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1. INTRODUCTION 

The Indian subcontinent is vulnerable to wind storms spawned in the Bay of 
Bengal and the Arabian Sea, earthquakes caused by active crustal movement in the 
Himalayan mountains, floods brought by monsoons, and droughts in the country's arid 
and semi-arid areas. Almost 57% of the land is vulnerable to earthquake (high seismic 
zones III-V), 68% to drought, 8% to cyclones and 12% to floods.  

About 30 million people are affected annually by floods. Floods in the Indo–
Gangetic–Brahmaputra plains are an annual feature. On an average, a few hundred lives 
are lost, millions are rendered homeless and several hectares of crops are damaged 
every year. Nearly 75% of the total rainfall occurs over a short monsoon season (June – 
September). 40 million hectares, or 12% of Indian land, is considered prone to floods. 
Floods are a perennial phenomenon in at least 5 states - Assam, Bihar, Orissa, Uttar 
Pradesh and West Bengal. On account of climate change, floods have also occurred in 
recent years in areas that are normally not flood prone. Main causes of flood are: High 
Flows, Inundation, Drainage congestion, Bank erosion, etc. 

 

 

 

INDIA-WARIS BASIN 

http://en.wikipedia.org/wiki/Climate_change
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The entire country has been divided into 25 basins .The names of the basins along with 
their id and area are given in the table. 

Sl. No 
Basin 

Code 
Basin Name Area(sq.km) 

1 1 Indus (Up to border) Basin 453931.87 

2 2a Ganga Basin 808334.44 

3 2b Brahmaputra Basin  186421.6 

4 2c Barak and others Basin 45622.41 

5 3 Godavari Basin 302063.93 

6 4 Krishna Basin 254743.31 

7 5 Cauvery Basin  85624.44 

8 6 Subarnarekha Basin 25792.16 

9 7 Brahmani and Baitarni Basin 51893.68 

10 8 Mahanadi Basin 139659.15 

11 9 Pennar Basin 54243.43 

12 10 Mahi Basin 38336.8 

13 11 Sabarmati Basin  30678.59 

14 12 Narmada Basin 92670.51 

15 13 Tapi Basin 63922.91 

16 14 West flowing rivers South of Tapi Basin  111643.87 

17 15 East flowing rivers between Mahanadi and Godavari Basin  46243.06 

18 16 East flowing rivers between Godavari and Krishna Basin  10345.16 

19 17 East flowing rivers between Krishna and Pennar Basin  23335.82 

20 18 East flowing rivers between Pennar and Cauvery Basin  63646.21 

21 19 East flowing rivers South of Cauvery Basin  38646.11 

22 20 West flowing rivers of Kutch and Saurashtra including Luni 
Basin 

184441.06 

23 21 Minor rivers draining into Bangladesh Basin  5453.23 

24 22 Minor rivers draining into Myanmar Basin 24731.08 

25 23 Area of North Ladakh not draining into Indus Basin  29238.78 

26 24 Drainage Area of Andaman and Nicobar Islands Basin  6918.2 

27 25 Drainage Area of Lakshadweep Islands Basin  462.59 

28 
 

Island Basin 371.4 

 

http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Indus_(Up_to_border)
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Ganga
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Brahmaputra
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Barak_and_others
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Godavari
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Krishna
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Cauvery
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Subarnarekha
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Brahmani_and_Baitarni
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Mahanadi
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Pennar
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Mahi
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Sabarmati
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Narmada
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Tapi
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=West_flowing_rivers_South_of_Tapi
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=East_flowing_rivers_between_Mahanadi_and_Godavari
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=East_flowing_rivers_between_Godavari_and_Krishna
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=East_flowing_rivers_between_Krishna_and_Pennar
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=East_flowing_rivers_between_Pennar_and_Cauvery
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=East_flowing_rivers_South_of_Cauvery
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=West_flowing_rivers_of_Kutch_and_Saurashtra_including_Luni
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=West_flowing_rivers_of_Kutch_and_Saurashtra_including_Luni
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Minor_rivers_draining_into_Bangladesh
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Minor_rivers_draining_into_Myanmar_Basin
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Area_of_North_Ladakh_not_draining_into_Indus_Basin
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Drainage_area_of_Andaman_and_Nicobar_islands
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Drainage_Area_of_Lakshadweep_Islands_Basin
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Island_Basin
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Mostly earth is used for construction of embankment in India.  Unavailability of 
good quality soil in the vicinity of the project site results in weaker embankments, which 
not only increases the maintenance cost but also makes them vulnerable to direct attack 
of river.  In order to overcome the above drawback, use of geo-textile tubes for 
embankment construction is increasing day by day. 

Further, boulders are being used in the construction of anti-erosion and river 
training works in most part of the country.  The availability of boulders is decreasing day 
by day in many parts of the country and hence search for alternate material is going on. In 
recent years, geo-bag has emerged as a possible alternative for boulders in construction 
of anti-erosion and river training works.  The use of geo-textile bags is progressively 
increasing in the country. 

There is very good scope for using Geo-textiles as filter material, geo-bags for 
erosion control and geo-textile bags for flood protection dyke. The terrain and the location 
of many roads, alongside ravines (hilly terrain) and rivers (flat terrain) means that the 
roads are subjected to rock falls, landslides, flooding and other natural disasters. 
Geotextile bags of various sizes and lengths can be used to form temporary reefs, 
breakwaters, groynes, headlands or revetments for beach formation, erosion control etc. 
Sturdy geotextile bags are filled in-situ with local beach sand and therefore have a 
relatively low cost.  

Typical solution for river bank protection works again shall depend on the 
complexity of the problem. If there is scarcity of stones at a particular site it would be wise 
to adopt geo-textile bags filled with sand. These bags shall then be encased in a 
mechanically woven double twist steel wire mesh/gabion box made of hot dipped 
galvanized mild steel wire of diameter not less than 2.2 mm having minimum tensile 
strength of 350 Mpa.  

To comment on the life of the products it is very essential to consider method of 
installation, the climatic conditions, under which the products are installed and exposed 
during the application. The life expectancy of Geo-synthetics products is dependent on 
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many factors such as the material composition during manufacturing, the surrounding 
environment, method of installation, exposure conditions. Geosythetic products may have 
life expectance in the range of 5-10 years when exposed to UV radiations. However this 
life expectancy may vary depending on the type of polymer used, exposed conditions, 
function and application. 

Use of geo-textiles tube / geo-textile bag in construction of flood management 
works is progressively increasing in the country. Design of such schemes is not 
standardized and various agencies are adopting varying specifications for the works 
making the task for appraisal and monitoring agencies difficult.  Keeping in view the 
progressive increase in use of such materials a need is felt to formulate appropriate 
guidelines. 

 
General Flood Management Measures - According to the Experts, floods are natural 
phenomena except the situations involving failure of flood control structures or faulty 
regulation of reservoirs; and permanent immunity against floods is not techno-
economically feasible. However, impacts of floods can be mitigated to a certain degree by 
adopting appropriate structural and non-structural measures as listed below: 

a) Structural Measure include engineered solutions such as redesigning buildings 

and designing physical barriers to disaster events to reduce damage such as 

Reservoirs, Detention basins, Embankments, Channelization of rivers, Channel 

improvement, and Drainage improvement, Diversion of flood waters and 

Watershed Management  

b) Non-structural solutions include social solutions such as early warning, 

evacuation planning, Flood forecasting,  Flood Plain Zoning and emergency 

response preparedness 
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2. LITERATURE REVIEW  

2.1 Flood Management Literature   

Flood control refers to all methods used to reduce or prevent the detrimental effects of 

flood waters.  Flood relief refers to methods used to reduce the effects of flood waters or 

high water levels. 

2.1.1 Causes of floods 

Floods are caused by many factors: heavy rainfall, highly accelerated nowmelt, severe 
winds over water, unusual high tides,tsunamis, or failure of dams, levees, retention ponds, 
or other structures that retained the water. Flooding can be exacerbated by increased 
amounts of impervious surface or by other natural hazards such as wildfires, which reduce 
the supply of vegetation that can absorb rainfall. 

Periodic floods occur on many rivers, forming a surrounding region known as the flood 
plain. 

During times of rain, some of the water is retained in ponds or soil, some is absorbed by 
grass and vegetation, some evaporates, and the rest travels over the land as surface 
runoff. Floods occur when ponds, lakes, riverbeds, soil, and vegetation cannot absorb all 
the water. Water then runs off the land in quantities that cannot be carried within stream 
channelsor retained in natural ponds, lakes, and man-made reservoirs. About 30 percent 
of all precipitation becomes runoff and that amount might be increased by water from 
melting snow. River flooding is often caused by heavy rain, sometimes increased by 
melting snow. A flood that rises rapidly, with little or no warning, is called a flash 
flood. Flash floods usually result from intense rainfall over a relatively small area, or if the 
area was already saturated from previous precipitation. 

2.1.2 Severe winds over water 

Even when rainfall is relatively light, the [shoreline]s of lakes and bays can be flooded by 
severe winds such as during hurricanes that blow water into the shore areas. 

2.1.3 Unusual high tides 

Coastal areas are sometimes flooded by unusually high tides, such as spring tides, 
especially when compounded by high winds and storm surges. 

2.2 Effects of floods 

Flooding has many impacts. It damages property and endangers the lives of humans and 
other species. Rapid water runoff causes soil erosion and concomitant sediment 
deposition elsewhere (such as further downstream or down a coast). The spawning 
grounds for fish and other wildlife habitats can become polluted or completely destroyed. 
Some prolonged high floods can delay traffic in areas which lack elevated roadways. 
Floods can interfere with drainage and economical use of lands, such as interfering with 
farming. Structural damage can occur in bridge abutments, bank lines, sewer lines, and 
other structures within floodways. Waterway navigation and hydroelectric power are often 
impaired. Financial losses due to floods are typically millions of dollars each year, with the 
worst floods in recent U.S. history having cost billions of dollars. 

2.3 Flood Management and protection 

Some methods of flood control have been practiced since ancient times.These methods 
include planting vegetation to retain extra water,terracing hillsides to slow flow downhill, 
and the construction of floodway (man-made channels to divert floodwater).Other 

https://en.wikipedia.org/wiki/Flood
https://en.wikipedia.org/wiki/Tsunami
https://en.wikipedia.org/wiki/Levees
https://en.wikipedia.org/wiki/Retention_pond
https://en.wikipedia.org/wiki/Flood_plain
https://en.wikipedia.org/wiki/Flood_plain
https://en.wikipedia.org/wiki/Surface_runoff
https://en.wikipedia.org/wiki/Surface_runoff
https://en.wikipedia.org/wiki/Stream_channel
https://en.wikipedia.org/wiki/Stream_channel
https://en.wikipedia.org/wiki/Flash_flood
https://en.wikipedia.org/wiki/Tropical_cyclone
https://en.wikipedia.org/wiki/Coastal_plain
https://en.wikipedia.org/wiki/Spring_tide
https://en.wikipedia.org/wiki/Storm_surge
https://en.wikipedia.org/wiki/Bridge_abutment
https://en.wikipedia.org/wiki/Hydroelectric_power
https://en.wikipedia.org/wiki/Terrace_(agriculture)
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techniques include the construction of levees, lakes, dams, reservoirs, retention ponds to 
hold extra water during times of flooding. 

2.4 Methods of Flood management measures 

2.4.1 Dams 

Many dams and their associated reservoirs are designed completely or partially to aid in 
flood protection and control. Many large dams have flood-control reservations in which the 
level of a reservoir must be kept below a certain elevation before the onset of the 
rainy/summer melt season to allow a certain amount of space in which floodwaters can fill. 
The term dry dam refers to a dam that serves purely for flood control without any 
conservation storage (e.g.Mount Morris Dam, Seven Oaks Dam). 

2.4.2 Diversion canals 

Flood control channel 

Floods can be controlled by redirecting excess water to purpose-built canals or floodways, 
which in turn divert the water totemporary holding ponds or other bodies of water where 
there is a lower risk or impact to flooding. Examples of flood control channels include 
the Red River Floodway that protects the City of Winnipeg (Canada) and the Manggahan 
Floodway that protects the City of Manila (Philippines). 

2.4.3 Self-closing flood barrier 

The self-closing flood barrier (SCFB) is a flood defense system designed to protect people 
and property from inland waterway floods caused by heavy rainfall, gales or rapid melting 
snow. The  SCFB can be built to protect residential properties and whole communities, as 
well as industrial or other strategic areas. The barrier system is constantly ready to deploy 
in a flood situation, it can be installed in any length and uses the rising flood water to 
deploy. Barrier systems have already been built and installed in Belgium, Italy, Ireland, the 
Netherlands, Thailand, United Kingdom, Vietnam, Australia, Russia and the United States.  

2.4.4 River defenses 

In many countries, rivers are prone to floods and are often carefully managed. Defenses 
such as levees,bunds, reservoirs, and weirs are used to prevent rivers from bursting their 
banks. When these defenses fail, emergency measures such as sand bags,hydrosacks or 
portable inflatable tubes are used. 

A weir, also known as a lowhead dam, is most often used to create mill ponds, but on the 
Humber River in Toronto, a weir was built near Raymore Drive to prevent a recurrence of 
the flood damage caused by Hurricane Hazel in 1954. 

2.4.5 Coastal defenses 

Coastal flooding has been addressed in Europe and the Americas with coastal defences, 
such as sea walls,beach nourishment, and barrier islands. 

Tide gates are used in conjunction with dykes and culverts. They can be placed at the 
mouth of streams or small rivers, where an estuary begins or where tributary streams, or 
drainage ditches connect to sloughs. Tide gates close during incoming tides to prevent 
tidal waters from moving upland, and open during outgoing tides to allow waters to drain 
out via the culvert and into the estuary side of the dike. The opening and closing of the 
gates is driven by a difference in water level on either side of the gate. 

 

 

 

 

https://en.wikipedia.org/wiki/Retention_pond
https://en.wikipedia.org/wiki/Dry_dam
https://en.wikipedia.org/wiki/Mount_Morris_Dam
https://en.wikipedia.org/wiki/Seven_Oaks_Dam
https://en.wikipedia.org/wiki/Flood_control_channel
https://en.wikipedia.org/wiki/Retention_basin
https://en.wikipedia.org/wiki/Red_River_Floodway
https://en.wikipedia.org/wiki/Winnipeg
https://en.wikipedia.org/wiki/Manggahan_Floodway
https://en.wikipedia.org/wiki/Manggahan_Floodway
https://en.wikipedia.org/wiki/Manila
https://en.wikipedia.org/wiki/Bunding
https://en.wikipedia.org/wiki/Sandbag
https://en.wikipedia.org/wiki/Hydrosacks
https://en.wikipedia.org/wiki/Weir
https://en.wikipedia.org/wiki/Water_mill
https://en.wikipedia.org/wiki/Humber_River_(Ontario)
https://en.wikipedia.org/wiki/Raymore_Drive
https://en.wikipedia.org/wiki/Hurricane_Hazel
https://en.wikipedia.org/wiki/Coastal_flood
https://en.wikipedia.org/wiki/Sea_wall
https://en.wikipedia.org/wiki/Beach_nourishment
https://en.wikipedia.org/wiki/Barrier_island
https://en.wikipedia.org/wiki/Tidal_barrage
https://en.wikipedia.org/wiki/Estuary
https://en.wikipedia.org/wiki/Slough_(hydrology)
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2.4.6 Temporary perimeter barriers 

In 1988, a method of using water to control was discovered. This was accomplished by 
containing 2 parallel tubes within a third outer tube. When filled, this structure formed a 
non-rolling wall of water that can control 80 percent of its height in external water depth, 
with dry ground behind it. Eight foot tall water filled barriers were used to surround Fort 
Calhoun Nuclear Generating Station during the 2011 Missouri River Flooding. Instead of 
trucking in sandbag material for a flood, stacking it, then trucking it out to a hazmat 
disposal site, flood control can be accomplished by using the on site water. However, 
these are not fool proofarrangements. A 8 feet (2.4 m) high 2,000 feet (610 m) long water 
filled rubber flood berm that surrounded portions of the plant was punctured by a skid-
steer loader and it collapsed flooding a portion of the facility. 

In 1999, A group of Norwegian Engineers founded and patented Aquafence. A 
transportable, removable, and reusable flood barrier which uses the water's weight 
against itself. In 2013, AquaFence was awarded the highest level USA ANSI Certification 
after more than one year of testing of the system by US ARMY Corps of Engineers as well 
as parts testing and production review by FM Global. Both commercial and municipal 
customers spanning across The United States of America, Europe and Asia. In the US 
alone, AquaFence removable flood panels are protecting more than $10 billion worth of 
real estate as well as cities and public utilities. 

2.4.7 Application of Geotextile tube in coastal protection 

Coastal erosion and accretion are inevitable processes as the coastal sediments are 

constantly in motion as an effect of tides, waves, winds, and currents. Human activities 

such as sand dredging and harbour construction have been disrupting the continuity of 

sediment transport and accelerate the coastline erosion. In addition, climate change, sea 

level rise, and storm surges added another layer of complexity to the eroding coasts. 

Coastal structures are built to prevent further erosion of shorelines as well as restoring the 

eroded beaches to their initial phase. Hence, without coastal protection measures, eroded 

coastline can ravage the public properties. Therefore, coastal structures are imperative to 

protect the environment, ecology, infrastructures, and economic activities near shore  

The conventional coastal structures (i.e., breakwater, groins, revetment, and seawalls) 

have been constructed using wood, rock, and concrete. Nonetheless, the recent 

consideration of environmental approaches and the limited resources of natural rocks in 

certain regions led to an increase in the application of geosynthetics in coastal protection. 

Geosynthetics are high-strength polymer materials, often used in contact with soil, rock, 

and mortar.  

The five main functions of geosynthetics are separation, drainage, filtration, reinforcement, 

and containment. Therefore, for the past three decades, geosynthetics have been used in 

the construction of coastal structures to maintain the dynamic equilibrium of coastline  

Geotextile tube is one of the geosynthetics structures that are increasingly used in coastal 

protection. Geotextile tubes are made from high-strength geosynthetic fabrics that allow 

the water to flow through pores while retaining the filling materials. They are widely used 

for dewatering, flood control, and coastal protection. Geotextile tube can be used in 

various conditions as a result of the low consumption of construction cost and time, 

requirement of simple equipment, and low-skilled workers. Geotextile tubes are good 

alternatives for the conventional hard coastal structures.Geotextile tubes are used as core 

material, armouring layers, filtering layers, and scour protection for different types of 

coastal structures. However, they have lower resistance to wave attacks.  

https://en.wikipedia.org/wiki/Fort_Calhoun_Nuclear_Generating_Station
https://en.wikipedia.org/wiki/Fort_Calhoun_Nuclear_Generating_Station
https://en.wikipedia.org/wiki/2011_Missouri_River_Flood
https://en.wikipedia.org/wiki/Skid-steer_loader
https://en.wikipedia.org/wiki/Skid-steer_loader
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The conduction of the coastal protection measures is significantly site dependent as there 

are various interrelated and locally diverse parameters. These parameters include 

sediment properties, water elevation, wave and current characteristics, geomorphology 

setting, protection goals, required intervention level, safety level, and social, economic, 

and politic factors. Coastal protection methods for the sandy beaches focus on erosion 

prevention and beach restoration, while, for the mudflat, protection and rehabilitation of 

mangrove can be considered as a key method. 

2.4.7.1 Application of Geotextile Tubes in Sandy Coasts 

Applications of geotextile tubes in sandy coasts with the main aim of protecting the 

shoreline from further erosion were presented through the case studies of Yucatan’s coast 

in Mexico and Teluk Kalong’s coast in Malaysia. The utilization objectives, method, design 

considerations, and lessons learned from the case studies were introduced. 

2.5 Flood control by continent 

 

2.5.1 Americas 

An elaborate system of floodway defenses can be found in the Canadian province of 
Manitoba. The Red River flows northward from the United States, passing through the city 
of Winnipeg (where it meets the Assiniboine River) and into Lake Winnipeg. As is the case 
with all north-flowing rivers in the temperate zone of the Northern Hemisphere, snowmelt 
in southern sections may cause river levels to rise before northern sections have had a 
chance to completely thaw. This can lead to devastating flooding, as occurred in Winnipeg 
during the spring of 1950. To protect the city from future floods, the Manitoba government 
undertook the construction of a massive system of diversions, dikes, and floodways 
(including the Red River Floodway and the Portage Diversion). The system kept Winnipeg 
safe during the 1997 flood which devastated many communities upriver from Winnipeg, 
including Grand Forks, North Dakota and Ste.Agathe, Manitoba. 

In the United States, the U.S. Army Corps of Engineers is the lead flood control agency. 

In the New Orleans Metropolitan Area, 35 percent of which sits below sea level, is 
protected by hundreds of miles of levees and flood gates. This system 
failed catastrophically, with numerous breaks, during Hurricane Katrina (2005) in the city 
proper and in eastern sections of the Metro Area, resulting in the inundation of 
approximately 50 percent of the metropolitan area, ranging from a few inches to twenty 
feet in coastal communities. 

The Morganza Spillway provides a method of diverting water from the Mississippi River 
when a river flood threatens New Orleans,Baton Rouge and other major cities on the 
lower Mississippi. It is the largest of a system of spillways and floodways along the 
Mississippi. Completed in 1954, the spillway has been opened twice, in 1973 and in 2011. 

In an act of successful flood prevention, the federal government offered to buy out flood-
prone properties in the United States in order to prevent repeated disasters after the 1993 
flood across the Midwest. Several communities accepted and the government, in 
partnership with the state, bought 25,000 properties which they converted into wetlands. 
These wetlands act as a sponge in storms and in 1995, when the floods returned, the 
government did not have to expend resources in those areas.  

 

 

 

https://en.wikipedia.org/wiki/Canada
https://en.wikipedia.org/wiki/Manitoba
https://en.wikipedia.org/wiki/Red_River_of_the_North
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Winnipeg
https://en.wikipedia.org/wiki/Assiniboine_River
https://en.wikipedia.org/wiki/Lake_Winnipeg
https://en.wikipedia.org/wiki/1950_Red_River_Flood
https://en.wikipedia.org/wiki/Red_River_Floodway
https://en.wikipedia.org/wiki/Portage_Diversion
https://en.wikipedia.org/wiki/1997_Red_River_Flood
https://en.wikipedia.org/wiki/Grand_Forks,_North_Dakota
https://en.wikipedia.org/wiki/North_Dakota
https://en.wikipedia.org/wiki/Ste._Agathe,_Manitoba
https://en.wikipedia.org/wiki/U.S._Army_Corps_of_Engineers
https://en.wikipedia.org/wiki/New_Orleans_Metropolitan_Area
https://en.wikipedia.org/wiki/Hurricane_Katrina#Aftermath
https://en.wikipedia.org/wiki/Hurricane_Katrina
https://en.wikipedia.org/wiki/Morganza_Spillway
https://en.wikipedia.org/wiki/Mississippi_River
https://en.wikipedia.org/wiki/New_Orleans
https://en.wikipedia.org/wiki/Baton_Rouge,_Louisiana
https://en.wikipedia.org/wiki/Federal_Government_of_the_United_States
https://en.wikipedia.org/wiki/Wetlands
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2.5.2 Asia 

In India, Bangladesh and China, flood diversion areas are rural areas that are deliberately 
flooded in emergencies in order to protect cities. 

[The consequences of deforestation and changing land use on the risk and severity of 
flooding are subjects of discussion. In assessing the impacts of Himalayan deforestation 
on the Ganges-Brahmaputra Lowlands, it was found that forests would not have 
prevented or significantly reduced flooding in the case of an extreme weather event. 
However, more general or overview studies agree on the negative impacts that 
deforestation has on flood safety - and the positive effects of wise land use and 
reforestation. 

Many have proposed that loss of vegetation (deforestation) will lead to an increased risk 
of flooding. With natural forest cover the flood duration should decrease. Reducing the 
rate of deforestation should improve the incidents and severity of floods. 

2.5.3 Africa 

In Egypt, both the Aswan Dam (1902) and the Aswan High Dam (1976) have controlled 
various amounts of flooding along the Nile river. 

2.5.4 Europe 

Following the misery and destruction caused by the1910 Great Flood of Paris, the French 
government built a series of reservoirs called Les GrandsLacs de Seine (or Great Lakes) 
which helps remove pressure from the Seine during floods, especially the regular winter 
flooding. 

London is protected from flooding by a huge mechanical barrier across the River Thames, 
which is raised when the water level reaches a certain point (see:Thames Barrier). 

Venice has a similar arrangement, although it is already unable to cope with very high 
tides. The defenses of both London and Venice will be rendered inadequate if sea levels 
continue to rise. 

The largest and most elaborate flood defenses can be found in the Netherlands, where 
they are referred to as Delta Workswith the Oosterschelde dam as its crowning 
achievement. These works were built in response to the North Sea flood of 1953, in the 
southwestern part of the Netherlands. The Dutch had already built one of the world's 
largest dams in the north of the country. The Afsluitdijk closing occurred in 1932. 

The Saint Petersburg Flood Prevention Facility Complex was completed in 2008, in 
Russia, to protect Saint Petersburg fromstorm surges. It also has a main traffic function, 
as it completes a ring road around Saint Petersburg. Eleven dams extend for 25.4 
kilometres (15.8 mi) and stand 8 metres (26 ft) above water level. 

2.6 Flood clean-up safety 

Clean-up activities following floods often pose hazards to workers and volunteers involved 
in the effort. Potential dangers include electrical hazards,carbon monoxide 
exposure,musculoskeletal hazards,heat or cold stress, motor vehicle-related 
dangers,fire,drowning, and exposure to hazardous materials. Because flooded disaster 
sites are unstable, clean-up workers might encounter sharp jagged debris, biological 
hazards in the flood water, exposed electrical lines, blood or other body fluids, and animal 
and human remains. In planning for and reacting to flood disasters, managers provide 
workers with hard hats,goggles, heavy work gloves,life jackets, and watertight boots with 
steel toes and insoles. 
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https://en.wikipedia.org/wiki/River_Thames
https://en.wikipedia.org/wiki/Thames_Barrier
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https://en.wikipedia.org/wiki/Delta_Works
https://en.wikipedia.org/wiki/Oosterschelde
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https://en.wikipedia.org/wiki/Russia
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https://en.wikipedia.org/wiki/Storm_surge
https://en.wikipedia.org/wiki/Beltway
https://en.wikipedia.org/wiki/Water_level
https://en.wikipedia.org/wiki/Electric_shock
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Musculoskeletal
https://en.wikipedia.org/wiki/Hyperthermia
https://en.wikipedia.org/wiki/Hypothermia
https://en.wikipedia.org/wiki/Motor_vehicle
https://en.wikipedia.org/wiki/Fire
https://en.wikipedia.org/wiki/Drowning
https://en.wikipedia.org/wiki/Hazardous_materials
https://en.wikipedia.org/wiki/Hard_hats
https://en.wikipedia.org/wiki/Goggles
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2.7 Future 

Europe is at the forefront of the flood control technology, with low-lying countries such as 
the Netherlands and Belgium developing techniques that can serve as examples to other 
countries facing similar problems.  

After Hurricane Katrina, the US state of Louisiana sent politicians to the Netherlands to 
take a tour of the complex and highly developed flood control system in place in the 
Netherlands.With a BBC article quoting experts as saying 70 percent more people will live 
in delta cities by 2050, the number of people impacted by a rise in sea level will greatly 
increase.The Netherlands has one of the best flood control systems in the world and new 
ways to deal with water are constantly being developed and tested, such as the 
underground storage of water, storing water in reservoirs in large parking garages or on 
playgrounds,Rotterdam started a project to construct a floating housing development of 
120 acres (0.49km2) to deal with rising sea levels.Several approaches, from high-tech 
sensors detecting imminent levee failure to movable semi-circular structures closing an 
entire river, are being developed or used around the world. Regular maintenance of 
hydraulic structures, however, is another crucial part of flood control. 

https://en.wikipedia.org/wiki/Hurricane_Katrina
https://en.wikipedia.org/wiki/Louisiana
https://en.wikipedia.org/wiki/BBC
https://en.wikipedia.org/wiki/River_delta
https://en.wikipedia.org/wiki/Current_sea_level_rise
https://en.wikipedia.org/wiki/Parking_garages
https://en.wikipedia.org/wiki/Playgrounds
https://en.wikipedia.org/wiki/High-tech
https://en.wikipedia.org/wiki/Levee
https://en.wikipedia.org/wiki/Thames_Barrier
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3. TERMS & DEFINITIONS 

 Absorption: The process by which a liquid is drawn into and tends to fill permeable 
pores in a porous solid  body, also, the increase in mass of a porous solid body 
resulting from penetration of a liquid into its permeable pores. 

 Apparent opening size: A property which indicates the approximate largest particle 
that would effectively pass through the geo-textile. 

 Biodegradability: Degradation of natural and synthetic geotextiles and related 
products with micro-organisms such as bacteria or fungi. 

 Blinding: The condition whereby soil particles block the voids at the surface of a 
geotextile, thus reducing the hydraulic conductivity of the system. 

 Bonding:The process of combining fibres, filaments, or films into sheets, webs, or 
baths by means of mechanical, thermal, or chemical binding. 

 Bituminous geo-membrane: A planar, relatively impermeable sheet manufactured 
from natural bituminous materials. 

 Bonded geo-grid: A geo-grid manufactured by bonding, usually at right angles, two or 
more sets of strands or elements. 

 Chemically Bonded geo-textiles: This is the least common method for forming non-
woven geo-textiles. They are produced by spraying polymer filaments on to a moving 
conveyor and then spraying or impregnating an acrylic resin on to or into the fibrous 
web. After curing or rolling, strong bonds are formed between the filaments. Often a 
forced-air drying operation is required to establish the fabrics open pore structure. 

 Chemically Bonded Non-woven Fabric: Non-woven fabric, the cohesion of which is 
achieved by addition of chemical products (binding agents). 

 Clogging: The movement by mechanical action or hydraulic flow of soil particles into 
the voids of a fabric and retention therein, thereby reducing the hydraulic conductivity 
of a geo-textile. 

 Coated Fabric: Fabric which has been impregnated and/or coated with a rubbery or 
plastic material in the form of a solution, dispersion, hot melt, or powder. The term also 
applies to materials resulting from the application of a preformed film to a fabric by 
means of calendaring. 

 Cross Machine Direction: The direction of a geosynthetic which is perpendicular to its 
long, manufactured, or machine direction. Often referred to in hydraulic situations. 

 Direction, cross-machine: The direction perpendicular to the machine or 
manufactured direction. 

 Direction, machine: In textiles, the direction in a machine-made fabric parallel to the 
direction of movement the fabric followed in the manufacturing process (synonym: 
lengthwise). 

 Geo-composite Drainage composite: A prefabricated subsurface drainage product 
which consists of a geo-textile filter skin supported by a geo-net or a geo-spacer. 

 Elastomeric geo-membrane: A planar, relatively impermeable sheet manufactured 
from elastomeric polymers. 

 Electro kinetic geosynthetic: A composite material which may provide filtration, 
drainage, reinforcement in addition to electrical conduction. 

 Elongation, percent: For geo-synthetics, the increase in length of a specimen 
expressed as a percentage of the original gage length (i.e. engineering strain). 

 Elongation: The increase in length produced in the gauge length of the test specimen 
by a tensile load. 
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 Extruded geo-grid: A geo-grid manufactured by extruding polymers and drawing in a 
sheet form with different adjustable apertures. 

 Extruder: A machine with a driver screw for continuous forming of polymeric 
compounds by forcing through a die; regularly used to manufacture geo-membranes or 
geonets. 

 Fabric, composite: A textile structure produced by combining non-woven, woven, or 
knit manufacturing methods. 

 Fabric Reinforcement: A fabric, scrim, and so on, used to add structural strength to a 
two or more ply polymeric sheet. Such sheeting is referred to as ‘supported’. 

 Fabric: Term used interchangeable with geo-textile. 

 Film: Sheeting having nominal thickness not greater than 254 μm (0.254 mm). 

 Filter cloth: A deprecated term for geo-textile. 

 Geo-armour: A permeable geosynthetic material placed over the surface of the soil, in 
conjunction with pattern-placed block armour units, to prevent erosion. 

 Geo-bar: A polymeric material in the form of a bar, used in contact with soil/rock and/or 
any other geotechnical material in civil engineering applications. 

 Geo-blanket: (Erosion Control Blanket) A permeable, biodegradable (natural) 
structure placed over the soil for temporary erosion control applications, usually while 
vegetation is being established. 

 Geocell: A three dimensional structure filled with soil, thereby forming a mattress for 
increased bearing capacity and manoeuvrability on loose or compressible subsoils. 

 Geo-composite clay liner: An assembled structure of geosynthetic materials and low 
hydraulic conductivity earth materials (clay or bentonite), in the form of a  manufactured 
sheet, used in contact with soil/rock and/or any other geotechnical material in civil 
engineering applications. 

 Geo-composite reinforcement: An assembled structure of dissimilar geosynthetic 
materials used for soil reinforcement. 

 Geocomposite: A manufactured material using geotextiles, geogrids, and/or 
geomembranes in laminated or composite form. 

 Geo-foam: A polymeric material which has been formed by the application of the 
polymer in semi-liquid form, through the use of a foaming agent, and results in a 
lightweight material with high void content, used in contact with soil/rock and/or any 
other geotechnical material in civil engineering applications. 

 Geo-grid, knitted: A geo-grid manufactured by knitting together yarns or elements, 
usually at right angles to each other. 

 Geo-grid, woven: A geo-grid manufactured by weaving yarns or elements, usually at 
right angles to each other. 

 Geogrid: 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 the human-made project structure or system. 

 Geo-mat: (Turf Reinforcement Mat)A three-dimensional, permeable, polymeric 
structure, made of bonded filaments, used to reinforce roots of grass and small plants 
and extend the erosion-control limits of vegetation for permanent erosion control 
applications. 

Note-Geomat is a composite mat comprising a layer of bio-degradable mulching material 
sandwiched between and mechanically bonded to two layers of polymer netting. The 
product combines the moisture retention and soil enrichment characteristics of the mulch 
with the tensile strength and durability of the polymer netting. Geomat consists of three 
layers shall be held together at every 100 mm spacing in a staggered manner with the 
stitching thread of the same material of the Geomat in both directions.The netting used for 
fabrication of Geomat shall be depth stretched in autoclave so as to achieve good knot 
tightness, uniformity of mesh size & good dimensional stability of netting. 
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 Geo-mattress: A three-dimensional, permeable geosynthetic structure, placed over the 
surface of a soil, and then filled with concrete mortar or soil, to prevent erosion. 

 Geo-membrane, plastomeric: A planar, relatively impermeable sheet manufactured 
from plastomeric polymers. 

 Geo-membrane: An essentially impermeable membrane used as a liquid or vapour 
barrier with foundation, soil, rock, earth, or any other geotechnical engineering-related 
material as an integral part of a human-made project, structure, or system. 

Note-Geo-membrane materials are relatively thin and impervious sheets of polymeric 
material, used primarily for linings and covers of liquids- or solid-storage facilities. This 
includes all types of landfills, reservoirs, canals, and other containment facilities. Thus the 
primary function is always containment as a liquid or moisture barrier or both. Geo-
membrane are of different types as per density and texture. Use of geo-membrane is rapidly 
increasingin areas of soil stabilization, landfills, lagoons, lining, pavement, dams and 
spillways etc. These membranes can be classified into HDPE (high density polyethylene) 
and LDPE (Low density polyethylene). 

 Geotextile Bag:The Geotextile Bags are sand-filled high-strength woven geotextile 
bags available in the size of 3m long, 1.7m wide, and 0.8m high. Each bag weighs 
about 8 tons and has the applications in riverbank, beach protection, and offshore 
breakwaters. 

 Geotextiletube:The geotextile tubes are sediment-filled sleeves of geotextile fabric 
having an oval cross section of approximately 12 feet. They rest on a fabric scour 
apron that has sediment-filled anchor tubes along each edge. 

 Geo-net: A planar, polymeric structure consisting of a regular dense network, whose 
constituent elements are linked by knots or extrusions and whose openings are much 
larger than the constituents, used in contact with soil/rock and/or any other 
geotechnical material in civil engineering applications.Geo-nets are formed by a 
continuous extrusion of parallel sets of polymeric ribs at acute angles to one another. 
When the ribs are opened, relatively large apertures are formed into a net-like 
configuration. 

 Geo-spacer: A three-dimensional polymeric structure with large void spaces, used in 
contact with soil/rock and/or any other geotechnical material in civil engineering 
applications. 

 Geo-strip: A polymeric material in the form of a strip, used in contact with soil/rock 
and/or any other geotechnical material in civil engineering applications. 

 Geosynthetic clay liner: Factory-manufactured hydraulic barriers consisting of a layer 
of bentonite clay or other very low permeability material supported by geo-textiles 
and/or geo-membranes, and mechanically held together by needling, stitching. 

 Geosynthetics: Thegeneric classification of all synthetic materials used in 
geotechnical engineering applications, it includes geotextiles, geogrids, 
geomembranes, and geocomposites. 

 Geosynthetic, knitted: A geo-textile produced by inter-looping one or more yarns, 
filaments or other elements. 

 Geosynthetic, nonwoven: A geo-textile in the form of a manufactured sheet, web of 
directionally or randomly orientated fibres, filaments or other elements, produced from 
randomly distributed continuous or staple fibers and mechanically and/or thermally 
and/or chemically bonded. 

 Geosynthetic, woven: A geo-textile produced by interlacing, usually at right angles, 
two or more sets of yarns, filaments, tapes or other elements. Woven geo-textile are 
manufactured by interlacing weft thread through warp thread. 

 Geosynthetic: Any permeable textile ( natural or synthetic ) 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. 

 Grabtest: In fabric testing, a tension test in which only a part of the width of the 
specimen is gripped in the clamps. 
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 Heat Seaming: The process of joining two or more thermoplastic films of sheets by 
heating areas in contact with each other to the temperature at which fusion occurs. The 
process is usually aided by a controlled pressure. In dielectric seaming the heat is 
induced within films by means of radiofrequency waves. 

 Hydraulic conductivity: The rate of discharge of water under laminar flow conditions 
through a unit cross-sectional area of a porous medium under a unit hydraulic gradient 
and standard temperatures (20ºC). 

 In-plane: The direction of a geosynthetic which is parallel to its long, manufactured, or 
machine direction. (Usually referred to in hydraulic situations). 

 Impervious or Water-tight Membrane: Flexible continuous product or article, such as 
film, coated or impregnated geotextile, filmgeotextile complexes, to provide 
imperviousness usually to water. 

 Impregnated Cloth: Cloth which has been dipped in an impregnating bath( polymer 
resin). The purpose of this treatment is the strengthening of the product, protection 
against external wear, and in certain cases, water tightness. 

 Index Test: A testprocedure which may contain a known bias but which may be used 
to establish an order for a set of specimens with respect to the property of interest. 

 Laboratory Sample: A portion of material taken to represent the lot sample, or the 
original material, and used in the laboratory as a source of test specimens. 

 Lot: A unit of production or a group of other units or packages, taken for sampling or 
statistical examination having one or more common properties and being readily 
separable from other similar units. 

 Laminated Cloth: Cloth to which an adhesive film has been attached either by means 
of heat-sealing or by application of binding agents. The aims of this pretreatment are 
the strengthening of the product, protection against external wear and/ or water-
tightness. 

 Lapped Joint: A joint made by placing one surface to be joined partly over another 
surface and bonding the overlapping portions. 

 Machine Direction: The direction in the plane of the fabric parallel to the direction of 
manufacture. 

 Mechanically Bonded geo-textiles: These geo-textiles are formed by introducing a 
fibrous web into a machine equipped with groups of specially designed needles. While 
the web is trapped between plates, the needles punch through it and re-orientate the 
fibres so that mechanical bonding is achieved among the individual fibres. In some 
cases, the needles may also vibrate or rotate to speed up the entanglement. This 
process produces fabrics which have a high density, considerable bulk, and thick. In 
stitch bonded nonwovens instead of needle punching  stitching is done using sets of 
stitching needles (set at particular distance) to the fibre bat or fibre web 

 Needle-punched: Mechanically bonded by needling with barbed needles. 

 Non-woven Fabric: A cloth obtained by mechanical and/or chemical and/or thermal 
binding of textile fibres arranged to form a fabric ( fabrics ), but excluding weaving and 
knitting, or a combination of these latter. 

 Normal Direction: For geotextiles, the direction perpendicular to the plane of a 
geotextile. 

 Permeability: The rate of flow of a liquid through a materia1 under a differential 
pressure. 

 Permittivity: For a geo-textile, the volumetric flow rate of water per unit cross-section 
area, per unit head, under laminar flow conditions, in the normal direction through the 
fabric. 
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 Polyamide (PA): Linearmacromolecule, the chain of which is characterized by the 
repetition of the functional amide group C-C-O-N-H. May be either aliphatic or 
aromatic. 

 pH: A measure of the acidity or alkalinity of a material, liquid, or solid. pH is 
represented on a scale of 0 to 14; 7 represents a neutral state; 0 represents the most 
acid, and 14 the most alkaline. 

 Polyester (PES): Linear macromolecule, the chain of which is characterized by at least 
85 percent in mass of ester of diol and teraphthalic acid. 

 Polyethlene(PE): Linear macromolecule saturated with aliphatic hydrocarbons, non-
substitutive. 

 Polymer: A macromolecular material formed by the chemical combination of 
monomers having either the same or different chemical composition. Plastics, rubbers, 
and textile fibres are all high molecular- weight polymers. 

 Polymeric Liner: Plastic or rubber sheeting used to line disposal sites, pits, ponds, 
lagoons, canals, and so on. 

 Polypropylene Rope Gabion: A flexible structure where the horizontal and vertical 
polypropylene 4 strand ropes of diameter of 9 mm -24 mm are intersect each other with 
woven joint to form a polypropylene Rope Gabion. 

 Polyolefin ( PO ): Class of polymer which includes polyethylenes and polypropylenes. 

 Polypropylene (PP): Linear macromolecule, saturated with aliphatic hydrocarbons, in 
which one out of every two carbons carries a methyl radical, generally in isotactical 
arrangement, and without further  substitution. 

 Polyvinyl chloride (PVC): A synthetic thermoplastic polymer prepared from vinyl 
chloride. PVC can be compounded into flexible and rigid forms through the use of 
plasticizers, stabilizers, fillers, and other modifiers; rigid forms used in pipes and well 
screens; flexible forms used in manufacture of geo-membranes. 

 Resin bonded: The joining of fibres at their intersection points by resin in the formation 
of a non-woven geo-textile or geo-composite. 

 Scrim: A woven, open-mesh reinforcing fabric made from continuous-filament yarn. 
Used in the reinforcement of polymeric sheeting. 

 Seam strength: Strength of a seam measured either in shear or peel modes. Strength 
of the seams is reported either in absolute units (e.g. KN per m of width) or as a 
percent of the strength of the sheet. 

 Tear Strength: The force required to either start, or continue or propagate a tear in a 
fabric under specified conditions. This test method uses the test maximum of the 
tearing force as the tearing strength. 

 Temperature Stability: For a geotextile, the percentage change in tensile strength and 
elongation measured at a specified temperature as compared to the values obtained at 
the standard conditions of temperature for testing. 

 Tenacity: The fibre strength expressed as force per unit linear density (gram force per 
denier) 

 Tensile Modulus: For geosynthetics, the ratio of change in tensile force per unit width 
(N/m ) to corresponding change in strain ( slope ). 

 Tensile Strength: The maximum tensile stress per unit of original cross-sectional area 
applied during stretching of a specimen to break. 

 Thermally Bonded geo-textiles: These geo-textiles are produced by spraying 
continuous polymer filaments on to a moving belt which is then passed through heated 
rollers. These rollers compress the layers of loose filaments and cause partial melting 
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of the polymer, leading to thermal bonding of the filament cross-over points. Thermally 
bonded geo-textiles tend to be relatively thin. The random distribution of the filaments 
results in a wider range of opening sizes than is found in a woven geo-textile. The 
absence of any preformed orientation of the filaments results in a more isotropic 
strength compared to woven.  

 Transmissivity: For a geo-textile, the volumetric flow rate per unit thickness under 
laminar flow conditions, in the in-plane direction of the fabric. 

 Transverse direction: A deprecated term for cross-machine direction.  

 Tarza mat:Mat made up of locallyavailable bamboo. 

 Ultraviolet degradation: The breakdown of polymeric structure when exposed to 
natural light. 

 Unsupported Sheeting: A polymeric sheeting consisting of one or more plies without 
a reinforcing-fabric layer or scrim. 

 Voids: The open spaces in a geosynthetic material through which flow can occur. 

 Warp: The yarn running the length of the fabric in the machine direction when 
manufacturing woven fabrics. 

 Water Vapour Transmission ( WVT): Water vapour flow normal to two parallel 
surfaces of a material, through a unit area, under the conditions of a specified test. 

 Water table: (1) The upper limit of the part of the soil or underlying rock material that is 
wholly saturated with water. (2) The upper surface of the zone of saturation in ground 
water in which the hydrostatic pressure is equal to atmospheric pressure. 

 Weft: The cross-machine direction when manufacturing woven geo-textiles. 

 Yarn: A generic term for continuous strands of textile fibres or filaments in a form 
suitable for knitting weaving, or otherwise intertwining to form a textile fabric. Yarn may 
refer to (1) a number of fibres twisted together, (2) a number of filaments laid together 
without twist (a zero-twist yarn), (3) a number of filaments laid together with more or 
less twist, or (4) a single filament with or without twist (a monofilament). 
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4. CLASSIFICATION AND FUNCTIONS OF GEO-
SYNTHETICS 

A geosynthetic is a planar product manufactured from a polymeric material used 
with soil, rock, earth, or other geotechnical related material as an integral part of a civil 
engineering project, structure, or system. They are generally polymeric products used to 
solve civil engineering problems. This includes eight main product categories: geotextiles, 
geogrids,geonets,geomembranes,geosynthetic clay liners, geofoam,geocells and 
geocomposites.The two basematerials for geosynthetic products are polyethelene and 
polypropylene.  

 

A geo-textile is a permeable geosynthetic made of textile materials. There are a 
number of other materials available today that are technically not textiles - including webs, 
grids, meshes, composites,etc. - that are used in combination with or in place of geo-
textiles. These are sometimes referred to as geo-textile-related materials. All Geo-textiles 
and related materials fall under the principal category of geosynthetic. Geo-grids, geo-
synthetics primarily used for reinforcement, are formed by a regular network of tensile 
elements with apertures of sufficient size to interlock with surrounding fill material. Geo-
membranes-impermeable geo-synthetics used as fluid barriers. Geo-textiles and related 
products, such as nets and grids, can be combined with geo-membranes and other 
synthetics to complement the best attributes of each material. These products are called 
geo-composites, and they may be geo-textile-geo-nets, geo-textile- geo-grids, geo-textile-
geo-membranes, geo-membranes-geo-nets, geo-textile-polymeric cores, and even three-
dimensional polymeric cell structures. There is almost no limit to the combinations of geo-
composites. 

In manufacturing geo-textiles, elements such as fibers or yarns are combined into 
planar textile structures. The Fibers can be continuous filaments, which are very long thin 
strands of a polymer, or staple fibers, which are short filaments, typically 20 to 150 mm 
long. The fibers may also be produced by slitting an extruded plastic sheet or film to form 
thin flat tapes. In both filaments and slit films, the extrusion or drawing process elongates 
the polymers in the direction of the draw and increases in the filament strength.  

Geo-textile type is determined by the method used to combine the filaments or 
tapes into the planar structure. The vast majority of geo-textiles are either woven or 
nonwoven. Woven geo-textiles are made of monofilament, multifilament, or fibrillated 
yarns, or of slit films and tapes. The weaving process is as old as Homo Sapiens’ textile 
cloth-making. Nonwoven textile manufacture is a modern development, a high tech 
process industry, in which synthetic polymer fibers or filaments are continuously extruded 
and spun, blown or otherwise laid onto a moving belt. Then the mass of filaments or fibers 
are either needle-punched, in which the filaments are mechanically entangled by a series 
of small needles, or heat bonded, in which the fibers are welded together by heat and or 
pressure at their points of contact in the nonwoven mass. 

The manufacture of geo-textile-related products is as varied as the products 
themselves. Geo-nets, geo-synthetic erosion mats, geo-grids, etc., can be made from 
large and often rather stiff filaments formed into a mesh with integral junctions or which 
are welded or glued at the crossover points. Geo-grids with integral junctions are 
manufactured by extruding and orient ting sheets of polyolefin. These types of geo-grids 
are usually called stiff geo-grids. Geo-grids are also manufactured of polyester yarn, 
joined at the crossover points by a knitting or weaving process, and encased with a 
polymer-based, plasticized coating. These types of geo-grids are generally called flexible 
geo-grids. 

https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Geotextiles
https://en.wikipedia.org/wiki/Geogrid
https://en.wikipedia.org/wiki/Geonets
https://en.wikipedia.org/wiki/Geomembranes
https://en.wikipedia.org/wiki/Geosynthetic_clay_liners
https://en.wikipedia.org/wiki/Geofoam
https://en.wikipedia.org/wiki/Cellular_confinement
https://en.wikipedia.org/wiki/Geocomposites
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Geo-composites result when two or more materials are combined in the 
geosynthetic manufacturing process. Most are used in highway drainage applications and 
waste containment. A common example of geo-composites is a prefabricated drain 
formed by wrapping a fluted or dimpled polymeric sheet, which acts as a conduit for water, 
with a geo-textile which acts as a filter. 

Geo-synthetics are generically classified by: 

1. Polymer (descriptive terms, e.g., high density, low density, etc. should be 
included); 

2. Type of element (e.g., filament, yarn, strand, rib, coated rib), if appropriate; 
3. Distinctive manufacturing process (e.g., woven, needle-punched  nonwoven, heat-

bonded nonwoven, stitch-bonded, extruded, knitted, roughened sheet, smooth 
sheet), if appropriate; 

4. Primary type of geosynthetic (e.g., geo-textile, geo-grid, geo-membranes, etc.);  
5. Mass per unit area, if appropriate (e.g., for geo-textiles, geo-grids, erosion control 

blankets,) and/or thickness, if appropriate (e.g., for geo-membranes); and 
6. Any additional information or physical properties necessary to describe the 

material in relation to specific applications. 
Two types of diagrammatic representation of classification of geo-synthetic 

materials are given below: 
4.1 CLASSIFICATION OF GEOSYNTHETICS 

Permeable Semi-Permeable/ Impermeable 

1. Geotextile                        1.1  Woven: 

Continuous filament- Mono or Multi , Slit film 

or other natural fibres  

1.2 Nonwoven  :Continuous filament- needle   

punched   or thermally bonded, staple fibre 

or naturalfibers                                                           

1.3 Knitted  

2. Geocomposites                                                   

2.1 Drainage Liner                                                

2.2 Geomat / Geomattresses                              

2.3  Prefabricated Vertical Drain (PVD) 

 2.4 Geocomposite Pavement Panel Drain    

3. Erosion Control Blankets (ECB) 

4. Turf Reinforcement Mats (TRM) 

5. Geonets 

6. Geogrids                                                              

6.1 Woven                                                           

6.2 Knitted                                                            

6.3 Extruded or moulded  

7. Geo-bag/tubes      

8. Alternative Daily Covers (ADC) 

1. Geosynthetic Clay Liner (GCL) 

2. Perforated Geocells 

3. Geocells 

4. Geomembranes                                           

4.1Smooth                                                          

4.2Texturised                                                                  

4.3 Prefabricated 

Bituminous 

5. Geofoam                                                                     

5.1Rigid Cellular Polystyrene                                         

5.2 Expanded Polystyrene (EPS)  

6. Geostraps 
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4.2 FUNCTIONS OF GEOSYNTHETIC IN FLOOD MANAGEMENT WORKS 

Geo-synthetics have six primary functions: 

i. Filtration 
ii. Drainage 
iii. Separation 
iv. Reinforcement 
v. Fluid barrier, and 
vi. Protection 

Some of the above mentioned functions of geo-synthetics make them suitable for 
various flood management works. Geo-textiles are used as filters to prevent soils from 
migrating into drainage aggregate and pipes, while maintaining water flow through the 
system. They are similarly used below riprap and other armor materials in coastal and 
stream bank protection systems to prevent soil erosion.  

Geo-textiles and geo-composites can also be used as drainage, or lateral 
transmission media, by allowing water to drain from or through soils of lower permeability.  

Geo-grids and geo-textiles can also be used as reinforcement to add tensile 
strength to a soil matrix, thereby providing a more competent structural material. 
Reinforcement enables flood embankment to be constructed over very soft foundations 
and permits the construction of steep slopes.  

Geo-synthetics also act as stress relief layers. Temporary geosynthetic blankets 
and permanent geosynthetic mats are placed over the soil to reduce erosion caused by 
water flow shear stresses.  

 Various applications of Geosynthetic can be summarized in the following manners: 

o Geotextile for Separation, Filteration, Landfill lining  

o Geo-grids: Reinforcement, Ground stabilisation  

o Drainage Composite: Effective Drainage control behind retaining walls, over 
steep slopes, On sides of canals, Landfill Lining  

o Erosion Control  Mats-Coir Mats, Geo-mats: Surface erosion Control and 
enhance the growth of Vegetation  

o Soil reinforcement with Gabion Facia/ Sloped vegetative facia: Steep Slope 
Stabilisation, Earth Retention  

o Galvanised wire/PVC coated galvanized wire mesh Gabions:Earth 
Retention, Erosion Control, Toe Stabilisation  (IS 16014:2012) 

o Geo-membranes and Geosynthetic Clay Liners: Impermeability, Canal 
Lining. Landfill lining  

Product Primary Functions 

Separation Reinforcement Filtration Drainage Containment 

Geo-textile √ √ √ √ √ 

Geo-grid  √    

Geo-strap  √    

Geo-foam √     

Geo-net    √  

Geo-membrane     √ 

Geo-cells √ √   √ 

Geo-composite √ √ √ √ √ 

Geo-synthetic Clay 
Liner 

    √ 

Geo-textile tube & bag     √ 



20 

 

5. GEO-SYNTHETICS  PROPERTIES, TESTS AND 
EVALUATION 

The characteristics of geo-textiles are broadly classified as: 

5.1 Physical properties: (Least important) 

i. Mass 
ii. Thickness 
iii. Density  
iv. Roll Width 
v. Roll Length 
vi. Batch Number 

5.2  Mechanical properties: (Medium importance) 

i. Tensile strength & Elongation 
ii. Bursting strength 
iii. Grab strength & elongation 
iv. Trapezoid tear strength 
v. Pore size 

5.3  Hydraulic properties: (High Importance) 

i. Water permeability/ permittivity 
ii. Water permeability under Load 
iii. Apparent Opening size 
iv. Percent open area  
v. Hydraulic Transmissivity  
vi. Soil-Geo-textile Clogging Potential  
vii. Filtration Efficiency for silt fence application 
viii. Hydraulic Conductivity Ratio (HCR) 

5.4 Durability properties: (High importance)  

i. Abrasion resistance 
ii. Biodegradation 
iii. Chemical Resistance 
iv. UV light resistance 

The Durability criteria for Geosynthetic material shall be aligned 
with the applications for the uniformity . 

5.5 Endurance properties: (High importance) 

i. CBR / Index Puncture Resistance 
ii. Installation damage 
iii. Creep & Creep rupture behavior  
iv. Horizontal Pull out Resistance  

5.6 Endurance properties: (High importance) 

i. CBR / Index Puncture Resistance 
ii. Installation damage 
iii. Creep & Creep rupture behavior  
iv. Horizontal Pull out Resistance  

5.7 Soil – Geosynthetic and Geosynthetic- properties 

i. Friction 
ii. Pull out strength 

 

5.8 Environmental resistance properties,  

i. temperature,  
ii. chemicals,  
iii. bacteria,  
iv. light and weather 

Brief descriptions of some of the Hydraulic properties of geo-textiles are presented below: 
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5.9 Hydraulic Properties: Hydraulic properties relate to the pore size distribution of 

the geosynthetic biological agents. Ionics deposits as well as slime growth have 

been known to clog filter systems (granular filters as well as geo-textiles). 

The ability of a geo-textile to retain soil particles is directly related to its apparent 

opening size (AOS) which is the apparent largest hole in the geo-textile. The AOS 

value is equal to the size of the largest particle that can effectively pass through 

the geo-textile in a dry sieving test. 

The ability of water to pass through a geo-textile over the life of the project is 

dependent on its filtration potential or its ability not to clog with soil particles. 

Essentially, if the finer particles of soil can pass through the geo-textile, it should 

not clog. Effective filtration can be evaluated through relations between the geo-

textile’s pore size distribution and the soil’s grain size distribution; however, such 

formulations are still in the development phase. For a precise evaluation, 

laboratory performance testing of the proposed soil and candidate geo-textile 

should be  

conducted. Some additional hydraulic properties often required in filtration design 

are the Percent Open Area (POA) and the porosity. 

5.9.1 Apparent opening Size determination by Dry Sieving: The pore size 

distribution of the fabric is determined by sieving dry spherical solid glass 

beads for a specified time at a specified frequency of vibration and then 

measuring the amount retained by the fabric sample. The test is carried 

out on a range of sizes of glass beads. The apparent pore size distribution 

is presented on a graph using scales compatible with soil grading curves. 

In addition, the apparent opening size as per BIS 14294-1995 (O95) is 

determined, this being the pore size at which 95% of the glass beads are 

retained on and within the fabric. This test provides information on the 

pore size distribution which is an important parameter to be used in 

assessing a geo-textile's soil filtration capability.  

5.9.2 Percent Open Area Determination for Woven Geo-textiles: A small 

section of the fabric is held within a standard slide cover, inserted into a 

projector and the magnified image traced on to a sheet of paper. Using a 

planimeter, the magnified open spaces can be measured and expressed 

as a percentage of whole area. The test is primarily applicable to 

monofilament woven fabrics. The test provides information on pore size 

openings which is important in assessing a geo-textile's soil filtration 

capability.  

Whilst most geo-synthetics are manufactured from polymers, which are 

relatively inert materials, some are more susceptible to chemical, 

biological or mechanical damage than others. Durability must be 

considered for both installation and in service. To quote a leading 

consultant “a layer of cling film has a lower permeability than a metre of 

compacted clay”. Areas to consider are:  

5.9.3 UV resistance: The performance of most polymers is degraded, to 

different extents, by ultra violet light (UV). The polymer bonds breakdown 

and this can result in a loss in properties. If geo-synthetics are to be 
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exposed for more than 30 days, it is recommended that they should 

contain a well-dispersed UV inhibitor that protects the polymer chains. 

Carbon black is the most cost-effective agent for these purposes. 

Specifications should therefore include an accurate description of the type 

of UV protection and the concentration by weight - 1% is typical. This 

should be the concentration of the carbon black and not the weight of 

carbon black dispersion that is added to the polymer. Carbon black 

comprises very fine particles that are difficult to handle. It is normal to mix 

the particles with a carrier to make a dispersion that is easier to handle. 

So, 2.5% by weight of the dispersion could be added but this equates to 

1% carbon black. 

5.9.4 Chemical and biological resistance: Some geo-synthetics are used in 

aggressive environments such as in the containment of landfills and 

contaminated land. As the rate of chemical attack relates directly to the 

surface area available it is important for Engineers to request proof of 

stability with the specific chemicals present. This information, generated 

by the polymer manufacturers, should be available from the geosynthetic 

manufacturer. In some instances it may be necessary to carry out a 

specific immersion test at elevated temperatures using the actual mix of 

chemicals 

5.9.5 Other Durability Properties: Other properties that require consideration 

are related to durability and longevity. Exposure to ultraviolet light can 

degrade some geosynthetic properties. The geosynthetic polymer must be 

computable with the environment chemistry. The environment should be 

checked for  such items as high and low pH, chlorides, organics and 

oxidation agents such as ferruginous soils which contain Fe2SO3, 

calcareous soils, and acid sulphate soils that may deteriorate of the 

geosynthetic in time. Other possible detrimental environmental factors 

include chemical solvents, diesel, and other fuels. Each geosynthetic is 

different in its resistance to aging and attack by chemical and biological 

agents. Therefore, each product must be investigated individually to 

determine the effects of these durability factors. The geosynthetic 

manufacturer should supply the results of product exposure studies, 

including, but not limited to, strength reduction due to aging, deterioration 

in ultraviolet light, chemical attack, microbiological attack, environmental 

stress cracking, hydrolysis, and any possible synergism between 

individual factors. 

5.9.6 Mechanical damage resistance: The rigorus of installation can often be 

more demanding than the ultimate in-service requirements. Site damage 

tests can be specified such as rock drop tests for coastal applications. 

Laboratory tests have been developed to closely simulate in-service 

conditions. One of these is the Cylinder test that evaluates the 

performance of geo-textile protector, liner and drainage aggregate 

combinations. 

5.9.7 Toxicity: Geo-synthetics are frequently used where surface or ground 

water regulations apply. Evidence must be provided to confirm that no 

materials will migrate or be extracted from the geosynthetic. Alternatively, 

that the nature or the levels of any extracts do no present a risk to the 

environment. 
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5.9.8 Creep: Creep is a time-dependent mechanical property. It is strain at 

constant load. Short term creep strain is strongly influenced by the 

geosynthetic structure. Geo-grids and woven geo-textiles have the least; 

heat-bonded geo-textiles have intermediate; and needled geo-textiles 

have the most. Longer-term creep rates are controlled by structure and 

polymer type. Of the most common polymers, polyester has lower creep 

rates than polypropylene. The creep limit is the most important creep 

characteristic. It is the load per unit width above which the geosynthetic 

will creep to rupture. The creep limit is controlled by the polymer and 

ranges from 20% to 60% of the material’s ultimate strength.  

5.9.9 Friction (Shear): Soil-geosynthetic and geosynthetic-geosynthetic friction 

are important properties. It is common to assume a soil-geo-textile friction 

value between 2/3 and 1 of the soil angle of friction. For geo-grid 

materials, the value approaches the full friction angle. Caution is advised 

for geo-membranes where soil- geo-synthetic friction angle may be much 

lower than the soil angle of friction. For important application, tests are 

justified.  

5.10 Mass per Unit Area: The unit weight of geo-synthetic is measured in terms 

of Mass per Unit Area. This property is mainly used to identify the 

category of materials.  

5.11 Thickness:   Thickness is not usually required information for geo-textiles 

except in permeability-flow calculations. It is used as a primary identifier 

for geo-membranes. It must be measured under a specified normal stress. 

The nominal thickness used for product comparison is measured under a 

normal stress of 2 kPa for geo-textiles and 20 kPa(even at 200 kPa) for 

geo-grids and geo-membranes. 

5.12 Tensile Strength: To understand the load-strain characteristics, it is 

important to consider the complete load-strain curve. It is also important to 

consider the nature of the test and the testing environment. With most 

materials, it is usual to use stress in strength and modulus determination. 

However, because of the thin, two-dimensional nature of geo-synthetics, it 

is awkward to use stress. Therefore, it is conventional with geo-synthetics 

to use force per unit length along the edge of the material. Then, strength 

and modulus have unit of FL-1 (i.e. kN/m).  

5.13 Creep: Creep is a time-dependent mechanical property. It is strain at 

constant load. Short term creep strain is strongly influenced by the 

geosynthetic structure. Geo-grids and woven geo-textiles have the least; 

heat-bonded geo-textiles have intermediate; and needled geo-textiles 

have the most. Longer-term creep rates are controlled by structure and 

polymer type. Of the most common polymers, polyester has lower creep 

rates than polypropylene. The creep limit is the most important creep 

characteristic. It is the load per unit width above which the geosynthetic 

will creep to rupture. The creep limit is controlled by the polymer and 

ranges from 20% to 60% of the material’s ultimate strength.  

5.14 Friction (Shear): Soil-geosynthetic and geosynthetic-geosynthetic friction 

are important properties. It is common to assume a soil-geo-textile friction 

value between 2/3 and 1 of the soil angle of friction. For geo-grid 

materials, the value approaches the full friction angle. Caution is advised 

for geo-membranes where soil- geo-synthetic friction angle may be much 
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lower than the soil angle of friction. For important application, tests are 

justified.  

5.15 Durability Properties:Other properties that require consideration are related 

to durability and longevity. Exposure to ultraviolet light can degrade some 

geosynthetic properties. The geosynthetic polymer must be computable 

with the environment chemistry. The environment should be checked for  

such items as high and low pH, chlorides, organics and oxidation agents 

such as ferruginous soils which contain Fe2SO3, calcareous soils, and 

acid sulphate soils that may deteriorate of the geosynthetic in time. Other 

possible detrimental environmental factors include chemical solvents, 

diesel, and other fuels. Each geosynthetic is different in its resistance to 

aging and attack by chemical and biological agents. Therefore, each 

product must be investigated individually to determine the effects of these 

durability factors. The geosynthetic manufacturer should supply the 

results of product exposure studies, including, but not limited to, strength 

reduction due to aging, deterioration in ultraviolet light, chemical attack, 

microbiological attack, environmental stress cracking, hydrolysis, and any 

possible synergism between individual factors. 

5.16 Hydraulic Properties:Hydraulic properties relate to the pore size distribution 

of the geosynthetic and correspondingly its ability to retain soil particles 

over the life of the project while allowing water to pass. Hydraulic 

properties may also be affected by chemical and biological agents. Ionics 

deposits as well as slime growth have been known to clog filter systems 

(granular filters as well as geo-textiles). 

The ability of a geo-textile to retain soil particles is directly related to its 
apparent opening size (AOS) which is the apparent largest hole in the 
geo-textile. The AOS value is equal to the size of the largest particle that 
can effectively pass through the geo-textile in a dry sieving test. 

The ability of water to pass through a geo-textile over the life of the project 
is dependent on its filtration potential or its ability not to clog with soil 
particles. Essentially, if the finer particles of soil can pass through the geo-
textile, it should not clog. Effective filtration can be evaluated through 
relations between the geo-textile’s pore size distribution and the soil’s 
grain size distribution; however, such formulations are still in the 
development phase. For a precise evaluation, laboratory performance 
testing of the proposed soil and candidate geo-textile should be 
conducted. Some additional hydraulic properties often required in filtration 
design are the Percent Open Area (POA) and the porosity. 

5.17 Other properties 

Whilst most geo-synthetics are manufactured from polymers, which are 
relatively inert materials, some are more susceptible to chemical, 
biological or mechanical damage than others. Durability must be 
considered for both installation and in service. To quote a leading 
consultant “a layer of cling film has a lower permeability than a metre of 
compacted clay”. Areas to consider are: 

5.18 Standard Test for Evaluation of GeosyntheticProperties 

5.18.1 Index tests: The tests on geo-textiles include index tests and performance 

tests. Index tests do not produce an actual design property in most cases, 

but they do provide a general value from which the property of interest can 
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be qualitatively assessed. Index tests are primarily used by manufacturers 

for quality control purposes. When determined using identical test 

procedures, index tests can be used for product comparison, 

specifications, and quality control evaluation. 

5.18.2 Performance tests: On the other hand, performance tests require testing 

of geosynthetic with its companion material (e.g. soil) to obtain a direct 

assessment of the property of interest. Since performance tests should be 

performed under specific design conditions with soils from the site, 

manufacturers should not be expected to have the capability or the 

responsibility to perform such tests.These tests should be performed 

under the direction of the design engineer. Performance tests are not 

normally used in specifications; rather, geo-synthetics should be 

preselected for performance testing based on index values, or 

performance test results should be correlated to index values for use in 

specifications.   

5.19  Types of tests: 

 Tests for evaluation of Physical properties:  Thickness, Unit Weight or 
Mass per unit area. 

 Tests for evaluation of Mechanical properties: Tests for Wide Width tensile 
strength, grab tensile strength, tear strength, Static puncture strength, 
Burst strength, Cone drop penetration Seam strength, Creep test, UV test 
etc. 

 Tests for evaluation of Hydraulic properties: Apparent  opening size, 
Permeability (Cross and In-plane), Clogging test , Gradient ratio test, 
Hydraulic conductivity ratio test 

 Tests for evaluation of Environmental resistance properties, such as 
temperature, chemicals, bacteria, light and weather 

5.20 Tests for Physical Properties 

5.20.1 Mass/Unit Area: The mass per unit area is determined by cutting from a 

roll a minimum of 10 specimens of square shape each side should be100 

mm, and then weighing the specimens on an accurate balance. This 

simple test is frequently used for quality control and can help identify the 

material. It is an important property to measure as fabric cost is directly 

related to mass/unit area.  

5.20.2 Nominal Thickness/Dimensions: The nominal thickness is determined by 

placing a sample of the geo-textile on a plane reference plate and 

applying a pressure of 2 kN/m2 through a circular pressure plate with a 

cross-sectional area of 2500 mm2. A vernier gauge measures the distance 

between the reference plate and pressure plate. The test is useful for 

quality control and classification of geo-textiles.  

5.21  Tests for Hydraulic Properties 

5.21.1 Apparent Pore Size Distribution by Dry Sieving: The pore size 

distribution of thefabric is determined by sieving dry spherical solid glass 

beads for a specified time at a specified frequency of vibration and then 

measuring the amount retained by the fabric sample. The test is carried 

out on a range of sizes of glass beads. The apparent pore size distribution 

is presented on a graph using scales compatible with soil grading curves. 

In addition, the apparent opening size (090) is determined, this being the 
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pore size at which 90% of the glass beads are retained on and within the 

fabric. This test provides information on the pore size distribution which is 

an important parameter to be used in assessing a geo-textile's soil 

filtration capability.  

5.21.2 Percent Open Area Determination for Woven Geo-textiles: A small 

section of the fabric is held within a standard slide cover, inserted into a 

projector and the magnified image traced on to a sheet of paper. Using a 

planimeter, the magnified open spaces can be measured and expressed 

as a percentage of whole area. The test is primarily applicable to 

monofilament woven fabrics. The test provides information on pore size 

openings which is important in assessing a geo-textile's soil filtration 

capability.  

5.21.3 Water Permeability of Geosynthetic-Permittivity Method: This test 

measures the quantity of water which can pass through a geo-textile 

(normal to the plane) in an isolated condition. The permeability may be 

measured either in a constant head or falling head test, although constant 

head testing is more common due to the high flow rates through geo-

textiles. Since there are geo-textiles of various thicknesses available it is 

better to evaluate them in terms of permittivity, which relates the quantity 

of water passing through a geo-textile under a given head over a particular 

cross-sectional area.  

5.21.4 Constant Head Hydraulic Transmissivity: This method may be used to 

estimate the in-plane permeability of a geo-textile or a composite drain. 

The sample is confined, at varying normal stresses, and the flow under a 

constant head is measured. This test is useful for classifying geo-textiles 

and geo-composite drains and will provide information to allow 

comparisons of in- plane permeability of geo-textiles to be made. 

However, in drainage and filtration applications, the influence of in-soil 

confinement should be established prior to selecting a geo-textile. 

5.21.5 Filtration tests: The ability of water to pass through a geo-textile is 

determined from its hydraulic conductivity (coefficient of permeability, k) as 

measured in a permeability test. The flow capacity of the material can then 

be determined from Darcy’s law. Due to the compressibility of geo-textiles, 

the permittivity (permeability divided by thickness) is often determined 

from the test and used to directly evaluate flow capacity.  

5.21.6 Gradient ratio test (ASTM D 5101). This test is primarily suitable for sandy 

and silty soils (k ≤ 10-7 m/.s). In this test, a rigid wall permeameter, with 

strategically located pyrometer ports, is used to obtain a ratio of the head 

loss in the soil to the head loss at the soil geo-textile interface under 

different hydraulic gradients. Although the procedure indicates that the test 

may be terminated after 24 hours, to obtain meaningful results, the test 

should be continued until stabilization of the flow has clearly occurred. 

This may occur within 24 hours, but could require several weeks. A 

gradient ratio of 1 or less is preferred. Less than 1 is an indication that a 

more open filter bridge has developed in the soil adjacent to the geo-

textile. However, a continued decrease in the gradient ratio indicates 

piping, and an alternate geo-textile should be evaluated. A high gradient 

ratio indicates a flow reduction at the geo-textile. If the gradient ratio 

approaches 3, the flow rate through the system should be carefully 
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evaluated with respect to design requirements. A continued increase in 

the gradient ratio indicates clogging, and the geo-textile is unacceptable.  

5.21.7 Hydraulic conductivity ratio (HCR) test (ASTM D 5567) should be 

considered For fine-grained soils,. This test uses a flexible wall 

permeameter and evaluates the long-term permeability under increasing 

gradients with respect to the short-term permeability of the system at the 

lowest hydraulic gradient. A decrease in HCR indicates a flow reduction in 

the system. Since measurements are not taken near the geo-textile-soil 

interface and soil permeability is not measured, it is questionable whether 

an HCR decrease is the result of flow reduction at the geo-textile or 

blinding within the soil matrix itself. An improvement to this method would 

be to include piezometer or transducers within these zones (after the 

gradient ratio method) to aid in interpretation of the results.  

5.21.8 Caltrans slurry filtration test: Other filtration tests for clogging potential 

include Caltrans slurry filtration test which was developed into the Fine 

Fraction filtration (f3test and the Long-Term Flow (LTF) test. According to 

some, all of these tests have serious disadvantages that make them less 

suitable than the Gradient Ratio (GR) test for determining the filtration 

behavior of the soil-geo-textile system.  

5.22 Tests for Mechanical Properties 

5.22.1 Tensile strength tests: There are several types of tensile strength 

tests. The plane-strain test represents the loading for many 

applications, but because it is complicated to perform, it is not a 

practical test for many routine applications. Therefore, it is 

approximated by a strip tensile test. Since many narrow strip 

geosynthetic specimens neck when strained, most applications use 

wide, short specimens. This is called a wide strip tensile test.  

5.22.2 Tensile Properties Using a Wide Width Strip: A specimen of the 

geo-textile, at least 200 mm wide, is clamped within the compressive 

jaws of a tensile testing machine which is capable of applying the 

load at a constant rate of strain. During loading, a load-strain curve is 

plotted and, from this, the maximum load, breaking load and the 

secant modulus at any specified strain may be determined.  

The tensile strength of geo-textiles and related materials is a very 

important property as virtually all applications rely on it either as the 

primary or secondary function. This test is useful for quality control 

and can also be used for design purposes. 

Geo-synthetics may have different strengths in different directions. 

Therefore, tests should be conducted in both principal directions. 

5.22.3 The grab tensile test is typically used in the specification of geo-

textiles and is an unusual test which is widely used. The grab 

method is applicable whenever it is desired to determine the 

“effective strength” of the fabric in use, that is, the strength of the 

material in a specific width, together with the additional strength 

contributed by adjacent material. There is no simple relationship 

between grab strength and tensile strength test. The grab tensile test 

normally uses 25 mm jaws to grip a 100 mm specimen. The strength 
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is reported as the total force needed to cause failure – not the force 

per unit width. It is not clear how the force is distributed across the 

sample. The effects of the specimen being wider than the grips 

depend on the geo-textile filament interaction. In nonwoven geo-

textiles, these effects are large. In woven geo-textiles, they are 

small.    

5.22.4 Puncture Strength of Geosynthetic: A specimen of the fabric is 

clamped, without tension, over an empty cylinder, and a solid steel 

rod is pushed through the fabric. A load indicator attached to the rod 

measures the force required to cause rupture. A CBR (soil) testing 

apparatus may be modified for this purpose.  

This is a common test used for quality control. The results of this test can also be 

used to assess the fabric's resistance to aggregate penetration, particularly in 

separation applications.  

5.22.5 Soil-Fabric Friction Tests: This is an adaptation of the direct shear 

test, in that the fabric is firmly fixed to the top half of the shear box 

and a standard laboratory soil is used in the bottom half. The force 

required to cause sliding between the fabric and soil is determined 

for different normal stresses and the shear strength parameters are 

obtained.  

The test is useful for quality control and may be used to compare different geo-

textiles. It is not a suitable test for assessing the parameters to be used for the 

analysis for reinforced soil. For reinforced soil applications the proposed fill 

material should be used in the test.  

5.22.6 The burst test is performed by applying a normal pressure (usually 

by air pressure) against a geosynthetic specimen clamped in a ring. 

The burst strength is given in Pascals. This is not the stress in the 

specimen – it is the normal stress against the geosynthetic at failure. 

The burst strength depends on the strength in all directions and is 

controlled by the minimum value. Burst strength is a function of the 

diameter of the test specimen; therefore, care must be taken in 

comparing tests.   

5.22.7 Creep tests: Creep tests can be run for any of the tensile test types, 

but are most frequently performed on a wide strip specimen by 

applying a constant load for a sustained period. Creep tests are 

influenced by the same factors as tensile load-strain tests – 

specimen length to width ratio, temperature, moisture, lateral 

restraint, and confinement.  

5.22.8 Friction tests: The direct friction test is simple in principle, but 

numerous details must be considered for accurate results. Recent 

procedures proposed by ASTM indicate a minimum shear box size 

of 300 mm by 300 mm to reduce boundary effects. For many 

geosynthetic, the friction angle is a function of the soils on each side 

of the geosynthetic and the normal stress; therefore, test conditions 

must model the actual field conditions. 
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5.23 A listing of some test standards regarding geo-textiles is given below: 

SN Test Parameter BIS BS ISO ASTM Other 

1.  

Glossary of terms for 
geosynthetics Terms 
used in materials and 
properties 

IS 13321 Part1 9862 9862 D 4439  

2.  
Sampling and 
preparation of test 
specimen 

IS 14706  9862 D 4354: BS EN 963 

3.  Identification on site   10320 D 4873 
BS EN 
30320 

4.  Mass/Unit Area IS 14716  
9864 
 

D 5261 BS EN 965 

5.  
Mass/unit area- non-
wovens 

IS 15891-Part1  9073 Part 1   

6.  Nominal Thickness IS 13162 Part 3  9863 Part 1 D 5199 BS EN 964 

7.  
Thickness non-wovens 
Part 2  

IS 15891-2  9073 Part 2   

8.  
Apparent Opening Size 
-dry sieving  

IS 14294 
6906 
Part 2 

 D 4751  

9.  

Pore Size 
Characteristics of     
Geo-textiles by 
Capillary Flow Test 

IS 16356  15901-1 D 6767  

10.  
 Apparent Opening 
Size - wet sieving 
 

IS 16237 
6906 
Part 2 

 12956 
 

  

11.  
Water Permeability of 
Geosynthetic- 
Permittivity Method 

IS 14324 
6906 
Part 3 

 11058 
D 4491 
 

 

12.  
Permittivity of geotextile 
under load 

  10776 D 5493  

13.  

Hydraulic 
Transmissivity (In plane 
water flow) of a Geo-
synthetic 

Doc TX 30 
(1192) 

6906 
Part 7 

12958 D 4716  

14.  

Hydraulic transmissivity 
(In plane water flow) of 
a Geo-synthetic by 
Radial Flow 

   D 6574   

15.  
Soil-Geo-textile System 
Clogging Potential by 
the Gradient Ratio 

IS 16389   D 5101  

16.  
Hydraulic conductivity 
ratio (HCR) test  

  11274 D 5567  

17.  
Grab tensile strength & 
elongation 

IS 16342  
 
13934-2 

D 4632  

18.  
Trapezoid tear strength 
(Geotextile) 

IS 14293 
 

  D 4533  

19.  
 Trapezoid tear 
strength of Nonwovens  
 

IS 15891-4  9073 Part 4 D 5587  

20.  
CBR Puncture 
resistance using 50mm 
probe 

IS 16078 
6906 
Part 4 

12236 D 6241  

21.  

Tensile Properties of 
Geo-textiles by the 
Wide-Width Strip 
Method  

IS 13162 Part 5 
6906 
Part 1  

10319 D 4595  

22.  
Tensile strength and 
elongation (50mm wide 
X 200mm) 

IS 1969-1  
IS 15891 Part 3 

 13934-1  D 5035  

23.  
Dynamic perforation by 
Cone Drop  

IS 13162 Part 4 
6906 part 
6 

13433  EN 918 
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SN Test Parameter BIS BS ISO ASTM Other 

24.  
Biological Clogging of 
Geo-textiles  

IS 16389   D 1987  

25.  
Mullen burst test- 
diaphragm bursting   

1966-1   D 3786  

26.  
Abrasion resistance of 
geotextile by sliding 
block 

14714  13427 
D 3886 
 

 

27.  Bursting Strength - Ball 1966-1  
3379 
9073-5 

D 6797 
D 3887 

 

28.  

Tensile Properties of 
Geo-grids by the Single 
or Multi-Rib Tensile 
Method 

Doc TX 30  
(1186) 
 

 13426 D 6637  

29.  
Tensile Creep & Creep 
rupture behaviour of 
geo-textile 

IS 14739 
6906 part 
5  

13431 D5262  

30.  
Strength of Sewn or 
Thermally Bonded 
Seams of Geo-textiles 

IS 15060  
10321 
13426 

D 4884  

31.  

Deterioration of Geo-
textile by Exposure to 
UV Light, Moisture & 
Heat (Xenon) 

IS 13162 Part 2  12224 D 4355  

32.  
Microbiological 
degradation 

  12961 
D 6691 
D 6954 

DIN EN 
12225 

33.  
Interface  between Soil 
& Geo-textile by Direct 
Shear Method 

IS 13326 Part 1 
6906 part 
8  

12957 Part 1 D 5321  

34.  
Bond Strength (Ply 
Adhesion) of Geo-
composites 

   D 7005  

35.  
Determining Geonet 
Breaking Force 

   D 7179  

36.  

Tensile Properties of 
Geo-grids by the Single 
or Multi-Rib Tensile 
Method 

Doc TX 30  
(1186) 

 13426 D 6637  

37.  

Oxidative Induction 
Time of Polyolefin Geo-
synthetics by High 
Pressure Differential 
Scanning Calorimetry 

  11357 
D 3895 
D 5885 

 

38.  
Determining the 
resistance to Oxidation 

  13438   

39.  
Chemical Resistance of 
Geo-synthetics / Geo-
textile to Liquids  

IS 16351   
D 5322 
D 6389 

DIN EN 
14030 

40.  
Index puncture 
resistance 

IS 16348   D 4833  

 

5.24 Specifications for  Geotextiles from Natural Fibres 

1.  
Guidelines for application of jute geotextile for rain water erosion control 
in road and railway embankments and hill slopes 

IS 14986 

2.  
Application of coir geotextiles (coir woven bhoovastra ) for rain water 
erosion control in roads, railway embankments and hill slopes - 
Guidelines 

IS 15872 

3.  
Geosynthetics-Guideline for installation of geotextile for permanent 
erosion control in hard armor systems 

IS 16344 
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5.25 Other BIS Standards on test methods  

 IS 13162(Part 3):1992 Geotextiles - Methods of test Part 3 Determination of 
thickness at specified pressure 

 IS 13325:1992 Method of tests for determination of tensile properties of extruded 
polymer geo-grids  using the wide strip 

 IS 14293:1995 Geotextiles - Method  of test for trapezoid tearing strength 

 IS 14324:1995 Geotextiles - Methods of test for determination of water 
permeability-permittivity  

 IS 14714:1999 Geotextiles-Determination of abrasion resistance  

 IS 14716:1999 Geotextiles- Determination of mass per unit area  

 IS 14739:1999 Geotextiles - Methods for determination of creep  

 IS 15868(Part 1):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir   

Bhoovastra) Methods of Test - Part 1 Determination of Mass Per Unit Area 

 IS 15868(Part 2):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir   

Bhoovastra) Methods of Test - Part 2 Determination of Thickness 

 IS 15868(Part 3):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir   

Bhoovastra) Methods of Test - Part 3 Determination of Percentage of Swell 

 IS 15868(Part 4):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir   

Bhoovastra) Methods of Test - Part 4 Determination of Water Absorption Capacity 

 IS 15868(Part 5):2008 Natural Fibre Geotextiles (Jute Geotextile And Coir   

Bhoovastra)  -  Methods of  Test - Part 5 Determination  of Smoldering Resistance 

 IS 15868(Part 6):2008 Natural Fibre Geotextiles (Jute Geotextiles and Coir   

Bhoovastra) Methods of Test - Part 6  Determination of Mesh Size of Coir 
Geotextiles By Overhead Projector Method 

 IS 16237:2014 Geo-Synthetics - Method for determination of apparent   

opening size by wet sieving 

 IS 16341:2015 Geosynthetics - Standard practice for exposure and   

retrieval of samples to evaluate installation damage of geosynthetics 

 IS 16342:2015 Geosynthetics - Method of test for grab breaking load   

and elongation of geotextiles 

 IS 16346:2015 Geosynthetics - Method of test for evaluation of stress   

crack resistance of polyolefin geomembranes using  notched constant  

tensile load test 

 IS 16348:2015 Geosynthetics - Method of test for index puncture   

resistance of geomembranes and related products 

 IS 16389:2015 Geosynthetics — Method of test for biological clogging of geotextile 
or soil/geotextile filters 

Other BIS Standards on Products 

 IS 14715(Part 1):2013 Jute Geo-Textiles - Part 1 Strengthening of sub grade in 
roads-Specification (First revision) 

 IS 14715(Part 2):2013 Jute Geo-Textiles - Part 2 Control of  bank erosion in  rivers and waterways (First revision) 
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 IS 15869:2008 Textiles-Open weave coir bhoovastra-Specification 

 IS 15909:2010 PVC Geo-membranes for lining-Specification  

 IS 15910:2010  Geo-Synthetics for highways - Specification  

 IS 16090:2013 Geo-Synthetics - Geo-textiles used as protection (or   

 Cushioning) materials - Specification 

 IS 16352:2015 Geosynthetics - High density polyethylene (HDPE)   

geomembranes for lining – Specification 

 IS 15351:2008 Textiles- Laminated high density polyethylene (HDPE) woven 
fabric (Geo-membrane) for water proof lining (First revision) 

5.26 Other BIS Standards on guidelines/Sampling/Glossary of terms 

 IS 13321(Part 1):1992 Glossary of terms for geosynthetics Part 1 Terms used in 
materials and properties 

 IS 14706:1999 Geotextiles - Sampling and preparation of test specimen 

 IS 14986:2001Guidelines for application of jute geotextile for rain water erosion 
control in road andrailway embankments and hill slopes 

 IS 15871:2009 Use of  coir geotextiles (Coir  Bhoovastra) in unpaved roads- 
Guidelines 

 IS 15872:2009 Application of coir geotextiles (coir woven bhoovastra )   

for rain water erosion control in roads, railway embankments and hill slopes - 
Guidelines 

IS 16343:2015 Geosynthetics - Guidelines for installation of geotexiles  

as pavement fabric 

 IS 16344:2015 Geosynthetics-Guidelines for installation of geotextile   

for permanent erosion control in hard armor systems 

 IS 16345:2015 Geosynthetics-Guidelines for installation of geotextile   

used in subgrade separation in pavement structures 

 IS 16355:2015 Geosynthetics-Guidelines for installation of geogrids  

used as soil reinforcement in mechanically stabilized earth (MSE)  

retaining structures 

 IS 16363:2015 Geosynthetics-Guidelines for installation of geotextile used in 
subsurface drainage application 

 IS 16349:2015 Geosynthetics— Guidelines for installation of geogrids used as 
reinforcement of base and subbase layers in pavement structures 

Textiles- Laminated high density polyethylene (HDPE) woven fabric 

 (Geo-membrane) for water proof lining (First revision) 

5.27 Other American Society of Testing Materials (ASTM) test standards 

 ASTM D3786: 1987: Hydraulic bursting strength of knitted goods and non-woven 
fabrics  

 ASTM D4354:1989: Sampling and prepara 

 tion of test specimens (BSEN963, ISO 9862:1990)  

 ASTM D4491:1992: Determination of water flow normal to the plane of geo-textile 
under a constant head (ISO 11058, BS 6906: Part 3: 1989)  
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 ASTM D4533: 1991: Trapezoidal tearing strength of geo-textiles  

 ASTM D4585:1988: Wide-width tensile tests (BSENISO10319, BS 6906: Part 1: 
1987)  

 ASTM D4632: 1991: Grab breaking load and elongation of geo-textiles  

 ASTM D4716:1987: Determination of in-plane water flow (ISO 12958, BS 6906: Part 
7: 1990)  

 ASTM D4751:1993: Determination of apparent pore size distribution by dry sieving 
(BS 6906: Part 2: 1989, ISO 12 956)  

 ASTM D4833:1988: Static puncture test (CBR) (BSENISO 12236, BS 6906: Part 4: 
1987)  

 ASTM D4833:1988: Dynamic perforation test (BSEN198, ISO 13 433, BS 6906: Part 
6:1990)  

 ASTM D4886:1988: Determination of sand-geo-textile frictional behaviour by direct 
shear (ISO12957 Part 1, BS 6906: Part 8 : 1991).  

 ASTM D5199:1992: Determination of thickness at specified pressures (BSEN964, 
BSENISO9863, ISO 9863:1990)  

 ASTM D5262:1992: Determination of creep (ISO 13341, BS 6906: Part 5: 1991)  

 ASTM D5261:1992 (Reapproved 2003): Determination of mass per unit area 
(BSEN965, ISO 9864) 

5.28 Other International Testing Standards for Geo-textiles 

British Standards (BS), European Norm (EN) and International Standards Organisation 
(ISO) all provide testing methods for geo-textiles and related products. Some of these test 
methods with respect to the tests discussed in the previous section are given for reference 
as follows. (Cross references for different standards are given in the bracket).  

 

5.29 British Standards 

 BS 6906: Part 1: 1987: Wide-width tensile tests (BSENISO10319, ASTM D4585:1988)  

 BS 6906: Part 2 : 1989 : Determination of apparent pore size distribution by dry sieving 
(ISO 12 956, ASTM D4751:1993)  

 BS 6906: Part 3: 1989: Determination of water flow normal to the plane of geo-textile 
under a constant head (ISO 11058, ASTM D4491:1992)  

 BS 6906: Part 4: 1987: Static puncture test (CBR) (BSENISO 12236, ASTM 
D4833:1988)  

 BS 6906: Part 5: 1991: Determination of creep (ISO 13341, ASTM D5262:1992)  

 BS 6906: Part 6: 1990: Dynamic perforation test (BSEN198, ISO13 433, ASTM 
D4833:1988)  

 BS 6906: Part 7: 1990: Determination of in-plane water flow (ISO 12958, ASTM 
D4716:1987)  

 BS 6906: Part 8: 1991: Determination of sand-geo-textile frictional behaviour by direct 
shear (ISO12957 Part 1, ASTM D4886:1988).  

5.30 DIN ( German ) Standards 

 Resistance to hydrolysis in water of geotextile by screening test method DIN EN 12447 

 Pull out resistance of geotextile in soil DIN EN 13738 

 Resistance to acid & alkali of geotextile by screening test method DIN EN 14030 
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 Microbial resistance of geotextile DIN EN 12225 

 Protection efficiency of geotextiles in contact with geosynthetics DIN EN 13719 

 Resistance to acid & alkali of geotextile by screening test method DIN EN 14030 

5.31 IndianStandards 

SN Test parameters. Test methods 

1  Thickness of Geotextile at specified pressure IS 13162-3 
2  Tensile strength by wide width strip method IS 13162-5 
3  Mass per unit area of geotextles IS 14716 
4  Trapezoid tear strength of geotextiles IS 14293 
5  Apparent opening  size by dry sieving method IS 14294 
6  Seam strength of geotextile by wide width method IS 15060 
7  Water permeability of geotextiles IS 14324 
8  Tensile strength & elongation of textiles IS 1969-1 
9  Abrasion of geotextile by sliding block method IS 14714 
10  Deterioration of Geotextiles by Exposure to Light, Moisture and Heat 

in a Xenon Arc Type Apparatus 
IS 13162-2 

11  Cone puncture resistance by falling cone IS 13162-4 
12  Creep & Creep rupture  behaviour IS 14739 

 Others 

 BSEN963: Sampling and preparation of test specimens (ISO 9862:1990, ASTM 
D4354:1989)  

 BSEN964: Determination of thickness at specified pressures (ISO 9863:1990, ASTM 
D5199:1992)  

 BSEN965: Determination of mass per unit area (ISO 9864:1990, ASTM D5261:1992)  

 BSEN30320: Geo-textiles - Identification on site (ISO 10320:1991)  

 BSENISO 10321: 1992: Tensile test for joints/seams by wide-width method 
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6. USE OF GEOSYNTHETIC FILTERS IN FLOOD 
MANAGEMENT WORKS 

 

For better performance of embankments, retaining walls, pavements and other 
structures, drains are provided to relieve hydrostatic pressure by allowing passage of 
water while preventing loss of soil. Traditionally granular filters are provided to serve these 
two functions. In last 25 years or so, geo-textile filters have emerged as a better 
alternative to traditional granular filter but since long term experience is limited, geo-
textiles should not be used as a substitute for granular filter within or on the upstream face 
of earth dams or within any inaccessible portion of the dam embankment. Caution is 
advised in using geo-textiles to wrap permanent piezometers and relief wells where they 
form part of the safety system of a water retaining structure. 

During monsoon period, rivers undergo bank and bed erosion at many stretches. 
Traditionally anti-erosion works to protect river bank and bed consists of a granular filter 
below the revetment and also below apron at Low Water Level (LWL). This anti-erosion 
work provides a good protection against erosion by preventing excessive migration of soil 
particles, while at the same time allowing water to flow freely through the filter layer. But 
this granular filter is often difficult to obtain, expensive to purchase, time consuming to 
install and segregates during placement, thus compromising its filtration ability. While the 
launching elements slide easily over the subsoil, they do not do so over each other. The 
falling apron, therefore, results in an about one-layer thick coverage. This layer is not 
stable and prone to loss of fines through the gaps in the protection. 

Many of the shortcomings of traditional filter can be overcome using geo-textiles. 
Specially, a single layer of geo-textile fabric can replace a graded filter comprising of two 
or three layers. Geo-textiles are easy to install, especially, working underwater becomes 
much easier because the filter system can be assembled above the water and lowered 
into position. On negative side, geo-textiles are sensitive to UV exposure and punching. 
Due care, therefore, must be taken while the installation of geo-textiles. Geo-textiles are 
comparatively costlier but more effective with longer serviceability. 

 

6.1 Problem: Bank Protection/Anti-erosion and River Training Works 

Stone and concrete revetments are often used on slope of river banks to prevent 
soil erosion. These armoured systems, when placed directly on the soil, have not 
sufficiently prevented erosion. River water level fluctuates between Lowest Water Level 
(LWL) and Highest Flood Level (HFL). This causes seepage in and out of the bank 
slopes. If the seepage is blocked by placing impermeable protection material, it leads to 
development of pore pressure which further destabilizes the bank slope.  

Further, the seeping water also removes the fine soil particles especially with 
receding flows. This leads to undermining the armoured protection, leading to failure of 
bank slope. 

As with trench drains, these fine soil particles are carried away with receding flows. 
This action eventually leads to undermining of the armor system. 

Similarly, armoured protection is also required on river bed close to the bank/toe. The 
armoured layer for protection of river bed also called as apron may consist of crated 
boulders, concrete blocks, sand bags etc. During high flows, the discharge intensity (q) 
increases, causing erosion of river bed. Even when it is protected, fine soil particles are 
removed from between the voids of the armoured layer. Hence a properly designed 
graded filter is to be provided below the armoured layer on the river bed. 
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6.2 Typical Solution using Graded Filter 

To ensure success of the armoured layer on bank/slope, graded filter has to be 
provided below the armoured layer or pitching. The purpose of the graded filter is to allow 
water to flow through it while preventing fine soil particles from being washed away along 
with water. The design of graded filter is based upon the particle size distribution of the 
soil on the bank. Under the conditions where the availability of conventional filter material 
is a concern and in underwater application, the geotextile can be used as filter 

 

Similarly, the armoured layer/apron provided on river bed also needs graded filter 
below it to prevent removal of soil fines of the bed through the voids of the armoured 
layer. It is very difficult to provide graded filter on river bed. It is very difficult to provide 
graded filter as the geotextile prohibit the escape of particles through the voids in boulder 
apron. 

 

6.3 Design of Filters 

6.3.1 Design of Graded Filter as per IS 8237 

6.3.2 Provision of two layers of filter (coarse and fine) is usually necessary under 

Revetment/ foundation to prevent the waves from eroding and washing out the 

underlying embankment material. Also, since the Revetment/ foundation is 

generally poorly graded due to predominance of one size material, the provision 

of adequate filter is essential. 

6.3.3 The thickness and number of layers of filter are mainly governed by considerations 

of intensity of wave action gradation of Revetment/ foundation, gradation of 

embankment material and ease of construction. 

6.3.4 Thickness of each of the two layers shall not be less than 150 mm under hand 

placed Revetment/ foundation and 200 mm under dumped Revetment/ 

foundation. 

6.3.5 Course filter material of the graded inverted filter with respect to  riprap material 

should roughly conform to the following design criteria: 

 

The graduation requirements for the fine filter with respect to embankment 
material should conform to the following criteria: 

 

The two layers of filter shall also satisfy these criteria with respect to each 
other. Where the embankment material satisfies this criterion with respect to 
coarse filter, fine filter could be omitted. 

6.3.6 Filter material for the revetment/ foundation shall consist of gravel/metal/crushed 

rocks or sand of medium to coarse sizes. They shall satisfy the required 

gradation criteria. Filters with large percentage of fines are not desirable. 

IS 6966 (PART 1) provisions regarding graded filter: 

i. The graded inverted filter should roughly conform to the following design criteria: 
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NOTE — D15 and D85 denote grain sizes. D15 is the size such that 15 percent of the 
soil grains are smaller than that particular size. D85 is the size such that 85 percent 
of the soil grains are smaller than that particular size.  

ii. The filter may be provided in two or more layers. The grain size curves of the filter 
layers and the base material shall be roughly parallel. 

 

6.4 Design of Bank Protection/ Anti-Erosion/ River Training works using 

Geosynthetic Filters 

Geo-textiles are frequently used in armoured erosion control and drainage applications. 
Geo-textiles are used to retain soil particles while allowing liquid to pass freely. Designing 
with geo-textiles for filtration is essentially the same as designing graded granular filters. 

Mechanism of Filtration 

A filter should prevent excessive migration of soil particles, while at the same time 
allowing liquid to flow freely through the filter layer. Filtration is therefore summarized by 
two seemingly conflicting requirements: 

1. The filter must retain soil, implying that the largest size of filter pore spaces or openings 
should be smaller than a specified maximum value; and 

2. The filter must be permeable enough to allow a relatively free flow through it, implying 
that the openings of the geo-textile filter are sufficiently large enough and in large 
number to allow water flow while preventing clogging. 

 
6.5 Design Philosophy 

The design philosophy includes the estimation of scouring potential of river which is a 
function of the discharge intensity and lacey’s scour depth.  The fineness of river bed 
material is indicated in terms of silt factor which along with discharge intensity governs the 
lacey’s scour depth. The thickness of sloped bank pitching is determined on the basis of 
velocity of flow along the bank. Thickness and length of launching apron is determined 
once the scour depth, High Flood Level (HFL), and Low Water Level (LWL) are known. 
Proper drainage arrangement behind revetment is necessary. A suitable filter is also 
provided below the sloped pitching and launching apron to prevent fine soil particles from 
being removed. 
 
The provisions regarding Design of revetment and design of apron are available in IS 
14262 and IS 10751 respectively and the same are appended as Annex –I 

 

6.6 Design of Geosynthetic Filter  

Before the introduction of geo-textiles, granular materials were widely used as filters for 
geotechnical engineering applications. Drainage criteria for geo-textile filters are largely 
derived from those for granular filters. The criteria for both are, therefore, similar. In 
addition to retention and permeability criteria, several other considerations are required for 
geo-textile filter design. Some considerations are noted below: 

1. Retention: Ensures that the geo-textile openings are small enough to prevent 
excessive migration of soil particles. 

2. Permeability: Ensures that the geo-textile is permeable enough to allow liquids to 
pass through without causing significant upstream pressure build-up. 

3. Anti-clogging: Ensures that the geo-textile has adequate openings, preventing 
trapped soil from clogging openings and affecting permeability. 

4. Survivability: Ensures that the geo-textile is strong enough to resist damage 
during installation. 
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5. Durability: Ensures that the geo-textile is resilient to adverse chemical, biological 
and ultraviolet (UV) light exposure for the design life of the project. 

The specified numerical criteria for geo-textile filter requirements depends on the 
application of the filter, filter boundary conditions, properties of the soil being filtered, and 
construction methods used to install the filter. These factors are discussed in the following 
step-by-step geo-textile design methodology. 

 

6.7 Design Methodology 

The proposed design methodology represents years of research and experience in geo-
textile filtration design. The approach presents a logical progression through seven steps. 

Step 1: Determine Soil Retention Requirements 

Step 2: Define Boundary Conditions 

Step 3: Define the Application of Filter Requirements 

Step 4: Determine Permeability Requirements 

Step 5: Determine Anti-Clogging Requirements 

Step 6: Determine Survivability Requirements 

Step 7: Determine Durability Requirements 

 

STEP 1: DETERMINE SOIL RETENTION REQUIREMENTS 

 

Analysis of the soil to be protected is critical to proper filtration design. The 
particle-size distribution of the soil to be protected should be determined using test 
method IS: 2720 part-4. The grain size distribution curve is used to determine parameters 
necessary for the selection of numerical retention criteria. 

The maximum allowable opening size (O95) of the geo-textile is one that will 
provide adequate soil retention. It is also known as the geo-textile’s Apparent Opening 
Size (AOS) and is determined from test procedure IS 14294:1995.                   

 

STEP 2: DEFINE BOUNDARY CONDITIONS 

 

Confining Stress: The confining pressure is important for several reasons: 

1. High confining pressures tend to increase the relative density of coarse grained 
soil, increasing the soil’s resistance to particle movement. This affects the 
selection of retention criteria. 

2. High confining pressures decrease the hydraulic conductivity of fine grained soils, 
increasing the potential for soil to intrude into, or through, and the geo-textile filter. 

3. For all soil conditions, high confining pressures increase the potential for the geo-
textile and soil mass to intrude into the flow paths. This can reduce flow capacity 
within the drainage media, especially when geo-synthetic drainage cores are used. 

Flow Conditions: Flow conditions can be either steady-state or dynamic. Defining these 
conditions is important because the retention criteria for each are different. Examples of 
applications with steady-state flow conditions include standard dewatering drains, wall 
drains and leachate collection drains. Inland waterways and shoreline protection are 
typical examples of applications where waves or water currents cause dynamic flow 
conditions. 

STEP 3: DEFINE THE APPLICATION OF FILTER REQUIREMENTS 
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Geo-textile filters are used between the soil and drainage or armoring medium. 
Typical drainage media include natural materials such as gravel and sand, as well as geo-
synthetic materials such as geo-nets and cuspated drainage cores. Armoring material is 
often Revetment/ foundation or concrete blocks. Often, an armoring system includes a 
sand bedding layer beneath the surface armour. The armoring system can be considered 
to act as a “drain” for water seeping from the protected slope. 

Drainage Material: The drainage medium adjacent to the geo-textile must be identified. 
The primary reasons for this include: 

1. Large voids or high pore volume can influence the selection of the retention criterion 
2. Sharp contact points such as highly angular gravel or rock will influence the geo-

synthetic survivability requirements 

Retention vs. Permeability Trade-Off 

The drainage medium adjacent to the geo-textile often affects the selection of the 
retention criterion. Due to the conflicting nature of filter requirements, it is necessary to 
decide whether retention or permeability is the favoured filter characteristic. For example, 
a drainage material that has relatively small grain size (D15) requires a high degree of 
retention from the filter. Conversely, where the drainage material has large grain size 
(D85), the permeability and anti-clogging criteria are favoured. 

STEP 4: DETERMINE PERMEABILITY REQUIREMENTS 

Soil Permeability (ks): The soil permeability should be lab measured using representative 
field conditions in accordance with test procedure BIS 2720- part 36. 

Minimum Allowable Geosynthetic Permeability (kg): The requirement of geo-textile 
permeability can be affected by the filter application, flow conditions and soil type. The 
following equation can be used for all flow conditions to determine the minimum allowable 
geo-textile permeability (Giroud, 1988):  

kg ≥ is.ks ; where: 

kg = minimum allowable geo-textile permeability 

ks= the soil permeability 

is= desired hydraulic gradient (based upon the filtration application) 

Permeability of the geo-textile can be calculated from the permittivity test procedure (IS 
14324:1995). Geo-textile permeability is defined as the product of the permittivity, Ψ, and 
the geo-textile thickness, tg: 

kg= Ψ.tg 

STEP 5: DETERMINE ANTI-CLOGGING REQUIREMENTS(Refer para 7.8 ) 

To minimize the risk of clogging, one should follow the provisions of IS 14262. 

STEP 6: DETERMINE SURVIVABILITY REQUIREMENTS 

Minimum strength properties of geotextile shall be selected based on the severity of 
installation procedure and construction survivability. Selected geotextile shall be as per 
section 702 of MoRTH 

STEP 7: DETERMINE DURABILITY REQUIREMENTS 

During installation, if the geo-textile filter is exposed to sunlight for extended periods, high 
carbon black content and UV stabilizers are recommended for added resistance to UV 
degradation. Polypropylene is one of the most durable geo-textiles today. It is inert to 
most naturally occurring chemicals in civil engineering applications. 

However, if it is known that the geo-textile may exposed to adverse chemicals (such as in 
waste containment landfill applications), use test method IS 16351:2015 to determine its 
compatibility. 
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6.8 BIS Specifications (IS 14262): 

Geo-textile filters may be recommended because of ease in installation and their proven 
effectiveness as an integral part of protection works. A 15 cm layer of sand is provided 
over filter fabric to avoid its mechanical rupture by protection material 

The following criteria, depending on the gradation of bed material, may be used to select 
the correct filter fabric: 

a) For granular material containing 50 percent or less fines by weight, the following ratio 
should  be satisfied: 

 ≥ 1 

In order to reduce the chances of clogging, no fabric should be specified with an 
equivalent opening size smaller than 0.149 mm. Thus the equivalent opening size of 
fabric should not be smaller than 0.149 mm and should be equal to or less than 85 
percent passing size of the bed material. 

b) For bed material containing at least 50 percent but not more than 85 percent fines by 
weight, the equivalent opening size of filter should not be smaller than 0.149 mm and 
should not be larger than 0.21 1 mm. 

c) For bed material containing 85 percent or more of particles finer than 0.074 mm, it is 
suggested that use of non-woven geo-fabric filter having opening size and 
permeability compatible to the equivalent values given in a) above may be used. 

 

6.9 Specification of Geosynthetic material used in above works 

A geo-textile fabric is in the form of strong flexible sheets either woven or non-
woven. It is used in flood management works to improve soil quality and performance in 
different applications like lining, drainage, filtration, separation, reinforcement and 
protection.  

The basic raw material which is used in geo-textile is polymer and the most widely 
used polymers are polypropylene and polyester. Based upon the manufacturing process, 
geo-textile is often categorized as woven or non woven. Woven geo-textiles are 
manufactured by weaving weft thread through warp thread. While non woven geo-textile is 
produced from randomly distributed continuous or staple fibers which are bonded together 
chemically, thermally or mechanically. 

Geo-textile fabrics are used with specific strength and durability requirements as 
per the proposed work. The detailed technical specifications of the geo-textiles along with 
the test methods and their recommended values for each parameter are being described 
in the following paragraphs in detail: 

 

6.10  Woven Geosynthetic: 

The material should be woven with multifilament yarn in both warp and weft 
direction or non-woven needle punched type with Staple fibre. The geo-textile shall be 
preferably made of polypropylene. The material may have about 70% polypropylene and  

rest may be polyethylene or any other equivalent material. The standard roll length 
and width should be 100 m and 5 m. Unit weight should be more than 140 gm/Sqm. The 
average roll values of geo-textile should be as shown in the table- below: 
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Table:- Properties of Woven Geo-textile 

S 
No. 

Properties Marginal Value Reference for 
Test Method 

1 Tensile strength 
(Warp/Weft) 

≥ 28/26 KN / m IS 1969 (Part 1) 

2 Elongation at designated 
peak tensile load 
(Warp/Weft) 

≤ 25%/25% IS 1969 (Part 1) 

3 Trapezoid tear strength 
Warp/Weft) 

≥ 300 N/300N IS 14293:1995/ 

4 Puncture Strength ≥ 250 N IS 16348:2015/  

5 Apparent opening size >75 microns IS 14294:1995/ 

6 Permeability ≥ 10 l/m2/s IS 14324:1995/  

7 Thermal Stability Range of temperature to 
be specified by client.  

IS 16347:2015 

Polymer Type : Polyester/PP 

 Tensile Strength ≥ 20 kN/m IS 15891(Part 3): 

 Tensile Elongation ≥ 40% & ≤ 90% IS 13162-5 

 Puncture Resistance ≥ 0.40 kN   ≥ 60 kN IS 16348/ 

ASTM D 4833  

 Opening Size ≥0.07mm & ≤0.16mm IS 14294 

 UV Resistance 

Strength retained,% 

UV exposure time, hrs 

70/500 Hr 

≥ 70  

500 

IS 13162 part-2 / 
ASTM D 4355 

 Water permeability Range of permeability to 
be specified by user 
depending upon site 
conditions.          (>40 
l/m2/s) 

IS 14324 / 

ASTM D 4491 

 Tensile Strength ≥ 20 kN/m IS 15891(Part 3): 

    

Source: Handbook for Flood Protection, Anti Erosion and River Training Works, 
FMO, CWC 
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6.11 Non-Woven Geo-textile 
Table: Properties of Non–Woven Geo-textile   

Source: Handbook for Flood Protection, Anti Erosion and River Training Works, 
FMO, CWC 

Sl. No. Properties Marginal Value Reference for Test 
Method 

1. Polymer Type : Polyester/PP 

1 Tensile Strength ≥ 20 kN/m IS 15891(Part 3): 

2 Tensile Elongation ≥ 40% & ≤ 90% IS 13162-5 

3 Puncture Resistance ≥ 60 kN IS 16348  / 

ASTM D 4833  

4 Opening Size ≥0.07mm & ≤0.16mm IS 14294 

5 UV Resistance 

Strength retained,% 

UV exposure time, hrs 

70/500 Hr 

≥ 70  

500 

IS 13162 part-2 / 
ASTM D 4355 

6 Water permeability Range of permeability to 
be specified by user 
depending upon site 
conditions. (>40 l/m2/s) 

IS 14324 / 

ASTM D 4491 
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6.12 Installation Procedure 

 

6.12 Site Preparation 

 Subgrade shall be excavated to proper lines and grades based on construction 
plans.  

 Any over-excavated areas should be filled with backfill material and any 
depressions should be filled so that there are no depressions that exceed 6” (15 
cm) in depth. 

 The subgrade shall be fairly smooth and free of sharp objects and debris that may 
damage the geo-textile.  

 The soils should be proof rolled prior to geo-textile and backfill placement. The 
soils should be compacted to 95 percent of the relative density based on the 
Geotechnical Engineer’s recommendations.For each layer of the slope, repeat 
these preparation steps before laying the geo-textile. 

6.13 Geosynthetic Installation on Bank Slopes 

 Before unrolling the geo-textile, verify the roll for size, damage, and installation 
orientation according to construction plans and the Engineer. 

 Geo-textile should be placed in correct orientation as shown on the construction 
plans and approved by the Engineer. The Contractor should verify the orientation. 
The orientation of the geo-textile should be such that it is rolled in the direction of 
the slope– not perpendicular to it.  

 The geo-textile should be cut to length based on construction plans using an 
Engineer approved cutting tool. Each sheet of Geo-textile should be pulled out by 
hand to get rid of any wrinkles.  

 Adjacent sheets should be overlapped based on the soil properties. 

 The preceding steps should be repeated for additional sheets.  

 Each sheet may be secured in place using staples, pins, sandbags, backfill, or by 
other Engineer approved methods to help prevent disruption during the installation 
of adjacent sheets on the same elevation. Fixing of ends of geo-textiles by driving 
wooden pegs should be discouraged, however, if site conditions demand pegging 
by wooden wedges, the punctured part of geo textile shall be well overlapped by 
sound quality geo-textile.  

 Do not piece together separate sheets in the primary strength direction through 
any mechanical connection unless directed by Engineer. Each sheet should be 
installed as one continuous piece, extending the full length of the area.  
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 Only place the amount of geo-textile needed for the pending steps of construction 
to avoid excess exposure of the geo-textile to the elements. Any leftover exposed 
part of geo textile shall be covered with sand or locally available well spread soil.   

 After each layer of Geo-textile has been placed, the same shall be covered by 
compacting the overlying layer of soil according to the construction plans and the 
Engineer. For the slopes steeper than 1V:2H, slippage of soil layers may be there. 
Under such a situation, soil layer be laid and compacted in about 1m wide strips 
starting from the bottom most part of the slope. At localized places, tarza mat may 
be laid instead of sand/soil cushion.  

 Although care is required to be taken that geo textile should have continuous 
contact with the sub-grade, however, sufficient slackness to be kept for stretching 
of geo-textile by the component of weight of the pitching along the direction of 
slope.  

 Boulders of pitching are not to be directly dumped over the geo textile to prevent 
puncturing of the same. Boulders are to be stacked either on the soil cushion or 
over the some resilient material such as tarza mat.    

 After the soil layer has been completed, the next layer of Geo-textile can be 
installed by following all preceding steps.  

 Repeat all steps for each additional level according to the construction plans, until 
all levels are installed. 

6.14 Geo-textile Installation on River Bed below Apron 

 Before laying of apron at or below LWL, geo textile is to be laid for the complete 
length of the apron (along the slope) and complete width of roll of geo-textile 
avoiding any joint in between, e.g. for under water apron of length 30 m and 
width of roll of geo textile as 5m, geo-textile to be laid for coverage of 150 sq.m 
(30m x5m) at one go. Laying of geo-textile shall be done in the presence of site in 
charge. Adequate care is to be taken that no gap is to be left in the adjacent rows 
of geo-textile. To ensure that there is no gap between adjacent rows of geo-
textiles, there should be an overlap of the order of 0.5 m towards the river end of 
geo-textile by adjusting the position of the boat carrying that end.   

 For proper placing of the geo textile under water, the same is required to be tied 
to a locally available flexible medium which may be tarza mat (mat of split 
bamboo).  

 Tying with tarza mat should be done in the presence of authorized representative 
of the site engineer. Width of tarza mat should be equal or slightly greater than 
the width of the geo-textile. 

 Due care is to be taken that velocity of water at the time of laying of geo-textile 
should not exceed 1.5- 2.0 m/s. Even for velocity in the above range, the river 
side edge of geo textile tied to tarza mat be carried slightly upstream of the 
designated place of laying as due to water current, geo textile would be carried 
away slightly downstream. 

 In order to counter the effect of buoyancy over the geo-textile, the same is 
required to be loaded adequately the moment river end of geo-textile is released 
into the water. Loading can be done by dumping HDPE/ Empty Cement bags 
filled with locally available silt/soil. To ensure this the boat at the river side end of 
geo-textile should have adequate number of sand filled bags as well as workmen. 
Simultaneously, another boat is required to be stationed midway on the upstream 
side to put additional load over the geo-textile as well as to prevent the geo-
textile from twisting.  

Note:Dumping of boulders is not advisable as boulder may hit some sharp 
object on the river bed, thereby puncturing the geo textile. 
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 River side end of apron is required to be overlaid by apron in the first instance in 
order to pre-empt any chances of dislodging of geo-textile in the event of high 
discharges.  

 As soon as geo textile is laid, the work of placing of apron be taken up as 
prolonged gap between laying of geo textile and apron may result in dislodging of 
geo-textile.  

6.15 Quality Control and Assurance 

 Specification of material should conform as per the provisions in Para 7.9 above 

 Filter should be laid on fairly even ground properly dressed and free of debris and 
bushes etc.; depression or holes may be filled; seam or overlap filter fabric as  

required; uniform layer of sand may be provided over filter fabric; the protection 
material should not be dropped over filter fabric but placed gently. 

 All the current geo-textile polymers are relatively stable under normal 
temperature ranges. However, certain changes in mechanical properties may 
occur in some instances, especially in relation to stress-strain characteristics. At 
present, there is no BIS specification for the procedure of determining the effects 
of climatic temperature on the tensile strength and elongation properties of geo-
textiles. 

 The manufacturer provides the working temperature range of the geo-textile. The 
client should ensure that the temperature during transportation, storage and 
handling of the geo-textile does not exceed its working temperature range.  

 IS 13162 (Part 2):1992/ can be referred for standard test method for assessment 
of deterioration of geo-textiles by exposure to UV light. 

 Field Inspection &laying of geo-textile: Laying of geo-textile shall be done under 
the supervision of the site in charge. Laying of geo-textile under water should be 
done at least in the presence of concerned Assistant Engineer. Laying work shall 
be inspected time to time by the Executive Engineer.  

6.16 Cost Consideration 

There may be wide variation in the cost of geo textile depending upon type of 
material used and physical, mechanical and hydraulic properties of geo-textile.  However, 
with the passage of time, it is felt that due to improvements in the manufacturing 
technology and production on mass scale, the cost of geo-textiles would get stabilized and 
lowered for standard design parameters. To have an indicative idea of the 
costimplications, Irrigation and Waterways Deptt., Govt. of West Bengal has adopted 
supply rate of geo-textile.(Detailed specifications and rate enclosed as Annex – II.  
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7. USE OF GEOSYNTHETICS BAGS IN FLOOD 
MANAGEMENT WORKS 

Erosion is caused by a group of physical and chemical processes by which the soil 
or rock material is loosened, detached, and transported from one place to another by 
running water, waves, wind, moving ice, or other geological sheet and bank erosion 
agents. Clayey soils are less erodible than fine sands and silts.  

Boulders are used conventionally for revetment / apron in the country. It is neither 
cost effective (at location where its availability is less) nor environmental friendly. 
Transporting and handling the material to work site is also difficult. Geotextile bags is a 
appropriate alternative; which are cost effective in long term. Bags can be transported 
long distance and filled at site and also the handling the Geotextile bags is easier than 
boulders. They are also sufficiently durable if not exposed to sun light. Geotextile bags are 
flexible armour system made of Geo-textile, fabricated in form of bags. They can be 
designed in any size and shape depending on site requirement and can be filled with 
locally available material (local earth). Geotextile bags are well proven system of erosion 
control across the world. Geo-textile bags are made of woven or non woven geo-textile 
fabrics which are specially designed for good soil tightness and high seam efficiency. 
Geo-textile bags range in volume from 0.05 m3 to around 5 m3, and are pillow shaped, box 
shaped or mattress shaped depending on the required application. Geo-textile bags have 
also been used as revetment, breakwaters, etc to build erosion protection measures. 

 

7.1 Design of anti-erosion works using Geosynthetic 

Geo-textile bags as protective elements have to satisfy four main criteria 
7.1.1 Stability against flow and wave attack 

 Field Experience and Physical Modeling indicated that bags of 126 Kg are stable to 
depth average velocity of 3m/s and that only very few bags would displace at high 
velocities of 4.5m/s 

7.1.2 Filtration 

 Geosynthetic in the Bags also act as filter for preventing loss of fines in bags, this type 
of failure is called as winnowing failure. This can be prevented by using multiple layer 
coverage 

7.1.3 Launching 

7.1.4 Longevity 

 UV stability 

 Abrasion resistance 
7.1.5 Design steps 

 Application evaluation   

 Obtain soil samples from the site 

 Evaluate armor material and placement 

 Calculate anticipated reverse flow through erosion control system. 

 Determine geo-textile requirements 
 Retention criteria 
 Permeability criteria 
 Clogging criteria 

 Estimate costs 

 Prepare specifications 

 Obtain samples of the geo-textile before acceptance. 

 Monitor installation during construction and control drop height. Observe erosion 
control systems during and after significant storm events. 
The provisions regarding design of revetment and design of apron are available in 

IS 14262 and IS 10751 respectively  
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7.2 Size of Bags (IS 8408) 

 For velocity up to 3 m/s, bags of size 1.1m x 0.7m may be used. 

 For velocity up to 3 m/s, bags of size 1.0m x 0.65m x 0.15m filled bag.(weight 
around 126 kg) 

 For higher velocity, weight should be more than that calculated as under: 

W (in kg) = 0.02323*Ss*V6/[K* (Ss-1)3]; where 

V – velocity in m/sec 

Ss  - Specific Gravity of protection material (adopted between 1.5 to 1.8)   

K  -  Correction Factor = [1-sin2θ/sin2φ] ½ 

θ  - Angle of sloping bank 

φ  - Angle of repose of protection material 

 The geo-synthetic material should be safe against the UV rays and abrasion. 

 

7.3 Thickness of Pitching 

Thickness should be more than that calculated as under: 

T  (in m) = V2/2g (Ss-1); where 

V – velocity in m/sec 

Ss  - Specific Gravity of protection material (adopted between 1.5 to 1.8)   

g  -Acceleration due to gravity (9.81 m/Sec2) 

 Thickness of protection shall be provided in two layers of bags or one layer of geo-

textile bags encase with polymer ropes/Galvanized wire/PVC coated Galvanized 

wire mesh crates determined for the velocity given in the equation for size of bag 

 
7.4 Filter 

 A layer of Geo-textile filter may be provided under Geo-Textile bags. 

 

7.5 Specification of Geosynthetic used in above works 

 
Geo-textile bags are made of woven/non-woven polypropylene/polyester geo-

textile. Double layer geo-textile bags using woven and non-woven geo-textile are used for 
harsh conditions. Geo-textile used to manufacture geo-textile bags should have high 
mechanical properties for enhanced durability along with enhanced puncture, abrasion 
and U.V. resistance characteristics. Geo-textile should be inert to biological degradation 
and resistant to naturally encountered chemicals, alkalis, and acids. 

 
7.5.1 Requirements for a Sustainable and Performing Geo-textile bag System: 

 

 Adequate weight to sustain the uplift pressure due to hydraulic forces 

 High Abrasion Resistance 

 Adequate Puncture strength 

 High Elongation to absorb the hydraulic energy 

 Lower Apparent Opening size to retain even the finer soil particles 

 High Permittivity  &Transmissivity 

 Adequate UV Resistance 

 Stable in wider pH range 
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7.5.2 Important Considerations in Specifying the Right Geo-textile bags system: 

 

 Type of Polymer: Type of polymer shall be polypropylene / polyester 

  Quality of Polymer Fiber: the virgin fibers with more than 70 % UV resistance 
shall be used as raw material for making the Fabric and Geo-bags, no re-
cycled fiber shall be allowed for making of Geo-textile bags. 

 Type of Fiber: Staple Fiber is much better and found to have superior 
performance for River bank and Coastal application compare to Continuous 
Fibers.  

 There are several bonding mechanisms available, however the appropriate for 
river application is Needle – Punching. 

 Important Properties for performance of Geo-textile bags are- UV Resistance, 
Resistance to Abrasion, CBR Puncture, Tensile Strength, 80% Seam strength, 
Apparent Opening size and Permeability. 

Geo-textile used to manufacture geo-textile bags made of non-woven material may conform to 
the properties listed in following table-1: 

TABLE 1 REQUIREMENTS OF NONWOVEN GEOBAGS FOR COASTAL / WATERWAYS 
PROTECTION 

Sl. 
No
. 

Properties Test Method Unit Requirements of 
Nonwoven Geo-textile 
bags                            

Type 1   Type 2   Type 3                  

Mechanical Properties 

1 Wide Width Tensile 
Strength, MinMD/CD 

IS 13162 (Part 5)  kN/m 

 

   15          20                    24 

   15          20                    24 

2 Elongation, Min 

MD/CD 

IS 13162 (Part 5) Percent    50           50                    50                    

3 Seam Strength, Percent 
of Original Fabric 
Strength, Min 

IS 15060/ISO 
10321 

 Percent ≥ 65% 

4 Abrasion Resistance, 
Number of Cycles, Min 

IS 14714 Number Values to be decided 

5 Trapezoidal tear strength, 
Min 

MD/CD 

IS 14293/ISO 
10321 

N 340             450               600           

 

6 CBR Puncture 
Resistance,  Min 

ISO 12236 N  3000          4000            4700 

Hydraulic Properties 

7 Water Permeability at 
100 mm Water Head, Min 

IS 14324  (l/m2/s)   60                40               30 

8 Apparent Opening Size 
(AOS), Max 

IS 14294  µm   75                 75               75 

Physical Properties 

09 Thickness under 2kPa, 
Min 

IS 13162 (Part 3)  Mm 3.0                 3.0               4.0   

 

10 Polymer Type; Polyester 
(PES) or Polypropylene 
(PP)  

IS 667  Polyester (PES) or 

 Polypropylene (PP) 

11 Mass, Min IS 14716  g/m2  300         400                   600            
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*Manufacturer shall provide certificate for durability of geotextile bags based on durability 
tests. 
Type-I: Less Severe Installation condition   
Type-II: Moderate Installation condition     
Type-III: Harsh installation condition 

TABLE 2 REQUIREMENTS OF POLYPROPELENE/POLYESTER MULTIFILAMENT WOVEN 
GEOTEXTILE-BAGS FOR COASTAL AND WATERWAYS PROTECTION 

Sl. 
No. 

Properties Test Method Unit   Minimum average bag 
value (MABV) 

Type-1 Type-2 

Mechanical Properties  

i) Tensile Strength, Min 

MD 

CD 

IS 1969 : Part 1/ 

ISO 13934-1 

kN/m 55 

40 

70 

60 

ii) Elongation at  designated 
tensile strength, Max. 

MD 

CD 

IS 1969 : Part 1/ 

ISO 13934-1 

Percent 25 

25 

25 

25 

iii) Seam Strength, Min  IS 15060/ 

ISO 10321 

Percent 50 60 

iv) Abrasion Resistance, 
Tensile Strength Retained, 
Min 

IS 14714 Percent 75 75 

v) Trapezoidal tear strength, 
Min 

MD 

CD 

IS 14293 N  

800 

500 

 

1500 

1300 

vi Puncture Resistance,min  ASTM D 4833 N 700 900 

 

 

 

12 Length of geobag, Min 

a) Small Size 

b) Large Size 

IS 1954 M  

--------------------1.1------------- 

 -------------------2.0------------ 

13 Width of geobag, Min 

a) Small Size 

b) Large Size 

IS 1954 M  

 ----------     ----0.70----------------
-------------     --1.50---------------- 

14 Mass of sand filled 
geobag, Min 

a) Small Size Bag 

b) Large Size Bag 

Electronic 
Weighing Balance 

Kg -------------------300-----------------
-----------------400&600------- 

15 UV Resistance after 500 
h, Min 

IS 13362 (Part 2) Percent  80             80                    80               
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Hydraulic Properties 

vi) Water Permeability at 100 
mm water head, Min 

IS 14324 l/m2/s 10 18 

vii) Apparent Opening Size 
(AOS), Max 

IS 14294  µm 75 250 

Physical Properties 

ix) Length of geotextile-bag, 
Min 

a) Small Size 

b) Large Size 

IS 1954 m 0.5 

1.1 

2.0 

 

x) *Width of geotextile-bag, 
Min 

a) Small Size 

b) Large Size 

IS 1954 m  

0.5 

0.7 

 

 

1.5 

xi) Mass of sand filled 
geotextile-bag, Min 

a) Small Size Bag 

b) Large Size Bag 

Electronic 
Weighing Scale 

Kg  

 

44 

126 

 

 

 

1350 

 

xii) UV Resistance after 500 h, 
Min  

IS 13162 (Part 2) Percent 70 80 

*Stitch to Stitch distance with a margin of 10 mm from either side. 

REQUIREMENTS 
7.5.3 Material of Geo-textile bags 

7.5.4 Geobags shall be made from needle punched nonwoven fabric (Types 1 to 3) 

manufactured from ultra violet stabilized Polyester or Polypropylene OR shall be 

made from Polypropylene Multifilament Woven Fabric ( Type 1 and Type 2) and 

constituent fibre shall be identified by the microscopic and confirmatory tests as 

specified in IS 667; depending upon the end use requirements and shall conform 

to the requirements as specified in Table 1 and Table 2. The geo-textile bags shall 

be inert to commonly encountered chemicals, resistant to rot and mildew, and shall 

have no tears or defects which adversely affect or alter its physical properties.  

7.5.5 All property values except apparent opening size and Elongation at designated 

break (in case of PP Multifilament Woven Geobag) in these specifications 

represent minimum average bag values (MABV). Average of test results from any 

sampled bag in a lot shall meet or exceed the minimum values specified in this 

standard. In case of apparent opening size and Elongation at designated break (in 

case of PP Multifilament Woven Geobag), the MABV shall represent the Maximum 

Average Bag Value.   

7.5.6 Polymers used in the manufacture of geo-textile bags, shall consist of long chain 

synthetic polymers, composed of 100 percent by weight of virgin polypropylene or 

polyester. In any case recycled polyester shall not be permitted in view of its 

inherent non uniformity and substandard quality as compared to virgin polyester 

fiber. The isophthalic acid content of the virgin polyester fiber shall be zero when 

tested by the method prescribed in Annex A. Polypropylene fiber and multifilament 

yarn in case of woven generally used is virgin only as it is not recycled. 
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7.5.7 Polyester fiber shall be zero when tested by the method prescribed in Annex A. 

Polypropylene fiber generally used is virgin only as it is not recycled.Geo-textile 

bags shall be dimensionally stable and able to retain their geometry under 

manufacture, transport, and installation. 

7.6 Prefabrication of Geo-textile bags 

Geo-textile bags shall be prefabricated using UV stabilized PES/PP thread. The geo-
textile bags shall have seam with double line chain stitches along the edges on two sides 
with a stitch density of 20 stitches/dm + 2. The sewing shall be done at a minimum 
distance of 10 mm from edges by using a ring spun polyester / polypropylene thread, as 
the case may be, of linear density 1500-2500 Denier (167 – 278 Tex) for bags up to 400 
g/m2 and of 2500-3500 Denier (278 – 389 Tex) for bags greater than 400 g/m2. The 
distance between the two rows of stitches shall be 5 to 10 mm. Stitch lines on both sides 
of the bags shall continue beyond the bag’s open mouth and end in a loose loop of thread 
of length 25 to 50 mm. The ring spun polyester / polypropylene thread used for stitching 
shall be UV stabilized. The stitching shall be uniform without any loose thread or knot. 

  Geo-textile used to manufacture geo-textile bags having double layers both for 
woven and non-woven material should conform to the properties listed in following table-3: 

Table-3 

Properties Reference for Test 
Method 

Unit Values 

Non Woven Woven 

Properties of Geo-textile 

Polymer Type   PP PP 

Weight 
IS 14716:1999/ 

ISO 9864/ ASTM D5261 
gms/Sqm ≥300 ≥230 

Tensile Strength 
IS 13162 (Part 5): 
IS:1969 

kN/m  
≥12 ≥55 

Grab Tensile Elongation IS:1969/  %  ≥30% & ≤90% ≥05% & ≤30% 

GrabTensile Strength ASTM D4632 kN ≥0.80 ≥1.5 

Grab Elongation ASTM D4632 % ≥30% & ≤90 ≥05% & ≤3% 

Puncture Resistance 
IS 16348:/ASTM 
D4833 

kN ≥0.6KN  

Opening Size 
IS 14294:1995/ASTM 
D4751 

mm ≥0.06 & ≤0.17 ≥0.10 & ≤0.25 

UV Resistance ASTM D4355 %/hrs 70/500 70/00 

Properties of Geo-textile Bag 

Seam Type   Double Seam  

Preferably flat dimensions   2.00m x 1.50m 

Source: Handbook for Flood Protection, Anti Erosion and River Training Works, 
FMO, CWC 

Note: Lay Flat dimensions of the Geo-textile Bags given in the table above are preferable 
sizes. The Client is free to use site specific sizes lesser than specified values but shall not 
exceed the dimensions given in the table-4 
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Table 4: 
Requirement of PP Rope gabions 

Source: BTRA 

 

Property 
Test 

Method 
Unit Tolerance Mesh 100 Mesh 150 

Mesh opening size Physical mm (+) 5% 100x100 100x100 100x100 100x100 100x100 150x150 150x150 150x150 150x150 150x150 

Rope Diameter 
IS 7071 

Part1 to3 

(IS 5175) 

mm Nominal 8 9  10  12 16 8 9 10 

Linear Density of 

the Rope 

grams/

m 
(+) 8% 30 40 45.2 65.1 116 29 40 45.2 65.1 116 

Breaking Strength 

of Rope 

IS 7071 

Part 4 

(IS 5175:) 

kg Min. 1200 1560 1560 1900 3350 1200 1560 1560 1900 3350 

Abrasion  

resistance  

of Rope after 1000 

cycles% Strength 

retained 

Annex A % Min. 85 85 85 85 85 85 85 85 85 85 

Thermal Stability, 

45 0C,   3 Hours, % 

Strength retained 

Annex A % Min. 90 90 90 90 90 90 90 90 90 90 

Rope Net Strength Annex A kg/m Min. 10000 15000 15000 18000 25000 7500 10000 10000 15000 20000 

Punching Shear 

Strength Annex A kg Min. 5000 6000 7000 8000 10000 4000 5000 6000 7000 8000 

Standard sizes of the Gabions (+5%) m x m x m: 1x1x1, 1x1x0.5, 2x1x1, 2x1x0.5, 3x1x1, 4x1x1  with/without partition, lid & slings are tied together to form a continuous monolithic 

structure        
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7.7 Installation Procedure 

 
Typical layout 

 
7.7.1 The site survey and bathymetric survey for the affected reach, where the geo-

textile bag protection is proposed, may be carried out. 

7.7.2 The river bank may be trimmed to achieve the required slope mentioned in the 

project drawing. Excavation may be mostly carried out by track mounted 

excavators. Lighter excavators may be employed if required. 

7.7.3 The excavated earth may be disposed of by tippers/tractors to a suitable 

distance from the bank sides, so as to reduce the overburden on the existing 

bank. 

7.7.4 The loose earth residue remaining after the excavation by the machineries may 

be removed manually. The slope formation may be given necessary ramming 

to remove any undulations and corrected to the desired slope (if required) 

before the start of installation of the non woven geo-textile on the trimmed 

surface. At the bottom and top of the slope, anchor trench or key shall be 

prepared as per the required design. 

7.7.5 The geo-textile fabric may be laid across the dressed slope over which sand 

filled geo-textile bags may be kept. 

7.7.6 The geo-textile may be filled at a location preferably higher than the HFL. This 

may ensure that the filling process of the bag remains unaffected by the rain 

and subsequent changes in the water levels. 

7.7.7 The sand used for filling may be transported to the site by dumpers and 

bulldozers or any other appropriate mode conducive to the local availability and 

geographical suitability. The bags may be supplied to the project in the folded 

form and packed in bundles. The bags may be filled with sand by suitable 

methods. The sand used for filling should posses the technical specifications of 

the project. 

7.7.8 After the sand filling is completed, the geo-textile bag may be weighed to 

confirm the desired weight as per the technical requirements of the project. 

After confirmation of the weight, the geo-textile bag may be stitched at the 

mouth by means of a bag closing machine. 

7.7.9 For the sake of easy counting and monitoring the geo-textile bags may be 

stored in batches of 100 numbers or any suitable multiple as per the available 

space at site. The dumping of geo-textile bags for launching apron may be 



54 

 

carried out using the motor boat/barge. The motor boat/barge may be 

positioned at the required location with the help of Total Station and anchored 

in position with the help of anchors. The dumping of the geo-textile bags shall 

be continued up to the location of the key at the bottom of the slope near LWL. 

Source: Handbook for Flood Protection, Anti Erosion and River Training 
Works, FMO, CWC 

 

7.8 Quality Control and Assurance 

 Specification of material should confirm as per the provisions in Para b above. 

 Transportation, Storage and Handling of Geo-textiles should be in accordance 
with the guidelines provided in Para 11 of this guideline. 

 Bags should be fully filled to obtain desired specific weight; bags at site may 
be closed using hand held sewing machine than closing by manual sewing; 
bags should be handled properly at site to avoid its getting punctured; 
dumping of bags under water may be done from toe and proceed towards 
bank ensuring uniform thickness; regular monitoring and maintenance of work 
is necessary to identify weak spots and repairing the same to enhance life of 
protection work. 

 All the current geo-textile polymers are relatively stable under normal 
temperature ranges. However, certain changes in mechanical properties may 
occur in some instances, especially in relation to stress-strain characteristics. 
At present, there is no BIS specification for the procedure of determining the 
effects of climatic temperature on the tensile strength and elongation 
properties of geo-textiles. 

 The manufacturer provides the working temperature range of the geo-textile. 
The client should ensure that the temperature during transportation, storage 
and handling of the geo-textile does not exceed its working temperature 
range.  

 IS 13162 (Part2):1991/ASTM D 4355 can be referred for standard test method 
for assessment of deterioration of geo-textiles by exposure to 
temperature/heat. 

 Field Inspection &laying of geo-bags: Laying of geo-textile bags shall be done 
under the supervision of the site in charge. Laying of geo-textile bag under 
water should be done at least in the presence of concerned Assistant 
Engineer. Laying work shall be inspected time to time by the Executive 
Engineer.  

7.9 Cost Consideration 

The total cost of a riprap geo-textile revetment system will depend on the actual 
application and type of revetment selected. The following items should be considered: 

 Grading and site preparation  

 Cost of geo-textile bags 

 Cost of placing geo-textile bags, including special considerations for below 
water placement. 

 Bedding materials, if required, including placement 



55 

 

To determine cost effectiveness, Benefit Cost Ratios should be compared for 
the riprap geo-textile system versus conventional riprap granular filter systems or other 
alternatives of equal technical feasibility and operational practicality. 

A sample calculation for construction of bank pitching in geo-textile bags is 
presented below: 

 

 
Design Assumptions (pitching in loose and apron in gabions): 

 
Length of bank protection = 1000 m 

 

 
Slope length = 15 m 

 

 

Thickness of pitching (2 layers of 0.30 m 
thick) 

= 0.6 m 
 

 

No. of layers of geo bag of size (1.0 
mx0.65 mx0.15m) for pitching 

= 4 nos 

 

 
Nos of geo bags for pitching = 83218 nos 

 

 
Thickness of launching apron (in crates) = 0.9 m 

 

 
Width of launching apron = 24 m 

 

 
Thickness of launching apron = 0.9 m 

 

 

Nos of geo bags in one gabion of size 
(2mx2mx0.9 m) 

= 18 nos 
 

 
Nos of gabions for launching apron = 12000 nos 

 

 

Nos of geo bags (filled in gabions) in 
launching apron 

 

= 216000 nos 
 

 
Estimate: 

    

 

Item of Work Quantity Unit Rate  

(Rs.) 

Amount 

(Rs.) 

1 Earthwork in bank trimming to the 
designed section/ slope including 
removing the spoils and depositing in 
bank of the river (rates as per analysis 
no. 10.1.5). 

2250 m3 71.10 1,59,972 

2 Supply of geo- bags of size 
1.00mx0..65mx 0.15 m (Rates as per 
given in table 9.1) 

2,99,218 nos 180.00 5,38,59,196 

3 Carriage of geo bags from Godown to 
different work sites (rates as per analysis 
no. 10.1.12). 

2,99,218 nos 3.00 8,96,865 

4 Supply of poly propylene (PP) gabions of 
size 2mx2mx0.90 m (rates as given in 
table 9.1) 

12,000 nos 1640 1,96,80,000 

5 Carriage of gabions from Godown to 
different work sites (rates as per analysis 
no. 10.1.13).  

12,000 nos 6.17 74,050 

6 Filling of Geo-textile bags of size 83,218 nos 30.06 25,01,664 
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1.03mx0.70 m and bank pitching (rates 
as per analysis no. 10.1.14) 

7 Dumping of sand filled geo bags 
contained in gabions from properly 
positioned and anchored flat top 
pontoon/barge (rates as per analysis no. 
10.1.15) 

12,000 nos 613.81 73,65,696 

 Total    8,45,37,442 

 Add 1.5% contingency    12,68,062 

 Grand Total    8,58,05,504 
 

 

Taking basic rate of geo-textile bags of size 1.0mx0.65mx0.15 m as Rs. 180 
per bag, various rate analysis in case of geo-textile bags are presented below: 

(Source: Handbook for Flood Protection, Anti Erosion and River Training 
Works, FMO, CWC) 

 
Carriage of Geo-textile bagsfrom Divisional Godown to different work site: 
Total distance from Divisional Godown to  
Construction site (considering distance of 50 km) 
in two trips (2*50*2)     = 200 km 
Nos of geo bags carried in two trips/day= 2*250   = 2000 Nos. 

Item 
No. 

Description Rate  
(Rs) 

Quantity Amount  

(Rs.) 

A Materials    

(i) Hire charge of diesel truck including wages of 
driver and handyman 

1,500 1 1,500.00 

(ii) Diesel required (Up & down) @ 3.00km/ltr = 
200/3 

42.35 66.67 2,823.33 

(iii) Mobil 211 1 211.00 

B Workers 

   (i) Labour for loading and unloading  142 2 284.00 

 Sub-total   4,818.33 

C Sundries(LS)   20.00 

D Contractor’s profit ( 20% on sub-total)   963.67 

E VAT 4%(sub-total)   192.73 

 

Total 

 

 5,994.73 

 

Hence Rate per geo-textile bag 

 

=Rs 3.00 

Carriage of polypropylene gabion from Divisional Godown to different work site: 
Total distance from Divisional Godown to  
construction site (considering distance of 50 km) 
in two trips (2*50*2)     = 200 km 
Nos of geo bags carried in two trips/day= 2*500   = 1000 Nos. 
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Item 
No. 

Description Rate  
(Rs) 

Quantity Amount 
(Rs.) 

A Materials    

(i) Hire charge of diesel truck including wages of 
driver and handyman 

1,500 1 1,500.00 

(ii) Diesel required (Up & down) @ 3.00km/ltr = 200/3 42.35 66.67 2,823.33 

(iii) Mobil 211 1 211.00 

B Workers 

   (i) Labour for loading and unloading  142 3 426.00 

 Sub-total   4,960.33 

C Sundries(LS)   20.00 

D Contractor’s profit ( 20% on sub-total)   992.07 

E VAT 4%(sub-total)   198.41 

 

Total 

 

 6,170.81 

 

Hence Rate per geo-bag 

 

=Rs 6.17 

Filling of Geo-textile bagsof size 1.00mx0.65 m and bank pitching including 
excavation of specified sand from flood plain or adjacent chars, within a distance of 
1000 m of the work site and filling to weigh 126 kg after filling, stitching the mouth of 
the filled bags carrying the same by engine boat unloading the same at the bank at 
work site in proper stacks and pitching in bank slope: 

Nos. of geo-textile textile bags = 500 nos. 
Volume of earth for 500 nos. of bags (0.15m3 for each bag) = 75 m3 

Item 
No. 

Description Rate  
(Rs) 

Quantity Amount 
(Rs.) 

A Materials    

1 Carriage by engine boat (2 no. 10T capacity) - In 
one trip 2 boat can carry = 125 bags. No. of trips 
the boat can make in a day including loading and 
unloading = 4 nos. Hence, in a day 2 boats can 
carry = 500 bags Hire charge of boat/ day(including 
boatman and helper). 

1,200 2 2,400.00 

2 Diesel  42.35 15 635.25 

3 Mobil 211 1 211.00 

B Workers 

   (i) Worker for excavation-of sand/silt. 142 14 1,988.00 

(ii) Worker for filling of geo bags to weigh 126 kg for 
each bag 

142 14 1,988.00 

 Worker for carrying and weighing the Filled bags 142 4 568.00 

 Worker for stitching the mouth of filled bags 142 4 568.00 

 Worker for properly stacking the bags in batches of 
100 near engine boat 

142 8 1,136.0 

 Worker for loading the bags into the boat and 
unloading at bank in the work site 

142 12 1,704.00 
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 Worker for pitching bags in slope properly 142 7 994.00 

 Sub-total   12,107.55 

C Sundries(LS)   20.00 

D Contractor’s profit ( 20% on sub-total)   2,421.51 

E VAT 4%(sub-total)   484.30 

 

Total 

 

 15,033.36 

 

Hence Rate per geo-textile bag 

 

=Rs 30.06 

 
Dumping of geo-textile bags in gabions by crane without boat: Laying of 

polypropylene gabion filled with sand filled geo-textile bags on the trimmed slope for 
pitching from properly positioned and anchored mechanical crane of 20 ton capacity 
with 25m arm including loading/unloading including dumping by barge for launching 
apron.  

No. of gabions (each gabion has 18 bags) = 20 Nos 

Volume of each filled geo bag = 0.15 m3 

Item 
No. 

Description Rate  
(Rs) 

Quantity Amount 
(Rs.) 

A Materials    

(i) Dumping with mechanical crane (20 Ton 
capacity) Hire charge of crane of 20ton capacity 
with 25 m arm as per hour basis usage rate 
(One crane can dump 20 nos of gabion cage 
filled with 18 nos sand cement filled geo-textile 
bags with the help of fabricated steel platform in 
8 hours  

900 8 7,200 

(ii) Hire charge of barge anchored by pontoon on 
usage basis @ Rs 150.00/hr for 8 hrs 

150 8 1200 

(iii) Platform made with ISB 150x100x6mm with 
hooks at lower ends of size 2mx1m. Considering 
use for 1000 nos gabions @ Rs 
2400.00/platform 

24 2 48 

B Workers 

   (i) Worker for fastening the gabions securely to the 
hooks of the fabricated platform and lowering it 
safely at the specified and directed locations 
with the cane 

142 2 284 

 Sub-total   8732 

C Sundries(LS)   20.00 

D Contractor’s profit ( 20% on sub-total)   1746.40 

E VAT 4%(sub-total)   349.28 

 

Total 

 

 10,847.68 

 

Hence Rate per gabion 

 

=Rs 542.38 
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Dumping of geo-textile bags in gabions by barge: Dumping of sand filled geo 
bags filled in gabions from properly positioned and anchored flat top pontoon/barge 
over an area specified by bathymetric survey for uniform area coverage along the bank 
line up to the designed length towards river  

No. of gabions (each gabion has 18 bags) = 20 Nos 

Volume of each filled geo bag = 0.15 m3 

Item 
No. 

Description Rate  
(Rs) 

Quantity Amount 
(Rs.) 

A Materials    

(i) Dumping with mechanical crane (20 Ton capacity) Hire 
charge of crane of 20ton capacity with 35m arm as per 
hour basis usage rate (One crane can dump 20 nos of 
gabion cage filled with 18 nos sand cement filled geo-
textile bags with the help of fabricated steel platform in 
8 hours  

900 8 7200 

(ii) Hire charge of barge anchored by pontoon on usage 
basis @ Rs 150.00/hr for 8 hrs 

150 8 1,200 

(iii) Hire charge of single engine 10T capacity machine 
boat with boatman excluding fuel and lubricant to be 
used as tug. 

1,200 1 1,200 

B Workers 

   (i) Worker required for loading the bags into the boat and 
unloading at bank in the work site using crane 

142 2 284 

 Sub-total   9,884 

C Sundries(LS)   20.00 

D Contractor’s profit ( 20% on sub-total)   1,976.80 

E VAT 4%(sub-total)   395.36 

 

Total 

 

 12,276.16 

 

Hence Rate per gabion 

 

=Rs 613.81 
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8. USE OF GEO-TEXTILE TUBES IN FLOOD 
MANAGEMENT WORKS 

Geotextile tubes are basically containment systems in tubular forms filled with 
locally available sand which are formed in-situ on land or in water to protect shore 
and marine environments.It is in tubular shape made of geo-textile and is generally 
filled with sand or dredged material. These tubes are generally about 1 m to 3 m in 
diameter, though they can be customised to any size depending on their 
application. Today, geo-textile tubes ranging in diameters from 1.5 m to 5.0 m are 
used in many coastal and flood protection applications.  
Earthen embankments are constructed for Flood Protection. Availability of good 
quality earth is a major bottleneck in ensuring the quality of embankment. 
Embankment quality can be substantially improved by the use of geotextile tubes. 
Use of geotextile tubes also provides enhanced security against breach and hence 
reduces investment on anti-erosion measures. Geotextile tubes are very effective 
in breach closure without back shifting. 
Quite often, conventional construction techniques will not allow dikes or levees to 
be constructed on very soft foundations because it may not be cost effective, 
operationally practical, or technically feasible. Nevertheless, geotextile tube-
reinforced dikes have been designed and constructed. Geotextile tubes used in 
those dikes alleviated many soft-ground foundation dike construction problems 
because they permit better equipment mobility, allow expedient construction, and 
allow construction to design elevation without failure. Embankments constructed on 
soft foundation soils have a tendency to spread laterally because of horizontal 
earth pressure acting within the embankment. These earth pressures cause 
horizontal shear stresses at the base of the embankment which must be resisted 
by the foundation soil. If the foundation soil doesn’t have adequate shear 
resistance, failure can result.  

8.1 Design of Embankments using Geo-textile Tube 
 

The cross section of the embankment made using Geo-textile tube is to be 
designed as per usual earthen embankment. The Geo-textile tubes are placed 
in the core of such embankment generally in a pyramid shape.  

As with ordinary embankments on soft soils, the basic design approach for 
reinforced embankment is to design against failure. To successfully design a 
dike on a very soft foundation, three potential failure modes must be 
investigated: 

 

 Horizontal sliding and spreading of the embankment and foundation. 
 Rotational slope and/or foundation failure. 
 Excessive vertical foundation displacement. 

 

The geo-textile tube must resist the unbalanced forces necessary for 
dike stability and must develop moderate-to-high tensile forces at relatively 
low-to moderate strains. It must exhibit enough soil fabric resistance to 
prevent pullout (circumferential stress). The geo-textile tube tensile forces 
resist the unbalanced forces, and its tensile modulus controls the vertical and 
horizontal displacement of dike and foundation. Adequate development of 
soil-geo-tube friction allows the transfer of dike load to the geo-textile tube. 
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Developing geo-textile tube tensile stresses during construction at small 
material elongations or strains is essential. In addition, potential creep of the 
reinforcement must also be considered. Because the most critical condition for 
embankment stability is at the end of the construction, the reinforcement only 
has to function until the foundation soils gain sufficient strength to support the 
embankment. 

 

The cross section of the embankment made using Geo-textile Tube is 
to be designed as per usual earthen embankment. The Geo-textile tubes are 
placed in the core of such embankment generally in a pyramid shape. Double 
layer of sheets of woven textiles is also used for added UV protection for a 
prolonged life and sufficient abrasion resistance 

8.2 Design Steps 

The following is a step-by-step procedure for design of reinforced embankments. 

 

STEP 1 Define embankment dimensions and loading conditions 

 

A. Embankment height, H 

B. Embankment length  

C. Width of crest 

D. Side slopes, b/H 

E. External loads 

1. Surcharges 

2. Temporary (traffic) loads 

3. Dynamic loads 

F. Environmental considerations 

1. Frost action 

2. Shrinkage and swelling 

3. Drainage, erosion and scour 

G. Embankment construction rate 

1. Project constraints 

2. Anticipated or planned rate of construction  

 

STEP 2 Establish the soil profile and determine the engineering properties of the 
foundation soil 

A. From a subsurface soils investigation, determine 

1. Subsurface stratigraphy and soil profile. 

2. Groundwater table (location, fluctuation) 

B. Engineering properties of the subsoils 

1. Undrained shear strength, cu, for end of construction 

2. Drained shear strength parameters, c’ and Φ’, for long-term conditions. 



62 

 

3. Consolidation parameters (Cc, Cr, cv, σP’) 

4. Chemical and biological factors that may be detrimental to the reinforcement 

C. Variation of properties with depth and areal extent. 

 

STEP 3 Obtain engineering properties of embankment fill materials 

 

A. Classification properties 

B. Moisture-density relationships 

C. Shear strength properties 

D. Chemical and biological factors that may be detrimental to the reinforcement. 

 

STEP 4 Establish minimum appropriate factors of safety and operational settlement 
criteria for the embankment. Suggested minimum factors of safety are as 
follows 

A. Overall bearing capacity: 1.5 to 2 

B. Global (rotational) shear stability at the end of construction: 1.3 

C. Internal shear stability, long – term: 1.5   

D. Lateral spreading (sliding): 1.5 

E. Dynamic loading: 1.1 

F. Settlement criteria: dependent upon project requirements 

STEP 5 Check bearing capacity 

A. When the thickness of the soft soil is much greater than the width of the 
embankment, use classical bearing capacity theory : qult= γfillH = cuNc; Where Nc, 
the bearing capacity factor, is usually taken as 5.14 – the value for a strip footing 
on a cohesive soil of constant undrained shear strength, cu, with depth. This 
approach underestimates the bearing capacity of reinforced embankments. 

B.  When the soft soil is of limited depth, perform a lateral squeeze analysis. 

STEP 6 Check rotational shear stability. 

Perform a rotational slip surface analysis on the unreinforced embankment and 
foundation to determine the critical failure surface and the factor of safety against local 
shear instability. 

A. If the calculated factor of safety is greater than the minimum required, then 
reinforcement is not needed. Check lateral embankment spreading (Step 7). 

B. If the factor of safety is less than the required minimum, then calculate the 
required reinforcement strength, Tg, to provide an adequate factor of safety where 
: 

   FS (MD) – MR 

  Tg=  -------------- 

                   R cos(θ- β) 

STEP 7 Check lateral spreading (sliding) stability. 

Perform a lateral spreading or sliding wedge stability analysis  
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A. If the calculated factor of safety is greater than the minimum required, then 
reinforcement is not needed for this failure possibility. 

B. If the factor of safety is inadequate, then determine the lateral spreading strength 
of reinforcement, Tlsrequired. Soil/geosynthetic cohesion, Ca should be assumed 
equal to 0 for extremely soft soils and low embankments. A cohesion value should 
be included with placement of the second and subsequent fills in staged 
embankment construction.  

C. Check sliding above the reinforcement. 

STEP 8 Establish tolerable geosynthetic deformation requirements and calculate 
the required reinforcement modulus, J, based on wide width (ASTM D 
4595) tensile testing.     

Reinforcement Modulus:   J = Tls/Єgeosynthetic 

Recommendations for strain limits, based on type of fill soil materials and for 
construction over peats, are: 

  Cohesonless soils:  Єgeosynthetic = 5 to 10% 

  Cohesive soils:   Єgeosynthetic = 2% 

  Peats:    Єgeosynthetic = 2 to 20% 

STEP 9 Establish geosynthetic strength requirements in the embankment’s 
longitudinal direction (i.e. direction of the embankment alignment). 

A. Check bearing capacity and rotational slope stability at the ends of the 
embankment (Steps 5 and 6) 

B. Use strength and elongation determined from Steps 7 and 8 to control 
embankment spreading during construction and to control bending following 
construction. 

C. As the strength of the seams transverse to the embankment alignment control 
strength requirements, seam strength requirements are the higher of the strengths 
determined from Steps 9A or 9B. 

STEP 10   Establish geosynthetic properties. 

A. Design strengths and modulus are based on the IS 13162 (Part 5):1992/ASTM D 
4595 wide width   tensile test. This test standard pewits definition of tensile 
modulus in terms of: (i) initial tensile modulus; (ii) offset tensile modulus; or (iii) 
secant tensile modulus.  Furthermore, the secant modulus may be defined 
between any two strain points. Geosynthetic modulus for design of embankments 
should be determined using a secant modulus, defined with the zero strain point 
and design strain limit (i.e., 2 to 10%) point.  

B. Seam strength is qualified with ASTM D 4884 test method, and is equal to the 
strength required in the embankment’s longitudinal direction. 

C. Soil-geosynthetic friction, Φsg, based on ASTM D 5321 with on-site soils. For 
preliminary estimates, assume Φsg= 2/3Φ; for final design, testing is 
recommended.  

D. Geo-textile stiffness based on site conditions and experience. 

E. Select survivability and constructability requirements for the geosynthetic based on 
site conditions, backfill materials, and equipment.  

STEP 11 Estimate magnitude and rate of embankment settlement- Use conventional 
geotechnical procedures and practices for this step. 
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STEP 12 Establish construction sequence and procedures. 

STEP 13 Establish construction observation requirements. 

STEP 14 Hold preconstruction meetings- Consider a partnering type contract with a 
disputes resolution board. 

STEP 15 Observe construction. 

Geo-textile tubes fabric undergoes several stress cycles during its installation 
as well as during its life cycle. Theoretically the tube fabric is subjected to maximum 
stresses, both in circumferential and axial, directions at the time of filling. The Geo-
textile skin of the Tube and it’s component parts should have adequate tensile strength 
to resist the various forces generated during filling as well as during the life time of the 
structure. The required Ultimate Tensile Strength of the Geo-textile Tube Fabric is: 
[Tu]c>= FS [Tu]c 

The FS must account for factors such as Geotextile Tensions, Creep, seam factors 
and Durability. If any specific analysis is not undertaken a minimum FS of 4-5 shall be 
applied.  

8.3 Specification of Geo-textile tube used in Embankment 

Once the design strength requirements have been established, the appropriate 
geosynthetic must be selected. In addition to its tensile and frictional properties, 
drainage requirement, construction conditions, and environmental factors must also be 
considered.    

8.3.1 Geo-textile tube strength requirements: The most important mechanical 
properties are the tensile strength and modulus of the reinforcement, seam 
strength, soil-geosynthetic friction and system creep resistance. 

8.3.2 Drainage requirements: The geosynthetic must allow for free vertical drainage 
of the foundation soils to reduce pore pressure buildup below the embankment. 
Pertinent geosynthetic hydraulic properties are piping resistance and 
permeability. It is recommended that the permeability of the geosynthetic be at 
least 10 times that of the underlying soil. The opening size should be a 
maximum to reduce the risk of clogging, while still providing retention of the 
underlying soil.   

8.3.3 Environmental considerations: For most embankment reinforcement 
situations, geosynthetic have high resistance to chemical and biological attack, 
therefore, chemical and biological compatibility is usually not a concern. 
However, in unusual situations such as very low (i.e., < 3) or very high (i.e., > 9) 
pH soils, or other unusual chemical environments such as in industrial areas or 
near mines or other waste dumps, the chemical compatibility of the polymer in 
the geosynthetic should be checked to ensure it will retain the design strength 
at least until the underlying subsoil is strong enough to support the structure 
without reinforcement.    

8.3.4 Constructability requirements: In addition to the design strength 
requirements, the geo-textile tube or geo-grid must also have sufficient strength 
to survive construction. If the geo-textile tube is ripped, punctured or torn during 
construction, support strength for the embankment structures will be reduced. 

8.4 Specifications of geo-textile tubes used in embankments:  
 

Geo-textile tubes should be made of high-tenacity polypropylene yarns 
which are woven into a stable network such that the yarns retain their relative 
position. These geo-textile tubes are often filled hydraulically with slurry of sand 
and water, although many other fill materials may also be used. Each fill port may 
consist of a Geo-textile sleeve having a length of at least 1.5 m and a 
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circumference slightly greater than that of the filling pipe. Sometimes double layer 
of sheets of woven textiles may also be required in consideration of added UV 
protection for a prolonged life and sufficient abrasion resistance. The length of 
tube is generally 20m and diameter is 3 m.  Other sizes can also be manufactured 
based on site specific requirement.The diameter of the Geo-textile tube should be 
minimum of 2.75m and maximum of 4m. Unit weight of the material should be 
more than 330 gm/sqm. 

Based on work taken up in past, the geo-textile tubes should be constructed 
to meet the dimensions, type of materials and properties mentioned in following 
tables (Source: Handbook for Flood Protection, Anti Erosion and River 
Training Works, FMO, CWC): 

Dimensions for Geo-textile tube 

Property/Parameter Units Values 
Geo-textile tube length M 20 

Geo-textile tube diameter M 3 

Filling port length M 2 

Filling port diameter M 0.5 

Filling port spacing M 5 

Seam strength efficiency (=>) % 60-70 
 

Type of fabric for geo-textile tube 

Property Reference for 
Test Method 

Units Values 

Polymer  IS:667 virginity Poly propylene/PET 

Roll dimensions (LxW) n/a m 100mx5m 

Structure n/a n/a Woven with 
multifilament yarn in 
both warp and weft 
directions 

Weight per unit area  ASTM D 3776 gm/m2 >=330 
 

Properties for geo-textile tube 

# 
Properties Marginal   

Value 

Reference for 
Test Method 

Mechanical Properties 

1 Tensile strength (Warp/Weft)(=>) 80/70 KN/m IS 1969(Part 1):2009 

2 Elongation at designated peak tensile load 
(Warp/Weft)(<=) 

25%/25% IS 1969(Part 1):2009 

3 Trapezoid tear strength Warp/Weft) (=>) 1600N/1400N IS 14293:1995/ 

ASTM D 4533 

4 Puncture Strength(=>) 800 N IS 16348:2015/ 

ASTM D 4833 

Hydraulic properties 

1 Apparent opening size(<=) 250 microns IS 14294:1995/ 

ASTM D 4751 

2 Permeability(=>) 18 l/m2/s IS 14324:1995/ 

ASTM D 4491 
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8.5 Installation Procedure 

 
Typical layout 

 
8.5.1 Fill Material - Material for filling the geo-textile tube tubes for coastal and 

riverine applications will normally consist of fine sand dredged from a 
designated borrow site. Suitable material for filling the tubes will contain not 
more than 15 percent fines (percent by weight passing the No. 200 sieve) to 
minimize subsidence of the tubes after filling. If excessive fines are observed 
during the filling process, the contractor should divert the flow until more 
suitable borrow material can be located. If the fill material is known to be 
primarily organic and/or fine-grained material, repeated fillings may be required 
to reach the design elevation of the tube. Considerable care must be taken to 
avoid overstressing the geo-textile tube and inducing creep strains and 
excessive distortion. This type of fill material is not suitable for designs where 
the primary objective is a specified elevation. 

8.5.2 Fill Gradation - Gradation testing of hydraulic fill materials shall be conducted 
in accordance with ASTM D 422. Samples shall be obtained from the dredge 
discharge pipe immediately before inserting the pipe into the fill port. At a 
minimum, one gradation test shall be performed for each 1000 linear feet (300 
m) of fill tube. Extremely large tubes may require more frequent testing. Also, 
additional testing may be warranted at any time that visual inspection of the 
sand fill materials indicate that the percentage of fines may exceed the 
requirements presented herein. The sand gradation report tests shall be carried 
out prior to start of the filling of the tube and post completion of filling of tube. 
This sieve analysis may be carried out in situ also, and gradation curves should 
be made available readily to monitor the fill materials. 

8.5.3 Tube Foundation - The foundation for the placement of the geo-textile tube 
and its scour apron(s) shall be smooth and free of protrusions which could 
damage the geo-textile tube. Remnant timber piles, piers, footings, 
underground utilities, etc., at or below grade, shall be removed if located within 
20 feet (6.0 m) of the project site. Weak or unsuitable foundation material shall 
be removed or stabilized. 

8.5.4 Tube Alignment - Tubes used in coastal and riverine applications normally 
require alignment within 600 mm of the baseline. The alignment can be 
facilitated by a number of methods, e.g., earthen cradles, tie-down straps, or 
physical buttressing. The filled tubes shall have an effective height of 150 mm 
of the specified elevation. Effective height is defined as the height from the 
existing tube foundation to the average top of the filled tube measured every 
7.0 m along the length of the tube between fill ports. Any subsidence of the top 
elevation of the tube below the specified height shall be corrected by 



67 

 

supplemental filling or, if the tube has been damaged, replacement of the tube. 
Filling tubes higher than the manufacturer's recommended height can lead to 
failure during construction.  

8.5.5 At no time shall construction equipment be operated directly on the geo-textile 
tube or its ancillary materials. Filled geo-textile tubes and scour aprons can be 
traversed if 300 mm minimum of soil is covering the geo-textile. No hooks, 
tongs or other sharp instruments shall be used for handling. The geo-textile 
tube or scour apron shall not be dragged along the ground. 

8.5.6 Tube Anchorage - The main geo-textile tube and scour apron shall be 
deployed along the alignment and secured in place as necessary to assure 
proper alignment after filling. No portion of the tube shall be filled until the entire 
tube segment has been fully anchored to the foundation along the correct 
alignment and pulled taut. Tolerance for deviation from the alignment shall be 
plus or minus 600 mm. Means of assuring that the tubes are properly aligned 
within the specified tolerances, shall be incorporated into the placement 
methodology presented in the Plan of Construction. 

8.5.7 Tube Overlaps - Tubes shall be overlapped at end joints or butted together so 
that there are no gaps unless permitted otherwise in the Plan of Construction. 
Beneath the geo-textile tube, the ends of each geo-tube scour apron shall be 
overlapped a minimum of 1.5 m. The effective height of the tube structure at the 
overlap is typically 80% of the specified height. This equates to 300 mm drop in 
effective height at the overlap for a 1.8 m high structure. 

8.5.8 Tube Filling - After completing the deployment and anchorage of the geo-
textile tube, filling with sand from the borrow area shall be accomplished in 
accordance with the approved Plan of Construction. The discharge line of the 
dredge shall be fitted with a "Y-valve" to allow control of the rate of filling. The 
Y-valve system must be fitted with an internal mechanism such as a gate, 
butterfly valve, ball valve, or pinch valve to allow the contractor to regulate 
discharge into the geo-textile tube. Any excess discharge shall be directed 
away from the tubes toward the borrow area. The discharge pipe shall also be 
fitted with a pressure gage as an aid to monitor pressure within the tube. The 
gage can be attached to the discharge pipe continuously or only at times when 
excessive pressure is obvious. It should be noted that internal pressure and 
stress on the tube fabric can vary along the length of the tube; therefore stress 
failure of seams and fill ports is not precluded by simply monitoring discharge 
fill pressure. Discharge pressures at the tube fill port shall not exceed 35 kPa. 
As a rule of thumb, dredged discharge pipes should be limited to 250 mm 
diameter and smaller. This is due to the fact that as dredge discharge size 
increases; the flow rate being delivered by the pump increases greatly, 
increasing the potential for overstressing the tube. Dredge discharge pipes 
below 150 mm are often too small to adequately fill the tube to the proper 
height. Fill ports are sleeves sewn into the top of the geo-textile tube into which 
the pump discharge pipe shall be inserted. Ports are typically 300 to 450 mm in 
diameter and 0.9 to 1.5 m in length. Ports are spaced along the top of the tube 
to provide access to the installer. Spacing is usually no closer than 7.6m to 
accommodate sand slurry but can be as far apart as 30m for some viscous fill 
materials. After pumping, ports are to be closed by tying, sewing or gluing shut. 
After filling the tube the port sleeves shall be closed and attached to the main 
tube in a manner sufficient to prevent movement of the sleeve by wave action. 
Fill ports are fabricated from the same geo-textile as the main tube. 

8.5.9 The dredge discharge pipe shall be free of protrusions that could tear the fill 
port. It is generally accepted practice to support the dredge discharge pipe 
above the fill port in a manner which reduces stress on the fill port seams. 
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Excessive movement of the dredge discharge pipe during filling can result in 
damage to the fill port. If a diffuser is used at the end of discharge pipe, it 
should not extend beyond the outside diameter of the discharge pipe. It is good 
practice to fill long tubes from multiple ports along the length of the tube. This 
reduces stress on the fill port and reduces the risk of sand bridging which can 
cause local stress on the fabric. 

8.5.10 After filling the tube, the port sleeves shall be closed and attached to the main 
tube in a manner sufficient to prevent movement of the sleeve by subsequent 
wave action or other disturbances.  

8.5.11 External Tube Backfilling - If the tube is not to be externally backfilled, the area 
should be left in a neat and properly graded manner. In case the design of the 
Structure requires provision of armour layer, with stones and/or sand over the 
installed Geo-textile tubes, a substantial protective covering of Geo-textile 
materials (Non-Woven, Needle punched, minimum 600gsm) should be 
provided in the between the existing filled Geo-textile tubes and the stone 
armour layer. In any case it is to be ensured that the Geo-textile tube shall not 
be directly exposed to UV radiation or else sufficient protective measures are to 
be adopted 

8.5.12 Height to Width Ratio - The height to width ratio of the fully deployed tube shall 
not exceed a value of 0.5. The height to width ratio is an indicator of the stability 
of the tube in coastal and riverine applications. The design engineer should 
evaluate stability with respect to sliding, overturning, bearing, global stability, 
and overtopping of waves and associated wave forces. 

 
8.6 Quality Control and Assurance 

Since implemented construction procedures are crucial to the success of 
reinforced embankments on very soft foundations, competent and professional 
construction inspection is absolutely essential. Field personnel must be properly 
trained to observe every phase of the construction and to ensure that the specified 
materials is delivered to the project, the geo-textile tube is not damaged during 
construction and the specified sequence of construction operations are explicitly 
followed. The Quality assurance plan has to be provided and reviewed. The Quality 
assurance plan should contain the following: 

 

8.6.1 Material specification requirement and checks during manufacturing and 
fabrication of tubes- specification of material should confirm as per the 
provisions above. 

8.6.2 Site material storage and handling and checks as per particular site 
requirement - transportation, Storage and Handling of Geo-textiles should be in 
accordance with the guidelines. 

8.6.3 Installation Checks as per particular requirement/ field Inspection & laying of 
geo-textile tubes - laying of geo-textile tubes shall be done under the 
supervision of the site in charge. Laying of geo-textile tubes under water should 
be done at least in the presence of concerned Assistant Engineer. Laying work 
shall be inspected time to time by the Executive Engineer. 

8.6.4 All the current geo-textile polymers are relatively stable under normal 
temperature ranges. However, certain changes in mechanical properties may 
occur in some instances, especially in relation to stress-strain characteristics. 
At present, there is no BIS specification for the procedure of determining the 
effects of climatic temperature on the tensile strength and elongation properties 
of geo-textiles. 
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8.6.5 The manufacturer provides the working temperature range of the geo-textile. 
The client should ensure that the temperature during transportation, storage 
and handling of the geo-textile does not exceed its working temperature range. 

8.6.6 ASTM D 4355 is for the measurement of deterioration of geo-textiles by 
exposure to UV light & not by heat 

 

8.7 Cost Consideration 

The cost analysis for a geo-textile tube reinforced embankment includes: 

 geo-textile tube cost– including purchase price, factory prefabrication 
and shipping  

 Site preparation– including clearing and grubbing and working table 
preparation. 

 geo-textiletube placement– related to field workability with or without a 
working table. 

 Fill material– including purchasing, hauling, dumping, compaction, 
allowance for additional fill due to embankment subsidence. 

Following is a sample of the cost incurred per kilometer construction of a typical 
embankment constructed using geo-tubes. Basic price of geo-textile   tube of dia 2.5 m 
and length 25 m has been taken as Rs. 3 lakh per tube. The prices shown are 
indicative only and may not represent the actual prices.  

 

8.8 Cost of construction of geo-textile tube-embankment/km length 

 

esign Assumptions:    

Length of embankment = 1000 m 

Top width = 5 m 

R/S slope = 2 :1 

C/S slope = 3 :1 

Average height of embankment = 5 m 

Considering above assumptions    

Base width = 30 m 

Average cross sectional area = 87.5 m2 

R/S slope length = 11.2 m 

C/S slope length = 15.8 m 

Considering 1 over 2 Geo tubes of dia 2.5 m 
and length 25 m as core of the embankment, 
nos. of geo tubes 

= 120 Nos 

Volume of slurry in one geo tube = 123 m3 

Total length of pile , assuming 4 piles @ 25 m 
c/c 3 m above the ground, for profiling 

= 492 m 

Total length of pile , assuming 4 piles @ 25 m 
c/c 2 m below the ground, for profiling 

= 328 m 
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Estimate: 

 
Item of Work Quantity Unit Rate 

(Rs.) 
Amount 
(Rs.) 

1 Earth work in grabbing the seat (0.45 m 
deep trench) of the embankment by 
removing the sludges/ undesirable, foreign 
materials and refilling the same with 
selected soil (1000*30*.45). (rates as per 
analysis no. 10.1.1) 

13,500 m3 58.31 7,87,136 

2 Earth work in embankment by truck 
carriage in all kinds of soils excluding 
sandy rocky soil free from roots and 
vegetation and filling in uniform layers not 
exceeding 22.50 cm thick including cutting 
and clearing light jungles and trees any 
etc. .(1000*87.5) (rates as per analysis no. 
10.1.2). 

72,768 m3 275.11 2,00,19,192 

3 Supply and transportation of geo-textile 
tube with requisite qualities 

120 Nos 3,00,000 3,60,00,000 

4 Filling and laying of geo-textile tubes 14,732 m3 246 3,6,24,107 

5 Turfing with grass sods of largest possible 
rectangle of 12 mm thickness placed 
closely including dressing earth, pegging, 
ramming and watering till the grass grows 
for a lead upto 90 m and all lifts complete 
as directed on both slopes 
(1000*(11.2+15.8)) (rates as per analysis 
no. 10.1.3) 

26,992 m2 8.11 2,18,792 

6 Collection and supply of boulders/gravel 
from approved quarry free from dust dirt 
and any foreign materials (1000*5*0.15) 
(rates as per analysis no. 10.1.6). 

750 m3 537.75 4,03,310 

7 Spreading of earth stack over the crest and 
in uniform layers not exceeding 30 cm 
thick (1000*0.15*5) (rates as per analysis 
no. 10.1.4) 

750 m3 45.98 34,486 

 Total    6,10,87,023 

 Add 1.5% contingency    9,16,305 

 Grand Total   Rs 6,20,03,328 
 

(Source: Handbook for anti erosion flood protection & river training works, 

published by Flood Management Organisation, CWC) 
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9. DELIVERY, STORAGE AND HANDLING 

 

For a Geo-textile to be properly used it must be adequately identified and 
packaged. It must be handled and stored in such a way that its physical property 
values are not degraded. Failure to follow good practice may result in the unnecessary 
failure of the Geo-textile in a properly designed application. 

 

9.1 Packaging and Identification 

For geo-textiles, cover each roll with a wrapping material for protection from 
damage due to shipment, water, sunlight, or contaminants while being stored or 
handled in accordance with this guide line. Identify each roll with a durable, glued label, 
or equivalent, either clearly readable on the roll packaging, on the outer wrap when no 
packaging is required. Roll identification should include, at minimum, the name of the 
manufacturer or supplier, product name or style number, and the unique roll number. 
Any other unique characteristics shall be clearly identified. All designations should be 
readable for clear identification. The Geo-textile bags shall be packaged in bundles of 
minimum 25 Nos. per bundle to maximum of 100 Nos. per bundle. The bundles should 
be packed and labeled suitably; each bundle shall have a unique identification number. 
The Geo-textile tube shall be packaged individually in fold or roll format. The tube 
should be packed and labeled suitably; each tube shall have a unique identification 
number and reference roll number from which Geo-textile roll from the fabrication is 
carried out. 

9.2 Transportation and Unloading 

While unloading or transferring the Geo-textile from one location to another, 
prevent damage to the wrapping and to the Geo-textile itself. If practicable, use fork lift 
trucks fitted with poles that can be inserted into the cores of rolls. Be sure that the 
lengths of the poles are at least two thirds the length of the rolls to avoid breaking the 
cores and subsequently damaging the Geo-textile. Slings may be used to carry 
relatively rigid rolls of Geo-textile provided that the slings do not cause damage to the 
rolls. Do not drag the rolls as dragging may result in damage. 
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                                     Material unloading using crane at site 

 

 

Geo-textile material stacked in form of rolls 

9.3 Storage and Handling: 

The storage yard shall be located in a suitable-sized area depending on the 
quantity of materials required for the project. The layout of the storage yard should be 
planned with due consideration to the movement of trucks and other heavy equipment 
that would be involved in the handling i.e. loading and unloading. The following aspects 
shall be considered for efficient handling and safe storage of materials. 

 

9.3.1 Proper illumination shall be provided at important places to facilitate loading 

and unloading operations of materials during the night. 
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9.3.2 The surface upon which the Geo-textile materials or products may be placed 

should be adequately leveled and shall be free of protrusions that may 

cause snag and tear the fabric. Protrusions could be like ruts, erosion rills, 

depressions or debris, or any obstruction greater than 150 mm in height. 

9.3.3 The Geo-textile materials or products must be handled with care. Under no 

circumstances, the Geo-textiles shall be dragged along the ground. They 

shall not be handled with hooks, tongs or any other sharp instruments 

which can cause damage to the fabric. In order to load and unload the 

material, appropriate handling equipment and techniques recommended by 

the manufacturer shall be used. Proper care shall be taken during the 

unloading of material at site upon delivery. The rolls shall be lifted with the 

help of slings attached to the hook of the crane. 

9.3.4 Fire can inflict huge loss and damages to the materials stored in the yard. 

Therefore, adequate numbers of fire extinguishers shall be available inside 

the warehouse. 

9.3.5 Ensure physical verification of the whole consignment as per packing details & 

check for any visual damage. 

9.3.6 Each type of material should be kept location wise for easy tracking and 

subsequent movement of material. The material shall be identified from the 

Identification label attached to every bundle. 

9.3.7 Geo-textile materials or products shall be stored in such locations where water 

shall not accumulate and the area should be immune from conditions that 

may affect the properties or performance of the product. 

9.3.8 Under no circumstances, the Geo-textile materials or products should be 

exposed to temperatures in excess of those recommended by the 

manufacturer or 140°F (60°C), whichever is less. Outdoor storage shall not 

extend beyond the period as per manufacturer’s recommendations or 2 

months, whichever is less. Geo-textile materials or products shall not be 

exposed to direct sunlight prior to deployment for more than 14 days. The 

Geo-textile materials or products should be kept covered as per the 

recommendations of the manufacturer. 

9.3.9 Storage yard shall be provided with proper security arrangements for 

prevention of unauthorized entry, theft and damage. 



i 

 

Appendix 
Annex-I 

Design of Revetment as per IS 14262 

 

1 GENERAL DESIGN FEATURES 
1.1 Dry Revetment 

Stone used in revetment for river bank protection is subjected to hydrodynamic drag and 
lift forces. These destabilizing forces are expressed in terms of velocity, tractive force, etc. 
The stabilizing forces acting against these are component of submerged weight of stone 
and downward component of the force caused by contact of the stones. 

Weight of the stone on horizontal bed may be expressed as: 

 

Where: 

W = weight of stone in kg, 

 = specific gravity of stone, and 

V = mean velocity of water in m/s over the vertical under reference. 

The weight of stone worked out is the minimum required. Use of higher weight stones will 
be based on the material available at site, ease of construction, factor of safety, etc. 

 

1.2 Effect of Specific Gravity 

In practice, density of stone could vary from 2 000 to 3 300 kg/m3. The actual density of 
stone should be determined for calculating the weight of stone given in 1.1. 

 

1.3 Effect of Bank Slope and Angle of Repose 

The weight of stone estimated for horizontal bed would not be sufficient for same velocity 
on the sloping bank because only component of self-weight normal to the slope acts as a 
stabilizing force. Therefore, for sloping banks, the weight has to be increased. The limiting 
value for the slope is the angle of repose of material of sub-base. Correction factor K for 
computing weight of stone on sloping face may be obtained from the following equation: 

 

Where: 

θ = angle of bank slope with horizontal, and 

 = angle of repose of material of protection works 

Thus the weight of stone would be 
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For river training works, sub-base is to be graded to a stable slope depending upon the 
angle of repose and cohesion of bank material under saturated condition, and the height 
of the bank. For high bank a berm may be necessary. For important works stability of 
bank with designed slope and berm should be checked by slip circle method or by soil 
dynamic testing procedures. Mere large size stones/crates would not be adequate for 
protection if the same is not laid on a stable base. For normal bank protection a slope of 2 
H: 1 Vor flatter is recommended. 

1.4 Size of Stone 

Size of the stone Dsmay be determined from the following relationship: 

 

Where: 

W = weight of stone in kg, and 

SS = specific gravity of stones. 

Minimum dimension of the stones should not be less than Ds as obtained above. From the 
worked out weight and known specific gravity, the volume of stone should be calculated. 
Generally, the size of stone should be such that its length, width and thickness should be 
more or less the same, that is stone should be approximately cubical. Round stones or 
very flat stones having small thickness should be avoided. 

 

1.5 Thickness of Protection Layer 

Minimum thickness of protection layer is required to withstand the negative head created 
by velocity. This may be determined by the following relationship: 

 

Where:  

T = thickness of protection layer in m, 

V = velocity in m/s, 

g = acceleration due to gravity in m/s2, 

 = specific gravity of stones. 

For safety purposes, two layers of stones according to the size obtained in 1.4 above 
should be provided. 

 

1.6 Stones in Crates 

At high velocities, weight of stone determined from relationship given in 1.3 works out very 
high which makes handling and placing of stones difficult. Under such circumstances, 
small stones in crates are generally used. However; the specific gravity of the crate is 
different from that of the individual stone due to presence of voids. Porosity in crates may 
be worked out by the formula: 
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Where: 

 = mean diameter of stones used in crate in cm 

Mass specific gravity S, of crates may then be determined from the equation: 

 

Volume of the crate should be determined using Sm. 

Crates should be laid with longer dimension along the slope of the bank. The size of the 
mesh of crate should be smaller than the smallest stone in the crate. The mesh should be 
double knotted. GI wire of minimum diameter 4 mm should be used for crates. Crate units 
may be tied to each other by 5 mm GT wire as additional precaution.  

If crates are provided in layers, each layer should be tied to lower and upper layer at 
suitable intervals with 4 mm GI wire.  

Launching apron should not be tied to crate on slope.  

Typical dry stone revetment is shown in the following Fig. 

 

 

2 Design of Apron  as per IS 10751 

Launching apron should be provided for protection of toe and it should form a continuous 
flexible cover over the slope of the scour hole in continuation of pitching up to the point of 
deepest scour. Launching apron should be laid at normal low water level, or at as low as 
techno-economically viable. The stone in the apron should be designed to launch along 
the slope of the scour hole so as to provide a strong layer that may prevent further 
scooping out of the river bed material. The size and shape of apron depends on the size 
of stone, thickness of launched apron, the depth of scour and slope of launched apron. 

2.1 Thickness of Launched Apron 

The thickness of the launched apron should be 25 to 50 percent more than the thickness 
of the pitching on the slopes. 
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2.2 Depth of Scour 

The extent of scour depends on angle of attack, discharge intensity, duration of flood and 
silt concentration, etc. 

The regime depth D may be determined as given below: 

for waterway equal to or more than lacey’s waterway. 

In case where the waterway is less than lacey’s waterway and also the flow is non-
uniform, D may be calculated as: 

 

Where: 

D = scour depth in m, 

f = silt factor 

   =  where d is the mean diameter of river bed material in mm, 

Q = discharge in cum/s, 

q = intensity of discharge in cum/s/m. 

2.3 Slope of Apron after Launching 

The slope of launched apron may be taken as 2 H: 1 V for loose boulders or stones and 
1.5 H: 1 V for concrete blocks or stones in wire crates. Adequate quantity of stone for the 
apron has to be provided to ensure complete protection of the whole of the scoured face 
according to levels and slopes as determined in 2.2. 

 

2.4 Size and Shape of Launching Apron 

 

2.4.1 After determining the thickness of launched apron as described in 2.1 and the level 
of design scour, the quantity of stone required for launched position of apron from 
laid level to design scour level can be calculated. The quantity of stone so 
calculated may be provided in a wedge shape having a width of 1.5Ds and average 
thickness, T. (as shown in following figure): 
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Thickness of laid apron may be kept 0.8T near the toe of the guide bank and 1.2T at the 
river end. 

2.4.2 Minimum loss of stones occurs when the apron is placed at the lowest possible 
level, since the launching width is minimum. Apron should be laid at as low a level 
as economically viable. 

 

Annex-II 

SL. 
No. 

DESCRIPTION OF ITEM UNIT 

RATE 
FOR 
ALL 
DIVISI
ONS 

1.16 Supply of continuous filament , needle punched, 100% 
polypropylene UV stabilized non woven Geo-textile used 
as a filter in Anti-erosion works as per specification given 
below including carriage of material to work site 
complete. (The rate is inclusive of all taxes, duties and 
transportation charges as applicable) 

Specification: 

1. Physical Properties:- 

i) Mass per unit Area (IS 15891(Part 
1):2011/ASTM D 5261) – 280 Gms/m2 

ii) Thickness (IS 15891(Part 2):2011/ ASTM 
D 5199) – 2.50 mm. 

2. Mechanical Properties:- 

i) Tensile strength (Wide width) (IS 
15891(Part 3):2011/ASTM D 4595) – 19 
KN/m 

ii) Grab tensile strength (ASTM D 4632) – 
1090 KN 

iii) Trapezoidal tear resistance (IS 
14293:1995/ASTM D 4533) – 445 N. 

iv) Rod Puncture Strength (IS 
16348:2015/ASTMD 4833) – 550 N. 

3. Hydraulic Properties:- 

i) Permeability (IS 14324:1995/ASTM D 
4491) – 0.03 mm/sec 

ii) Apparent opening size (IS 
14294:1995/ASTM D 4751) – 0.09 mm. 

iii) Permitivity (IS 14324:1995/ASTM D 4491) 
– 0.012 /sec 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sqm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

120.00 

The guideline has been formulated with the help of following references: 
 

i) Geo-synthetic design and Construction Guidelines (Participant Notebook), 
National Highway Institute (NHI Course No. 13213), US Department of 
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transportation, Federal Highway administration, Publication no. FHWA HI-95-038, 
Revised April 1998. 

ii) Engineering Use of Geo-textiles, Departments of the Army and the Air Force 
(Army TM 5-818-8, Air force AFJMAN 32-1030), 20 July 1995. 

iii) Handbook on flood protection, anti-erosion and river training works, Central Water 
Commission (CWC) 

iv) GRI Test Method GT11, Standard Specification for “Installation of Geo-textile 
Tubes used for Coastal and Riverine Structures” Geo-synthetic Institute, 475 
Kedron Avenue, Folsom, PA 19033-1208 USA 

v) GRI Test Method GT10, Standard Specification for “Test Methods, Properties and 
Frequencies for High Strength Geo-textile Tubes used as Coastal and Riverine 
Structures”, Geo-synthetic Institute, 475 Kedron Avenue, Folsom, PA 19033-1208 
USA 

vi) Interpretation of Geo-synthetics Specifications, 2012, BTRA publication code 
08.2.36 

vii) Handbook of geo-textiles, 2012, BTRA publication code 08.2.34 
viii) Programme of work of Geosynthetics Sectional Committee, TXD 30 of Bureau of 

Indian Standards, New Delhi  
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Annex-III 

ANNEX A 

 

METHOD OF TEST FOR ISOPHTHALIC ACID CONTENT OF THE VIRGIN 
POLYESTER FIBER 

 

A-1 PRINCIPLE 

 

A-1.1 This method is applicable to measure Isophthalic acid content in polyethylene 
terephthalate sample. The polymer sample is digested in benzyl alcohol, depolymerized 
then esterified to dibenzyl isophthalate, dibenzyl terephthalate and glycols. Isopropyl 
titanate is added as a depolymerisation catalyst. The sample is analyzed by gas 
chromatography and the peak areas of the two esters are used to estimate the weight 
percentage dimethyl isophthalate using an internal standard. 

 

A-2 POTENTIAL ENVIORMENT ISSUE 

 

A-2.1 In case of spillage, it can lead to pollution near the workplace area and environment 
hazard. After analysis sample is disposed as per laid down procedure. 

 

A-2.2 Hydrogen, Nitrogen and Instrument air are used during analysis. The Hydrogen gas 
has no adverse ecological effects are expected. Hydrogen does not contain any Class I or 
class II ozone depleting chemicals. However hydrogen is explosive. Gaseous Nitrogen is 
an inert Non- Flammable gas. High concentration in air may cause deficiency of Oxygen 
with the risk of unconsciousness and death. Chloroform in High concentration in air can 
kill most animals in few minutes. 

 

A-3 POTENTIAL SAFETY, OCCUPATIONAL HEALTH ISSUES 

 

A-3.1 Proper PPE’s like Safety goggles, Apron, surgical hand gloves to be used  

A-3.2 Glassware is to be handled with care. 

A-3.3 Leak check to be carried out while handling of gas cylinder. 

A-3.4 Glassware is to be handled with care. 

A-3.5 Inhalation of Chloroform causes dilation pupils with reduced reaction to light as well 
as reduced intra occult pressure, Irritation of mucous membrane, conjunctiva. If contacted 
with skin and eyes cause irritation. Seek medical advice if inhaled. 

A-3.6 Use leather hand gloves while handling hot apparatus and equipment’s. 

 

A-4 APPARTUS   

 

A-4.1 Gas chromatograph Prekin Elmer Autosystem XL with flame ionization detector. 

A-4.2 Capillary column 60m length and 0.53 mm ID   
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A-4.3 Dispensette or Pipette 2ml, 5ml  and 10ml.   

A-4.4 Volumetric flask 100ml, 500 ml. 

A-4.5 Beaker. 

A-4.6 Funnel. 

A-4.7 50 ml flask. 

A-4.8 Heating mental ( To maintain temperature 250C). 

A-4.9 AR grade Dimethyl isopthalate (DMI) 

A-4.10 AR grade Benzyl alcohol. 

A-4.11 AR grade Chloroform. 

A-4.12 AR grade Isopropyl titanate 

A-4.13 AR grade Di methyl suburate 

 

A-5PREPARATION   OF STANDARD SOLUTIONS  

A-5.1 Stock Dibenzyl Suburate (Int. Stnd.) Solution 

Take 1.0 ± 0.01g of DMS (Dimethyl Suburate). Add 100ml of benzyl alcohol   & 6 to 7 
drops of Isopropyl titanate digest it for 2hrs. Allow it to cool up to room temperature then 
make the volume to 500ml by carefully rinsing the flask by isopropyl alcohol. Dimethyl 
Suburate will get converted into Dibenzyl Suburate(DBS). Mark the stock solution as DBS 

per 2ml  X·XXXX mg 

A-5.2 Stock DMI Solution 

Take 0.2 ± 0.01gm of DMI (Dimethyl Isopthalate). Add 40ml of benzyl alcohol   & 6 to 7 
drops of Isopropyl titanate digest it for 2h. Allow it to cool up to room temperature then 
make the volume to 100ml by carefully rinsing the flask by isopropyl alcohol. This is will be 

converted to Dibenzyl Isopthalate (DBI). Mark the stock solution as DBI per 2ml  X·XXXX 
mg 

A-5.3 Standard Solution for Response Factor 

Take 2ml of solution (a)& 2 ml of solution (b). Add 10 ml of Chloroform. 

A-5.4   2.0 Percent Standard IPA Stock Solution 

Weigh out accurately 0.200 ± 0.005 g of pure DMI powder into round  bottom flask, add 30 
ml of benzyl alcohol and 3 drops of Isopropyl titante, reflux the solution for 5 h reagent and 
dilute to 100 g  by Isopropyl Alcohol, calculate actual DMI concentration by considering its 
purity  and label the flask with  actual weight taken. Consider this weight during calculation 
of IPA by GC. 

 

A-5.5   2.0 Percent Standard IPA Solution for GC Injection 

 

Take 2.0 ml IPA stock solution and add 2 ml Internal standard (Stock Dibenzyl Suburate 
Int. Stnd. Solution) and further add 10 ml of chloroform, same bottle to be labeled as 2.0 
percent IPA Inject 1 micro litre in GC. 

 

A-6 CALIBRATION FOR PERFORMANCE CHECK – TWICE /MONTH STANDARD 

CHIPS 
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A-7 ANALYTICAL  PROCEDURE 

Inject 1 micro litre of STANDARD SOLUTION FOR RESPONCE FACTOR (RRF) and 

calculate response factor. Inject 1 micro litre of 2 percent standard IPA solution. If value of 

2.0 percent Standard IPA solution is varying in the range of 0.01 percent, then there is no 

need for change in response factor. If there is deviation in value then rerun standard 

solution for response factor (RRF).Weight 0.2 ± 0.02g of chips into the round bottom flask. 

Add 2 ml of  benzyl alcohol. Add 3 drops of isopropyl titanate. Digest the solution for 1 h. 

Allow it to cool up to room temperature. Add 10 ml of chloroform. Add 2ml of Internal 

Standard solution. i.e. sol (a) and shake vigorously.  Inject 1micro litre of sample solution 

into gas chromatograph. 

A-8 CHROMATOGRAPH  SETTINGS 

Injector temperature   :  300 OC 

Detector temperature  :  320oC 

Oven temperature       :  270°C 

Gas flow rates 

Nitrogen     :  20 psig 

Hydrogen   :  30  10 ml/min 

Air              :  300  20 ml/min 

Attenuation:   -4 

Range         :   1 

A-9 CALCULATION  

A1 x M2 

         Response factor (RF) = ------------ 

A2 x M1 

where 

A1= area of (DBS) Dibenzyl Suburate (Int.  Stnd.)solution 

M1 = mass in mg of DBS in solution. 

A2  =  area of DBI in. stnd  solution. 

M2  =  mass in mg  of  DBI Int. Stnd. solution.             

 

 

RF x mass in mg Int. Stnd.x Area  of  IPA in sample  x 100 

 % IPA   =   ------------------------------------------------------------------- 

                  Mass of sample in mg x Area of Int. Stnd. in sample 
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 B) GUIDELINES FOR INSTALLATION OF GEOTEXTILE FOR PERMANENT 

EROSION CONTROL IN HARD ARMOR SYSTEMS 

1 SCOPE 

1.1 This standard prescribes guidelines for installation of geotextile for permanent erosion 
control in hard armor systems. It does not apply toother types of geosynthetic erosion 
control materials such as turf reinforcement mats. 

2 SURFACE PREPARATION 

The slope or bank shall be graded smoothly and be free from obstructions, depressions 
and soft pockets of material by clearing vegetation, large stones, limbs, stumps, trees, 
brush, roots and other debris. The surface shall be compacted. Any pockets of soft soil 
shall be removed and replaced with compacted earth material to provide a consistently 
uniform and strong, stable surface. Remove all sharp objects and large stones.  

NOTE –Excessive soft spots or voids may be unsuitable for geosynthetic 
installation.  

3 DEPLOYMENT OF THE GEOSYNTHETIC 

3.1 Unroll the geosynthetic directly on the prepared soil. It shall not be exposed to ultra-
violet (UV) deterioration for more than one week in case of untreated geotextiles and for 
more than 30 days in case of UV protected and low UV susceptible polymer geotextile. 
The geosynthetic shall be placed parallel to small ditch and stream alignments and 
perpendicular to lake or ocean shores to minimize the exposure of the geosynthetic to 
current or wave uplift.  

3.2 Secure the geosynthetic in place using 15 to 45 cm steel pins, pointed at one end and 
fitted with 40 mm metal washer at the other end or staples. Longer pins are advisable for 
use in loose soils. The pin spacing dependant on slope shall be as follows: 

Slope    Pin Spacing, mm 

Steeper than 1 V over 3 H  600 

1 V on 3 H to 1 V on 4 H  900 

Flatter than 1 V on 4 H           1 500 

 

3.3 Do not drag the geotextile or mishandle in any way. Loosely place the geotextile 
without wrinkles or folds and with no void spaces between the geotextile and the surface 
so that it does not tear. Lap or sew the geotextile at the ends and sides of adjoining 
sheets as specified by the construction drawings or by the Engineer. Successive sheets of 
geotextiles shall be overlapped a minimum of 500 mm with the upstream sheet 
overlapping the downstream sheet in order to provide continuous erosion protection.    

3.4 When used for wave attack or cut and fill slope protection, the geotextile shall be 
placed vertically down the slope and the upslope strips shall cover the downslope strips. 
In case of slopes, place the geotextile with the machine direction oriented up-down. 
Stagger the overlaps at the end of the strips at least 1 500 mm. The geotextile shall be 
anchored at its terminal ends to prevent uplift or undermining. For this purpose, key 
trenches and aprons are used at the crest and toe of the slope.  

3.5 When used for stream bank protection, where currents acting parallel to the bank are 
the principal erosion forces, place the geotextile with the machine direction in the direction 
of the anticipated waterflow. The upper strips of the geotextile shall overlap the lower 
strips.  
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3.6 On curves, the geosynthetic may be folded or cut to conform to the curves. The fold or 
overlap shall be in the direction of construction and held in place by pins, staples, or piles 
of fill or rock. 

3.7 If geotextiles are placed under water or in areas where water will flow, a geotextile 
material of a density greater than that of water shall be selected. The geotextile may be 
placed with the machine direction parallel to the direction of water flow. Overlap sheets 
such that upstream sheet is placed over the top of the downstream sheet. Adequately 
secure the geotextile to prevent slippage. As the geotextile is placed under water, place 
the backfill material on it to the required thickness. Do not place the geotextile more than 
15 m ahead of the specified cover material.       

3.8 When field sewn seams are required, sew field seams with polymeric thread 
consisting of polypropylene or polyester and as resistant to deterioration as the geotextile 
being sewn. Use a colour of thread that contrasts with the geotextile being sewn so that 
the stitches are exposed for inspection when the geotextile is placed. Seams shall meet 
the testing requirements given below: 

a) Use two rows of lock type stitching, to make the seams. The two rows of 
stitching shall be 12 mm apart with a tolerance of ± 6 mm and not cross except for 
restitching. 

b) The minimum seam allowance (the minimum distance from the edge of 
geotextile to the nearest stitching shall be: 

  Flat or Prayer Seam, Type SSa-1  40 mm 

  “J” Seam, Type SSn-1   25 mm 

  Butterfly-folded Seam, Type SSd-1 25 mm 

c) Obtain the geotextile manufacturer’s recommendation for the type of seam and 
stitch to be used. If the contractor does not obtain and provide this information, use 
a “J” seam with at least three stitches per 25 mm. The flat or prayer seam may be 
used for repair or damaged in-place geotextile.  

3.9 Adjacent geotextile strips shall have a minimum overlap of 300 mm along the edges 
and at the ends of the rolls. Specific application may require additional overlaps. Sewing, 
stapling, heat welding, or glueing adjacent panels, either in the factory or on site are 
preffered to lapping only.  

3.10 Prior to covering, the geosynthetic shall be inspected by a certified inspector of the 
Engineer to ensure that the geosynthetic has not been damaged during installation. 
Damaged geosynthetic shall be repaired or replaced immediately.In case the geotextile is 
damaged during installation, or aggregate placement, a geotextile patch shall be placed 
over the damaged area extending beyond the damaged area a distance of 300 mm, or the 
specified seam overlap, whichever is greater.  

3.11 The geotextile shall be laid at the proper elevation and alignment as shown on the 
construction drawings. The geotextile shall be installed in accordance with the installation 
guidelines provided by the manufacturer or as directed by the Engineer. The geotextile 
may be temporarily secured in place with ties, staples, pins, sand bags or backfill as 
required by fill properties, fill placement procedures or weather conditions or as directed 
by the Engineer.  

3.12 Place, spread, and compact granular fill material in such a manner that minimizes the 
development of wrinkles in or movement of the geotextile.  
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4 PLACEMENT OF THE COVER MATERIAL 

The cover material such as armor, riprap or concrete blocks shall be placed in accordance 
with accepted practices. For sloped surfaces, placement of the cover material shall start 
from the base of the slope moving upward and preferably from the centre outward to limit 
any partial movement of soil because of sliding. The drop height shall be held to a 
minimum and care shall be exercised to avoid damage to the geosynthetic. If a drop 
height greater than 100 cm is anticipated, a heavier, more durable geosynthetic shall be 
required.  

5 PROTECTION OF GEOTEXTILE  

5.1 Protect the geotextile at all times from ultraviolet (UV) rays, contamination by surface 
runoff and construction activities. Traffic or construction equipment shall not be permitted 
directly on the geotextile except as directed. 

5.2 During installation, cover the geotextile with specified cover material as soon as 
possible. Do not leave in uncovered condition for more than five days, except when used 
with temporary, wrap faced, mechanically stabilized earth walls and asphalt overlays.  

5.3 Place the cover material on the geotextile in such a manner that the geotextile is not 
torn, punctured or shifted. Do not end dumping cover material directly on geotextiles other 
than riprap geotextile. 

6 INSPECTION 

6.1 The owner or owner’s representative may randomly inspect geotextile before, during 
and after (using test pits) installation. 

6.2 Any damaged or defective geotextile (that is frayed coating, separated junctions, 
separated layers, tears, etc) shall be repaired/replaced in accordance with 7. 

7 DAMAGE REPAIR 

7.1 Repair or replace all torn, punctured or contaminated geotextiles during placement of 
the armor. Clear the damaged area, plus an additional 1 m around it, of all armor material 
and cover it with a patch of the specified geotextile that extends 1 m beyond the perimeter 
of damage. The patch should be placed beneath the damaged geotextile and pinned. 
Then carefully replace the armor material.  

7.2 Where geotextile seams are required to be sewn, repair any damaged sheet by 
sewing unless otherwise indicated on the plans or special provisions, as directed below: 

a) Embankment Geotextile – Construct embankment stabilization according to 
details shown on the plans. Place the geotextile layers so that the geotextile 
machine direction is transverse to the embankment centerline. Spread the 
geotextile so that all slack and wrinkles are eliminated. Construct embankment in 
uniform layers. 

b) Riprap Geotextile – Place geotextile behind and beneath riprap, buttresses, 
inlays, shear keys and erosion control applications according to the details shown. 
Demonstrate to the satisfaction of the Engineer that the combination of the rock-fill 
drop height and the thickness of any aggregate cushion, when specified or 
required, is adequate to prevent puncturing or damaging the geotextile when 
placing the riprap or stone embankment material, the following limits shall apply: 

Maximum Drop Height, m 
Size of Rock  Onto Geotextile Material Onto an aggregate Cushion Blanket 
Greater than 90 kg  
90 kg or less   1     1 
After placing the riprap, backfill all voids in the riprap face so that the geotextile is 
completely covered and not visible 
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Case Studies 

CASE STUDY 1:  

Project: Geo-textile tube sea wall at Uppada, Andhra Pradesh                                 

Name of the Client:Irrigation& CAD Department, Govt. of Andhra Pradesh 

Year: 2008 to 2011 

Project Details: Coastal area of Uppada village in East Godavari district and the nearby 
villages namely Subbammapeta and Ameenabada are subjected to severe sea erosion for 
the past several years. A Geo-textile tube sea wall was proposed to be built along the 
coast line to prevent the erosion. The materials identified for the construction includes 
geo-textile tubes, geo-textile bags and woven geo-textile and polymer rope gabions. Geo-
textile tubes made of polypropylene woven geo-textile, each 20m length and 3m diameter 
has been used as the core of the sea wall. 

The performance of geo-textile tube sea wall with polymer rope gabions as armour 
layer is well appreciated after the recent cyclones. As the dredged sand or locally 
available soils are used as fill material, geo-textile tubes are cost effective. Compared to 
conventional structures, geo-textile tube structures are 20 to 40 % cost effective 
depending on the site conditions. Successful case histories have proved & established the 
defense of geosynthetic structures along coastal & shore lines.  

 

Cross-section of Geo-textile tube Sea Wall           Geo-textile Tube Sea Wall after 
completion 

Installation methodology for Polymer Rope Gabions with geo-textile bags  

 

Polymer Rope gabions are made from woven polypropylene ropes which are filled with 
geo-textile bags made from high strength woven geo-textile. Polymer Rope gabions filled 
with geo-textile bags are very cost effective, as the sand dredged or excavated from the 
nearby areas is used as a filler material inside the geo-textile bags. Thus serves as an 
alternative as compared to boulder fill, in areas where suitable rocks or boulders are not 
available.  These gabions or mattresses can be configured to form a variety of extremely 
flexible and monolithic structures like Erosion and scour protection revetments and 
aprons, various types of hydraulic and coastal protection structures like weirs, check 
dams, groynes etc.  

 

In –situ installation of Polymer Rope Gabions requires filling of the Gabion with geo-textile 
bags filled with sand and carefully placing in desired position. The polymer Gabions are to 
be kept in position initially using a pipe or bamboo frame. . The polymer Rope Gabions 
are to be secured by closing the lid and tying it with lacing wire of the same diameter as 
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that used for the Polymer Rope Gabion. The lacing wire is also used to tie the adjacent 
Polymer Rope Gabions together, to form a monolithic structure.  

 

In case of underwater placement, the Gabions are filled up with geo-textile bags as 
described above. These are then lifted individually with a crane, with the help of a suitable 
lifting arrangement using a frame attached to the slings. A representative lifting 
arrangement is shown in fig. 2. The boom of the crane is then extended up to the required 
distance and then lowered down to place the gabion under water.  

 

 

Fig. 1: Geotextile bags filled with sand 

 

Fig. 2: Placing the filled gabions under water using crane 

 

 

 



xv 

 

CASE STUDY 2:  

Project: Gabion Gravity Retaining Wall, Lanjigarh, Orissa 

Name of the Client:  Vedanta Aluminium Limited 

Year: 2010 

Project Details: A 30.0 m high soil slope was to be retained to safeguard and protect the 
chimney and peripheral road adjacent to the slope. For this purpose, gabion gravity 
retaining wall in two tier configuration with sloping soil surcharge at the top was proposed. 
As gabion structure is porous by nature, geo-textile is used as filter material behind the 
wall to prevent escape of soil particles.  

 

 

 

 

 

 

 

 

 

 

 

Two – Tier Gabion Gravity Retaining Wall 

CASE STUDY 3: 

Project: Reclamation Work using Geo-textile Containers at Port Terminal, Hazira 

Name of the Client:AdaniHazira Port Private Limited, Ahmedabad 

Year: 2011 

Project Details: As a part of land reclamation work at the port terminal, slope of height 
10m was supposed to be protected against erosion by the waves. Hence to protect the 
reclaimed land from getting eroded due to the harsh marine environment, geo-textile 
containers filled with local available sand is stacked one above the other to form the 
required slope. Polymer rope gabions filled with stones was provided as launching apron 
to prevent scouring of the toe. 
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Reclamation using Geo-textile Containers 

CASE STUDY 4: 

Project:DoodhgangaCanal Lining , Kolhapur, Maharashtra                              

Name of the Client:Doodhganga Canal Division 

Year: 2006 to 2012 

Project Details: A portion of the canal lined with concrete had failed completely leading to 
seepage losses upto 30%.  Seepage from the canal was not controlled which has 
reflected in water logging of adjoining creek and land areas. 

To effectively prevent the seepage losses, geosynthetic lining using 1 mm thick 
HDPE geo-membrane was proposed. Nonwoven geo-textile was used along with geo-
membrane at the top and bottom to protect the geo-membrane from puncturing. At the 
top, 75 mm thick concrete cover of M10 grade was used to prevent damage and 
vandalism of liners and for effective performance of the liner in the long run. 

 After installation of the geosynthetic liner, seepage from the canal was stopped 
completely indicating the use of geosynthetic liner to effectively prevent the seepage of 
water.  

 

 Installation of Liner                                                                Canal after Lining 

 

 



xvii 

 

 

CASE STUDY 4 

Project: Emergent Works for the Protection of Rohmoria Area in Dibrugarh District, 
Assam, India 

Name of the Client: Water Resources Department, Assam 

Year: October 2011 to April 2012 

Project Details: Rohmoria, in the upper reaches of the Brahmaputra River in Assam, is 
an area most severely affected by river erosion. This area is located about 20 to 30 km 
away from Dibrugarh town in the upstream direction of the south bank of Brahmaputra 
River. The area has witnessed erosion for the last sixty years and more than 25 villages 
had been wiped out by erosion. Water Resource Department suggested the use of 
Geotextile Bags for the bank protection. The height of slope was approximately 5.5m. The 
bank and bed protection were done with Geotextile Bags placed on geotextile filter layer. 
Peripheral strips of Steel Gabion and PP rope gabions filled with layers of geotextile bags 
were placed at regular intervals to impart further stability to the scour protection 
measures. 

  

     Scouring of the Banks of Brahmaputra                   Placement of Geotextile Bags 

 

  

Condition during Flood                                      Condition after Flood 
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Condition after 2 years 

CASE STUDY 5 

Project: Installation work in connection with the repairing protection and 
preservation/strengthening work of our existing River Embankment at River Ganges near 
Export Jetty area at your Jute Mill at 19, Mehta Road, Bade Kalinagar, Budge Budge, 
South 24 C Parganas to check soil erosion. 

Name of the Client: Cheviot Company Ltd. 

Year: 2014 

Project Details: The Cheviot Group of Companies is located along the River Hooghly, at 
Budge Budge, 24 Paraganas, Kolkata, and West Bengal. Tidal Bore phenomenon occurs 
in the estuary zone and the intense turbulence and the hydraulic jump, caused as result 
had lead to damage of the compound wall of Cheviot Jute Mill. Maximum height of the 
tidal bore observed was approximately 2.10 m and the velocity was 7-10 m/s. Tidal Bore 
occurred once or twice in a month and condition extended for a period of 2-6 days 
occurring once each day. The height of the embankment to be protected was approx. 6 m 
and slope 1V:2H. The thickness of system was analyzed and considered as 
approximately 3 m.  Geotextile bags and Sack Gabions filled with sand was adopted as 
unit for solution system. These Bags were produced from woven Polyester Geotextile 
material.  Sack Gabions lined with Geotextile material containment system were filled with 
dry sand and placed in position. These were used for preparation of foundation base for 
the structures. 

The erosion measures constructed with Geotextile Bags, Sack Gabions, DT Mesh Netting, 
Gabion Mattress effectively functioned protected the banks, against the tidal bore. 
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        Site Condition before                                        Installation of Sack Gabions 

  

           Installed Sack Gabions                                        Installed Geotextile Bags  

 

 

Bank Protection by Geosystems 

CASE STUDY 6 

Project:Extension of Existing Breakwater, Construction of Beach Protection Bund and 
Groyne using Geotextile Tubes Petronet LNG limited, Kochi, India 

Name of the Client: Petronet LNG Ltd. 

Year: April 2014 to January 2015 

Project Details: Petronet LNG Ltd. Terminal at Puthuvypeen, Kochi meets the enormous 
demand of natural gas for power, fertilizers, petro chemicals and various other industries 
in southern states of India. Berthing of ships at the receiving trestle was facing problem 
due to accumulation of enormous amount of silt in the trestle zone. The amount of money 
and time spent on dredging of accumulated silt in the vicinity of trestle was huge. So, the 
main objective of the project was to provide long term solution for achieving required 
tranquility at the LNG Jetty, reduce siltation and protect beach from erosion. Scope of 
work included construction of Beach Protection Bund, Groyne and extension of existing 
rubble mound Breakwater using Geosystems.  

Existing rubble mound breakwater was planned to be extended towards sea by about 
500m using Geotextile Tubes to reduce the siltation in the LNG basin. A Protection Bund 
of length about 500m was planned Using Geotextile Tubes and Geotextile Bags at the 
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back of LNG basin to prevent the erosion of beach. A Groyne of 150 m was constructed 
using Geotextile Tubes to trap the silt that gets drifted and accumulated in the trestle 
zone. The structures are serving the purpose. Growth of vegetation on the Geotextile 
Tubes is observed along with siltation. 

  

Protection Bund                                                              Protection Bund Structure 

  

                     Groyne Structure                                      Groyne Structure 

 

Protection Bund 

 

Groyne 
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CASE STUDY 7 

Project: Nourishment/Rebuilding of Spurs & Bank Protection Works for Eroding zone of 
NischintapurKulpi, Parganas (south), India 

Name of the Client: Kolkata Port Trust 

Year: December 2008 to July 2010 

Project Details: Erosion of the bank was the observed problem.It was known by the tide 
gauge record as per oceanography studies of JadhavpurUniversity, about the sea is 
arising at the rate of 3.14 mm every year. Due to the rising of sea level and high rise tides, 
part of the river bank had lost about 80 Sq km of land during last 20 years. Homes and 
lands washed away with water and life of the people was badly affected due to the tides of 
the river. 

In order to protect bank from waves and current, transverse structures were proposed 
which deflect the water away from river bank. Spurs were the best option to reduce impact 
of water on the bank. As affected bank was so long i.e 5-6 Km, Kolkata Port Trust (KoPT) 
had suggested to construct spurs in series to resist the current. 

Multifilament woven Geotextile, as a filter was placed with the help of fascine grid. 
Building of new spurs & Nourishment of existing spurs was done with geotextile bags 
made of Polypropylene multifilament woven fabric, so that they got almost a permanent 
bank after certain time due to siltation. Laterite blocks were used to cover and protect the 
spurs made from geotextile bag. 

  

Geotextile with Fascine                                        Arranged Geotextile Bags 
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 Stitching of Geotextile Bags                                    Dumping of the Geotextile Bags 

 

After the completion of work 

 

CASE STUDY 8 

Project: Bridge Protection work for River Yamuna, Delhi Noida toll bridge, India 

Name of the Client: Noida Toll Bridge Corporation limited 

Year: December 1998 to December 1999 

Project Details: A Road Bridge across the river Yamuna was proposed by the Delhi 
Administration for the Mass Rapid Transport System. The proposed Bridge was about 
2Km u/s of the existing Okhla barrage and had a waterway of 554.4m. Because of the 
bridge, it was anticipated that the velocity would be very high and hence the piers of the 
bridge and the bed had to be protected. 

The original design of the river training works all provided for massive apron and slope 
protection, using 1 m thick stones by way of pitching. The original tendered estimate was 
about INR 275 millions. It was proposed to use a single layer of 0.5 m thick Gabions. Zinc 
Coated Gabions of Mesh type 10x12 and wire dia 3.0 mm were used. This resulted in 
reduction of Apron thickness by 50% as compared to conventional protection and resulted 
in huge savings in construction costs(nearly INR 130 millions) 

 
 

            During Construction                                             After Construction 
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After Construction 

 

 

Installed Gabion Mattress 

CASE STUDY 9 

Project: Shore Protection of River Mahanadi, Orissa, India 

Name of the Client: Irrigation Department of Orissa 

Year: March 2003 to December 2003 

Project Details: The embankments and the river bank were severely eroded following the 
devastative cyclone which hit the state of Orissa in the year 1999 and it required extensive 
reconstruction. The waves, combined with the velocity generated (2-3 m/sec) had been 
instrumental in dislodging the existing protection work using rip-rap in some stretches and 
bamboo piling work in some other stretches. 

The project involved launching of prefilled Gabion mattress. In the rehabilitation process, 
the eroded embankments and banks had to be reconstructed. The Gabion mattress were 
placed at a depth of 20 meters under water at a distance of 12 meter from the bank. The 
embankment was reconstructed using locally available earth fill compacted to 90% of the 
maximum dry density as per Ministry Of Surface Transport standards. The side slope of 
the embankment was protected with a 0.6m thick stone pitching. The river banks which 
were at a very precarious and unstable slope were reconstructed. The slope was 
stabilized by loose dumping of rocks (rip rap) 30-40 kg weight to form a bank slope of 1:2. 
Permanent protection of the formed bank slope was done using a Gabion revetment. 
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Pre Filled units being lifted                           Lowering for under water placement 

 

 
 

Completed Structure 

 

 

Installed Gabion Mattress 

CASE STUDY 10 

Project: River Training work near Guide Bund on River Gandak 

Name of the Client: Bihar RajyaPulNirman Nigam Limited 

Year: 2013 

Project Details: Due to limited river opening and sudden increase in discharge, the river 
flow started eroding Gopalganj side bank. On the banks and toe of D/s Guide bund, 
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tension cracks were visible. The stability of constructed guide bund and the areas lying 
D/s towards Gopalganj were highly susceptible to be washed off and could have triggered 
possible channel avulsion. River bank protection measures were urgently required. 
Protection in the form of strong, mechanically salvaged, double twisted core Gabions were 
suggested. The protection was terminated with bull head structure near the end to divert 
the flow. 

 

        Before Construction                                               Installation of Sack Gabions 

 

 

Installed Sack Gabions 

 

Underwater Installed Sack Gabions 
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CASE STUDY 11: 

Success story of use of Geo bag in Uttar Pradesh 

Woven Geotextile Bag systems are used on various civil engineering applications in U.P. 
also. since the time the Geotextile were used in our country Uttar Pradesh have been 
harnessing the beneficial aspects of Geotextile bags to control floods and achieve erosion 
control apart from several other engineering applications such as river training works and 
coastal protection. 

In developed countries wherein these systems are used successfully over several 
decades (where in some cases even a part of the land was dredged and reclaimed, or 
even the land level is almost close to MSL) the previous records have shown that they 
have been using Geotextile bags which are made of high strength woven geotextile which 
was found to be very useful in preventing from erosion and floods and enhance resulting 
in the protection of precious life and property. All these are available on line as case 
studies from various international agencies associated with such works. 

The large number of completed (various) projects have taken place in the state of UP in 
which Woven PPMF geo bags were used to prevent the erosion of bank and flooding 
situation which are experience periodically. Some of the projects are on the banks of the 
rivers Gandak, Sharada, Ghaghra, Rapti and Suheli etc. 

1. Project for anti-erosion work to protect sensitive cluster of villages along left and 
right bank of river Sarda in distt; Lahimpur and Sitapur (Estimated Cost 
2504 lakhs) 

2. Project for anti-erosion work to protect sensitive cluster of villages along right bank 
of river Ghaghra in distt. Lakhimpur (Estimated Cost 3040 lakhs) 

3. Preoject for Protection of Bokta Barwar Bund from km. 1.600 to 1.970 on R/B of 
River Rapti in district Gorakhpur (Estimated Cost Rs.328.03 lakhs) 

4. Project Estimate for Protection of Bokta Barwar Bund from km 7.500 to 7.850 on 
R/B of River Rapti in District: Gorakhpur (Estimatged Cost Rs.949.24 lacs) 

5. There are other similar projects across the state of U.P. carried out suing PPMF 
Woven Geotextile Bag in Mau, Maharajganj, Kushinagar, Siddharthnagar, 
Balia, Baahraich, Barabanki, Pilibhit, Varanasi etc.  

PROJECT FOR ANTI EROSION WORK TO PROTECT SENSETIVE CLUSTER OF 
VILLAGES ALONG LEFT AND RIGHT BANK OF RIVER SARDA IN DISTT. 
LAKHIMPUR AND SITAPUR 
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Salient features 

ESTIMATED COST:                     Rs. 2504 Lakhs 

2 BENEFITED AREA :                            140 ha. 

3 BENEFITED POPULATION:                14285 

 

DESIGN CRITERIA/PARAMETERS 

 

1. NAME OF RIVER :                                    SARDA 

2. MAXIMUM DISCHARGE:                     18500 Cumecs 

3. H.F.L.:                                                    129.34 M 

4. SIDE SLOPE:                                        2H:1V 

5. TICKNESS OF PITCHING SLOPE:       1.00 M    

6. LACEY SILT FACTOR        :                      0.505 

 

PROPOSAL 

1. M THICK SLOPE PITCHING BY GEOBAG FILLED WITH RIVER BED MATERIAL 
FOR A LENGTH OF 2410 M 

2. LAYING APRON OF GEO BAG FILLED WITH RIVER BED MATERIAL WITH 8.00 
M WIDTH AND 4.00 M DEPTH FOR LENGTH 2410 M 

3. LAYING OF 1761 NOS. OF PORCUPINE ON GEOBAGS FILLED WITH RIVER 
BED MATERIAL @60 M C/C IN THREE ROW 

INDEX MAP 
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LAY OUT PLAN 

 

 

PLAN AND SECTION OF PERCUPINE PLACING 

 

PLAN AND SECTION OF GEO BAG SLOPE PITCHING AND LAUNCHING APRON 
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PLAN AND SECTION OF  GEO BAG SLOPE PITCHING AND LAUNCHING APRON 

 

PHOTOGRAPH DURING FILLING GEO BAG 
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PHOTOGRAPH AFTER FLOOD 

 

 

 

 

BENEFIT AFTER COMPLETION OF PROJECT 

1. The River goes away from bank of village and villagers feels protection from erosion. 
2. 100 ha  agricultural land reclaimed after completion of project  

3. Rs. 688.80 Lakhs is saved every year aftercompletion of project. 




