bottom of slope area shall be provided to fix the natural geotextile in the ground. In case the soil is not fertile, it shall be mixed with suitable amount of fertilizer or seeds.

[image: ]The work of laying the mat shall begin at the top of the slope providing anchor blankets in a 300mm deep and 300mm wide trench and anchoring with staples/pins. The mat shall then be unrolled down slope in the machine direction. The blanket shall not be stretched but shall have full contact with the soil. The blanket shall be anchored using staples or stakes. Edges of adjacent parallel rolls shall be overlapped by approximately 100-120mm and anchored with staples at 600-800mm spacing depending on the slope. When blankets have to be spliced, the upper blanket end shall be placed over lower blanket end (shingle style) with 300mm overlap and anchoring with two staggered rows of staples at 300mm spacing.

A minimum cover of soil shall be spread followed by spreading the seeds and fertilizer. A slow release supplementary fertilizer shall be applied to speed up the growth of the vegetation.

In the absence of rain, blankets shall be regularly watered for viable growth till vegetation sustains on its own.


If any damage due to heavy downpour is noticed, suitable corrective measures shall be taken immediately.

Gully formations, if any, shall be suitably corrected depending upon the site conditions.

The treated area shall be protected from the movement of cattle (goat, sheep & cow). Grazing shall be avoided till the vegetation sustains on its own.707.4 Measurement for Payment

The natural geotextile shall be measured in square metres as per planned dimensions with no allowance for overlapping at joints, anchoring at toe and crest of the slope.
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	707.5	Rate
The contract unit rate for natural geotextile mat for erosion control shall be in full compensation for furnishing and installing the specified materials and growth of vegetative cover in accordance with the contract documents including site preparation, and for furnishing all labour, tools, equipment and incidentals to complete the work as per these Specifications.
	707.5	Rate
The contract unit rate for natural geotextile mat for erosion control shall be in full compensation for furnishing and installing the specified materials and growth of vegetative cover in accordance with the contract documents including site preparation, and for furnishing all labour, tools, equipment and incidentals to complete the work as per these Specifications.
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	708	PAVING FABRICS/GLASSGRIDS 

708.1	Scope
This work shall consist of laying geosynthetic materials either non-woven paving fabric or fibre glass coated grid over existing bituminous surface, including preparation of surface and joining, stitching or overlapping of geosynthetic fabric etc., as part of highway pavement strengthening in layers as shown on drawings or as directed by the Engineer.
	713 PAVING FABRICS, GLASS-FIBREGRIDS AND ASPHALT REINFORCEMENT GEOGRID/ FIBRE COMPOSITE
708.1 Scope
This work shall consist of laying geosynthetic (a common name for all above materials) materials either non-woven paving fabric or fibre glass coated grid over existing bituminous surface, including preparation of surface and joining, stitching or overlapping of geosynthetic fabric etc., as part of highway pavement strengthening in layers as shown on drawings or as directed by the Engineer.
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	708.2	Material  Requirements
708.2.1	Paving Fabrics
The paving fabric will be a non-woven heat set material consisting of at least 85 per cent by weight of polyolefins, polyesters or polyamides.  The paving fabric shall be resistant to chemical attack, rot and mildew and shall have no tears or defects which will adversely alter its physical properties.  The fabric shall be specifically designed for pavement applications and be heat bonded only on one side to reduce bleed-through of tack coat during installation. The fabric shall meet the physical requirements given in Table: 700-16.  
	708.2 Material Requirements
708.2.1 Paving Fabrics
The paving fabric shall be specifically designed for asphalt pavement applications and be non- woven, heat bonded on one side. The fabric shall meet the physical requirements given in Table: 700-16. These specifications are applicable to the use of paving fabric, saturated with bitumen, between two bituminous pavement layers. The function of the paving fabric is to act as a water barrier and stress relieving membrane within the pavement structure.
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	Table: 700-16. Physical requirements for Paving Fabrics (Minimum Average Roll Value)
	Property
	Units
	Standard Requirements
	Test Method

	Grab Tensile Strength
	N
	450
	ASTM D 4632

	Elongation
	%
	>50
	ASTM D 4632

	Mass per unit area
	gm/m2
	140
	ASTM D 3776

	Asphalt Retention
	Kg/10sq.m
	10*
	ASTM D6140

	Melting Point
	°C
	150
	ASTM D 276

	Surface Texture
	-
	Heat bonded on One side only
	Visual Inspection


Notes;		*the product asphalt retention property must meet MARV provided by the manufacturer.

	Table: 700-16. Physical requirements for Paving Fabrics (Minimum Average Roll Value)

	Property
	Units
	Standard Requirements
	Test Method

	Grab Tensile Strength
	N
	450
	IS 16342

	Elongation
	%
	>50
	IS 16342

	Mass per unit area
	gm/m2
	140
	IS:14716/ISO 9864

	Asphalt Retention
	Kg/10sq.m
	10*
	ASTM D6140

	Melting Point
	°C
	160
	

	Surface Texture
	-
	Heat bonded on One side only
	Visual Inspection



Notes: *the product asphalt retention property must meet MARV provided by the manufacturer.
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	708.2.2 Glass Grids These will be either a composite glass fibre reinforced geogrid with continuous filament non-woven Geotextile chemically or mechanically bonded to the grid; or bituminous coated glass fiber geogrid with or without adhesive on one side of the grid. The physical and mechanical properties of glass grid fabric shall conform to the requirements given in table 700-17. 
	708.2.2 Glass Fibre Grids These will be either a composite glass fibre reinforced geogrid with continuous filament non-woven Geotextile chemically or mechanically bonded to the grid; or bituminous coated glass fiber geogrid with or without adhesive on one side of the grid. The physical and mechanical properties of glass grid fabric shall conform to the requirements given in table 700-17.
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	Table:  700-17: Properties of Glass-Fibre Grids
	Property
	Units
	Requirement

	
	
	Tensile Strength in both median and cross-machine direction

	Tensile Strength
	kN/m
	ASTM D6637
	50
	1000
	200

	% Elongation at break
	%
	
	> 4
	> 4
	> 4

	Minimum Mesh Size
	mm
	
	25 x 25
	12.5 x 12.5
	12.5 x 12.5

	Melting Point
	oC

	ASTM D 276
	> 250
	> 250
	> 250



	[image: ]Table: 700-17: Properties of Glass-Fibre Grids

	Property
	Units
	Requirement

	
	
	Tensile Strength in both Machine and cross-machine direction

	Tensile Strength
	kN/m
	ISO 10319
	50
	100
	200

	% Elongation at break
	%
	
	≤4
	≤4
	≤4

	Minimum Mesh Size
	mm
	
	25 x
25
	12.5 x
12.5
	12.5 x
12.5

	Melting Point
	oC
	
	> 250
	> 250
	> 250
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	708.2.3	Asphalt Reinforcing Geogrids
These shall be made of high modulus polyester yarns with low creep properties. The grid shall be connected to low weight non-woven polypropylene fabric. The composite shall have a bitumen finish. The properties shall conform to the requirements given in Table 700-18.

	708.2.4 Asphalt Reinforcing Geogrids/Fibre Composite
These shall be made of high modulus polyester yarns with low creep properties. The grid shall be connected to low weight non-woven polypropylene fabric. The composite shall have a bitumen finish. The properties shall conform to the requirements given in Table 700-18.

	708.2.5 

	73
	Table:  700-18: Properties of Asphalt Reinforcement Geogrids
	Property
	Units
	Test Method
	Requirement

	
	
	
	Tensile strength in both MD and CD, Not less than

	Tensile strength
	kN/m
	ISO 10319
	25
	50
	100

	% Elongation at break
	%
	ISO 10319
	12.5%
	12.5%
	12.5%

	Mesh Size
	
	
	35 x 35
20 x 20
	35 x 35
20 x 20
	35 x 35
20 x 20

	Melting Point
	oC
	
	> 190
	> 190
	> 190



	Table: 700-18: Properties of Asphalt Reinforcement Geogrids/ Fibre composite

	Property
	Units
	Test Method
	Requirement

	
	
	
	Tensile strength in both MD and CD, Not less than

	Tensile strength
	kN/m
	ISO 10319
	25
	50
	100

	% Elongation at break
	%
	ISO 10319
	≤4
	≤4
	≤4

	Mesh Size
	mm
	
	15x15
	15x15
	15x15

	Melting Point
	oC
	
	>160
	>160
	>160
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	708.3	Installation
708.3.1	Weather Limitations
The air and pavement temperatures shall be at least 10 °C for placement of hot bitumen and at least 16 °C for placement of asphalt emulsion. The asphalt tack coat or Glass grid shall not be placed when weather conditions are not suitable. 
	708.3 Installation

708.3.1 Weather Limitations

The air and pavement temperatures shall be at least 10 °C for placement of hot bitumen and at least 16 °C for placement of asphalt emulsion. The asphalt tack coat or Glass grid shall not be placed when weather conditions are not suitable. Composition of Geogrid being adopted is:
typically made from polymer materials like polypropylene, polyethylene, polyester, or polyvinyl alcohol. For Installation Procedure shall be as per manufacture instruction conforming to IRC:37/IRC:82.
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	708.3.2	Surface Preparation
The pavement surface shall be dry and cleaned of all dirt and oil to the satisfaction of the Engineer. Cracks wider than 3 mm shall be cleaned and filled with suitable bituminous material approved by the Engineer. Potholes and locally failed and cracked pavement sections shall be repaired as directed by the Engineer. If the existing pavement is rough or has been milled, a levelling course shall be provided prior to installation of the Glass grid. 
	708.3.2  Surface Preparation
[image: ]The pavement surface shall be dry and cleaned of all dirt and oil to the satisfaction of the Engineer. Cracks wider than 3 mm shall be cleaned and filled with suitable bituminous material approved by the Engineer. Potholes and locally failed and cracked pavement sections shall be repaired as directed by the Engineer. If the existing pavement is rough or has been milled, a levelling course shall be provided prior to installation of the Glass grid.
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	708.3.3	Tack Coat
The tack coat used to impregnate the fabric and bond the fabric to the pavement shall be paving grade Bitumen of VG-10. Glass fiber grids with adhesive on one side may not require a tack coat.

The tack coat shall be applied using a calibrated distributor spray bar. Hand spraying, squeegee and brush application may be used only in locations where the distributor truck cannot reach. The tack coat shall be uniformly applied at a rate to bond the nonwoven scrim to the existing pavement surface. The tack coat application rate shall be 1 Kg per square metre or as specified in the contract. When using emulsions, the application rate must be increased as directed by the Engineer to take into account the water content in the emulsion. The temperature of the tack coat shall be sufficiently high to permit a uniform spray. Bitumen shall be sprayed at temperatures between 143°C and 163°C. For emulsions, the distributor tank temperatures shall be maintained between 55 °C and 71 °C. The target width of the tack coat application shall be equal to the Glass grid width plus 100 - 150 mm. The tack coat shall be applied only as far in advance of Glass grid installation as is appropriate to ensure a tacky surface at the time of Glass grid placement. Traffic shall not be allowed on the tack coat. Excess tack coat shall be cleaned from the pavement. 
	708.3.4   Tack Coat
The tack coat used to impregnate the fabric and bond the fabric to the pavement shall be paving grade Bitumen of VG-10. Glass fiber grids with adhesive on one side shall not require a tack coat.
The tack coat shall be applied using a calibrated distributor spray bar. Hand spraying, squeegee and brush application shall be used only in locations where the distributor truck cannot reach. The tack coat shall be uniformly applied at a rate to bond the nonwoven scrim to the existing pavement surface. The tack coat application rate shall be 1 Kg per square metre or as specified in the contract. When using emulsions, the application rate must be increased as directed by the Engineer to take into account the water content in the emulsion. The temperature of the tack coat shall be sufficiently high to permit a uniform spray. Bitumen shall be sprayed at temperatures between 143°C and 163°C. For emulsions, the distributor tank temperatures shall be maintained between 55 °C and 71 °C. The target width of the tack coat application shall be equal to the Glass grid width plus 100 - 150 mm. The tack coat shall be applied only as far in advance of Glass grid installation as is appropriate to ensure a tacky surface at the time of Glass grid placement. Traffic shall not be allowed on the tack coat. Excess tack coat shall be cleaned from the pavement.
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	708.3.4 Paving Fabric Placement: 
The paving fabric shall be placed onto the tack coat using mechanical or manual lay down equipment capable of providing a smooth installation with a minimum amount of wrinkling or folding.  The paving fabric shall be placed before to the tack coat cools and loses tackiness.  After laying the paving fabric, some loose bituminous premix material shall be sprinkled on it in the wheel path of the paver and the tipper to ensure that the fabric is not picked up between the wheels. Paving fabric shall not be installed in areas where the bituminous overlay  tapers to a thickness of less than 40 mm.  Excess paving fabric which extends beyond the edge of existing pavement or areas of tack coat application shall be trimmed and removed.  When bitumen emulsions are used, the emulsion shall be allowed to cure properly such that no water/moisture remains prior to placing the paving fabric.  Wrinkles or folds in excess of 25 mm shall be single-lapped in the direction of the paving operation.  Brooming and/or pneumatic rolling will be required to maximize paving fabric contact with the pavement surface. Additional hand-placed tack coat may be required at laps and repairs as determined by the Engineer to satisfy bitumen retention of the lapped paving fabric.  All areas where paving fabrics have been placed shall be paved the same day.  No traffic except necessary construction equipment will be allowed to drive on the paving fabric. Turning of the paver and other vehicles shall be done gradually and kept to a minimum to avoid movement and damage to the paving fabric. Abrupt starts and stops shall also be avoided.  Damaged fabric shall be removed and replaced with the same type of fabric.  Overlaps shall be shingle-lapped in the direction of paving. Additional tack coat shall be placed between the overlap to satisfy saturation requirements of the fabric. Overlap shall be sufficient to ensure full closure of the joint but not exceed 150mm. Transverse joints shall be overlapped in the direction of the pavement by 100 to 150 mm or as per the manufacturer’s recommendations or as directed by the Engineer. Longitudinal joints shall be overlapped by 20-30 mm or as per the manufacturer’s recommendations or as directed by the engineer. The overlay operations shall be completed at the earliest after laying the fabric.
	708.3.6 Paving Fabric Placement:

The paving fabric shall be placed onto the tack coat using mechanical or manual lay down equipment capable of providing a smooth installation with a minimum amount of wrinkling or folding. The paving fabric shall be placed before to the tack coat cools and loses tackiness. After laying the paving fabric, some loose bituminous premix material shall be sprinkled on it in the wheel path of the paver and the tipper to ensure that the fabric is not picked up between the wheels. Paving fabric shall not be installed in areas where the bituminous overlay tapers to a thickness of less than 40 mm. Excess paving fabric which extends beyond the edge of existing pavement or areas of tack coat application shall be trimmed and removed. When bitumen emulsions are used, the emulsion shall be allowed to cure properly such that no water/moisture remains prior to placing the paving fabric. Wrinkles or folds in excess of 25 mm shall be single- lapped in the direction of the paving operation.  Brooming and/or pneumatic rolling will be [image: ]required to maximize paving fabric contact with the pavement surface. Additional hand-placed tack coat shall be required at laps and repairs as determined by the Engineer to satisfy bitumen retention of the lapped paving fabric. All areas where paving fabrics have been placed shall be paved the same day. No traffic except necessary construction equipment will be allowed to drive on the paving fabric. Turning of the paver and other vehicles shall be done gradually and kept to a minimum to avoid movement and damage to the paving fabric. Abrupt starts and stops shall also be avoided. Damaged fabric shall be removed and replaced with the same type of fabric. Overlaps shall be shingle-lapped in the direction of paving. Additional tack coat shall be placed between the overlap to satisfy saturation requirements of the fabric. Overlap shall be sufficient to ensure full closure of the joint but not exceed 150mm. Transverse joints shall be overlapped in the direction of the pavement by 100 to 150 mm or as per the manufacturer’s recommendations or as directed by the Engineer. Longitudinal joints shall be overlapped by 20 - 30 mm or as per the manufacturer’s recommendations or as directed by the engineer. The overlay operations shall be completed at the earliest after laying the fabric.
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	708.3.5 Glass Grid Placement
The glass grid shall be placed on the surface provided by the tack coat using mechanical or manual lay down equipment capable of providing a smooth installation with a minimum amount of wrinkling or folding. On curves, the Glass grid must be cut and realigned to match the curvature. 

Glass grid shall not be installed in areas where the bituminous overlay tapers to a compacted thickness of less than 40 mm. When emulsions are used, the emulsion shall be allowed to cure properly such that no water/moisture remains prior to placing the glass grid. Wrinkles severe enough to cause folds shall be slit and laid flat. Brooming and/or rubber-tire rolling will be required to maximize glass grid contact with the pavement surface. Additional hand-placed tack coat may be required at overlaps and repairs as required by the Engineer. Turning and braking of the paver and other vehicles shall be done gradually and kept to a minimum to avoid movement and damage to the glass grid. Damaged composite shall be removed and replaced with the same type of composite and a tack coat. 

All areas where glass grid has been placed shall be paved the same day. No traffic except necessary construction traffic shall be allowed to drive on the glass grid. 

Overlaps shall be shingle - lapped in the direction of paving. Additional tack coat shall be placed between the overlap to satisfy saturation requirements of the fabric. Overlap shall be sufficient to ensure full closure of the joint but not exceeding  150mm. 
	708.3.8   Glass Grid Placement

The glass grid shall be placed on the surface provided by the tack coat using mechanical or manual lay down equipment capable of providing a smooth installation with a minimum amount of wrinkling or folding. On curves, the Glass grid must be cut and realigned to match the curvature.

Glass grid shall not be installed in areas where the bituminous overlay tapers to a compacted thickness of less than 40 mm. When emulsions are used, the emulsion shall be allowed to cure properly such that no water/moisture remains prior to placing the glass grid. Wrinkles severe enough to cause folds shall be slit and laid flat. Brooming and/or rubber-tire rolling will be required to maximize glass grid contact with the pavement surface. Additional hand-placed tack coat shall be required at overlaps and repairs as required by the Engineer. Turning and braking of the paver and other vehicles shall be done gradually and kept to a minimum to avoid movement and damage to the glass grid. Damaged composite shall be removed and replaced with the same type of composite and a tack coat.

All areas where glass grid has been placed shall be paved the same day. No traffic except necessary construction traffic shall be allowed to drive on the glass grid.

Overlaps shall be shingle - lapped in the direction of paving. Additional tack coat shall be placed between the overlap to satisfy saturation requirements of the fabric. Overlap shall be sufficient to ensure full closure of the joint but not less than 150 mm.
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	708.3.6	 Overlay Placement
Bituminous overlay construction shall closely follow the placement of paving fabric or glass-grid. Excess tack coat that bleeds through the paving fabric or glass grid shall be removed by broadcasting hot mix or sand on the glass grid. Excess sand or hot mix shall be removed before beginning the paving operation. In the event of rainfall prior to the placement of the asphalt overlay, the fabric must be allowed to dry completely before the overlay is placed. Overlay asphalt thickness shall meet the requirements of the contract drawings and documents. The minimum compacted thickness of the first lift of overlay asphalt concrete shall not be less than 40 mm. 
	708.3.10 Overlay Placement
Bituminous overlay construction shall closely follow the placement of paving fabric or glass-grid. Excess tack coat that bleeds through the paving fabric or glass grid shall be removed by broadcasting hot mix or sand on the glass grid. Excess sand or hot mix shall be removed before beginning the paving operation. In the event of rainfall prior to the placement of the asphalt overlay, the fabric must be allowed to dry completely before the overlay is placed. Overlay asphalt thickness shall meet the requirements of the contract drawings and documents. The minimum compacted thickness of the first lift of overlay asphalt concrete shall not be less than 40 mm.

	708.3.11 

	81
	708.4 	 Measurement
The paving fabric/ glass fibre geogrid shall be measured in sq. metres of paved area covered by the fabric/ glass fibre geogrid.
	708.4 Measurement

[image: ]The paving fabric/ glass fibre geogrid shall be measured in sq. metres of paved area covered by the fabric/ glass fibre geogrid.
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	708.5	 Rate
The contract unit rate shall be for the accepted quantities of paving fabric.  The rate shall be full compensation for the work performed and furnishing, preparing, hauling and placing materials including all labour, material, freight, tools, equipment and incidentals to complete the work as per contract.
	708.6 Rate

The contract unit rate shall be for the accepted quantities of paving fabric. The rate shall be full compensation for the work performed and furnishing, preparing, hauling and placing materials including all labour, material, freight, tools, equipment and incidentals to complete the work as per contract.
	708.7 
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Table 700-15: Typical specifications of Natural Geotextile (MARV") using Coir

Tensile T Water
Type of Brice | Weight | Width | Thickness |  Strength E':;'E:::" Holding Eg.%gmfxm
VP (gsm) | (cm) | (mm) (KN/m) break | Capacity | (0w

™D | cD 8 [}
OpenMesh 300 | 120 4 5 | 25 2 B ,
fabric
poe 450 | 150 4 75 | 25 20 80 75

* Minimum average roll value |
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