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ABSTRACT 

To protect vital infrastructure, Bangladesh has started covering increasing lengths of the 

riverbank with bank protection and embankments. Key to the long-term success of both is wave 

and erosion protection that is cost effective and sustainable. This paper provides a case study of 

different types of slope coverage, namely the use of grout-filled jute mattresses and 

bioengineering methods including Vetiver grass and/or appropriate local reed varieties (referred 

to as Vetiver / reeds). These measures reduce cost, increase speed of implementation and 

durability, and form a more environmentally friendly solution to the traditionally used concrete 

block revetments. The grout-filled jute mattress works were largely successful during the 2019 

flood season. The performance of the Vetiver/ reed plantation remains to be seen after 

completion of the full length, but it appears to have reduced the number and sizes of any rain 

cuts that did form compared to the slopes with clay cladding only. 

 

CONTEXT 

Bangladesh is home to the Brahmaputra/ Jamuna, one of the largest braided sand bed rivers in 

the world, which is capable of eroding hundreds of metres of the bank line per year. The 

Bangladesh Water Development Board (BWDB) under the Ministry of Water Resources, 

Government of Bangladesh, has undertaken a project entitled “Flood and Riverbank Erosion 
Risk Management Investment Program (FRERMIP) Project 1” (Asian Development Bank, 2014) 

with the financial assistance of the Asian Development Bank (ADB) and the Government of the 
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Netherlands. This case study focuses on the pilot works for innovative wave and surficial 

protection for selected embankments and riverbank reaches through grout-filled jute mattresses 

and Vetiver / reeds in central Bangladesh.  

 

In general, riverbank protection consists of two parts:  

1) Underwater slopes are covered through systematic dumping of appropriate material 

(usually sand-filled geotextile bags) from flat-top barges which form falling/ launching 

aprons. These aprons ‘launch’ when they are undercut following scour. They are subject 

to forces related to the flow velocities in the river (Diggelmann, 2007), (Oberhagemann, 

et al., 2008).  

2) Above water slopes are typically covered with placed concrete block revetments (see 

Figure 1). The loading of these slopes through waves and the movement of people and 

livestock is higher and more dynamic than that of the underwater slope and as such 

requires more expensive protective effort.  

 

Embankments are also subject to wave loading because they are typically placed close to the 

riverbank. The run off from intensive rainfall also has the potential to erode their slopes. On the 

countryside slopes, where there is only rainfall loading, or if the wave loading is lower on the 

embankment due to a greater set back distance, Vetiver/ reed cover may be sufficient to resist 

this loading as shown in Figure 1. 

 

 

Figure 1 Types of surficial protection for embankments by location (Bioengineering photo credit: 

BWDB) 
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Traditionally, Bangladesh has used pre-cast cement concrete block revetments (locally referred 

to as cc blocks) in the wave zone with individual blocks typically 0.4 to 0.45m side length and 

0.2 to 0.3m thick). Although the simplicity, flexibility and durability of the individual blocks are 

well suited to this use, such revetments face the following difficulties: 

• Large delays in implementation due to time taken to cast blocks, which often means 

blocks cannot be placed until the subsequent construction season (November – April) 

• Difficulties for site supervision / quality control of the huge numbers of blocks required 

• High cost – each 0.45 x 0.45 x 0.2m size block cost 407 BDT, approximately 5.5 USD, in 

2018/ 2019 (Bangladesh Water Development Board Schedule of rates (2017 – 2018).  

• Rising costs - the cost of aggregate for concrete blocks has increased by 298% between 

1995 and 2018 leading to a 165% increase in the cost of concrete blocks (Bangladesh 

Water Development Board, 1995 - 2018) 

• A large land take is required for block casting yards along the riverbank which poses 

difficulties in densely populated areas 

• Lack of interlocking between the blocks requires them to be thicker to resist wave 

loading and results in failures, e.g. through loss of toe, support propagating very quickly 

 

ALTERNATIVE WAVE PROTECTION TYPES 

Figure 2 shows a comparison of different protection methods and their durability and flexibility 

relative to soil conditions. Geotextile bags are typically placed as temporary protection while 

concrete blocks are being cast during the first season. They can range from low to moderate 

durability against wave action and damage depending on the number of layers used. The fibres of 

some geotextile bags placed in the wave zone along the Jamuna River were found to have 

decayed and the bags had opened after 8 years (Oberhagemann & Hossan, 2010). However, bags 

covered with grasses such as those under the FRERMIP project are expected to have a longer 

design life (see Figure 2).  

 

Articulating block mattresses were installed under the Jamuna Meghna River Erosion Mitigation 

Project in 2006 (Northwest Hydraulic Consultants & Beller Consult, 2007) (Asian Development 

Bank, 2002) where the design rationale required protection that was flexible to settlements 

(Northwest Hydraulic Consultants, 2005). After over 13 years in operation, the geotextile at the 

corners of the blocks has decayed and the cord between the blocks has become exposed in some 

places (found during site visit in November 2019).  
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Figure 2 Indicative graph of trade-off between flexibility and durability for different protection 

types and ground conditions (all photos from work implemented in Bangladesh) 

 

SELECTION OF PROTECTION 

This project piloted grout-filled mattresses and bio-engineering wave protection. In locations on 

the embankment where the wave height was lower, Vetiver grass (locally referred to as Binnah 

grass) / local reeds were planted on the slopes. These non-invasive species are characterized deep 

and fibrous roots which provide good anchorage to the soil. This helps it to resist erosion while 

being highly resistant to pesticides, herbicides and polluted water (Northwest Hydraulic 

Consultants et al, 2013).  Experiments into the wave tolerance are currently ongoing at 

Bangladesh University of Engineering and Technology, however according to experience from 

coastal areas, the shear strength of a Vetiver rooted soil is approximately 87% higher than the 

original soil (Islam & Arifuzzaman, 2010) (Islam M. S., Arifuzzaman, Hussain, & Nasrin, 2013). 

Grout mattresses were required in the wave zone at the riverbank and where the embankment is 

more exposed to the river and the fetch length is greater resulting in higher and more violent 

waves.  These mattresses consist of two layers of woven jute fabric connected by circular sewing 

points and perimeter seams which are laid over the slope and filled with grout. As the soils at the 

riverbank (expected to be reasonably consolidated soils) and embankment (consisting of well-

compacted fill) were not anticipated to undergo significant relative settlement, an open hole slab 

mattress system was implemented in accordance with the exposure conditions at both sites. This 

mattress type has the following advantages compared to the commonly used concrete block 

revetments: 
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• Higher porosity due to open holes 

• Lower concrete thickness 

• Lower cost 

• Increased speed of installation 

• Use of readily available local skills 

• No requirement for aggregate and therefore no reliance on expensive stone  

 

Rather than geotextile, the use of locally grown jute fabric which has been historically used 

though sand-filled jute bags, was piloted for the first time. The technology was developed by 

Proserve Ltd in consultation with local jute mills in Bangladesh.  

The jute open hole mattress system has the added benefits using locally and readily available jute 

- Bangladesh produces the second largest quantity of jute in the world, approximately 1.6 million 

tonnes in 2016/2017 (FAO, 2019). Jute fabric is also biodegradable and contains approximately 

25% of the C02-equivalent per tonne of geotextile, which reduces the emissions of the protection 

compared to the commonly used grout filled geotextile mattresses. (Singh, Kumar, & Mitra, 

2018) (Raja, Dixon, Fowmes, Frost, & Assinder, 2015). In addition, the fabrication of jute 

mattress panels makes use of the skills prevalent in Bangladesh’s garment industry, can provide 

safe employment for women in the work areas, and its lower design life is more suited to the 

four-week requirement as formwork for the mattress. 

 

PILOT WORKS DEVELOPMENT 

Based on a demonstration in the Proserve Ltd laboratory in the UK in 2016 which was conducted 

in front of the Director General and FRERMIP Project Director of the BWDB, the decision was 

taken to implement this technology in the field as pilot. Two sites were selected: 

1) Harirampur riverbank along the Padma River which consists of silty sands (1.2km) 

2) Shahjadpur embankment near the confluence between the Jamuna and Hurasagar Rivers 

on the dredged fill embankment constructed under the FRERMIP project (1.9km) 

Bioengineering was piloted on the remaining 21.3km of the water side slope of the embankment 

and all of the countryside slopes.  

 

DESIGN CONSIDERATIONS 

The Vetiver/ reeds were designed to be planted in a 1m by 1m grid spacing with 0.2 m between 

plant centres.  

 

Figure 3 below shows the final implemented designs for the grout mattresses at both the 

embankment and riverbank protection sites. The mattresses were underlain by a brick khoa 

drainage layer, a non-woven geotextile filter (400 g/m2), and then a 150mm thick sand filter 

layer above the existing soil. The brick khoa was used in place of a stone layer as gravel or 
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crushed rock is not readily available in Bangladesh and consists of crushed overburnt or class A 

brick chips. The concrete thickness was designed for a significant wave height Hs = 1.5m at the 

riverbank and Hs = 1.0m at the embankment using methods by Yarde et al (Yarde, Banyard, & 

Allsop, 1996) and Hawkswood et al (Hawkswood & Assinder, 2013), taking into account the 

mattress porosity and the depth of crushed brick drainage layer. A sand filter layer was used 

below the geotextile to retain the silty soil and provide resistance against internal erosion.  

 

At the riverbank, the design was most critical for wave action rather than the design flow 

velocity of 3 m/s. The design as shown in Figure 3, was for a OH180 type grout mattress 

(average thickness 120mm) at the crest and OH 270 (average thickness 180mm) on the slope. At 

the toe, sand-filled geotextile bags were placed to tie in to existing previously constructed 

underwater protection. At the embankment, the whole mattress is OH180 and the brick khoa 

layer was thinner due to reduced wave loading and requirements for cost savings during 

implementation.  

 

   
 

Figure 3 Riverbank and embankment protection designs 

 

Issues and solutions considered during the design included: 

• High uplift pressures under the mattress during wave run down were minimized through 

circles sewed into the twin layers of jute mattress fabric before filling. After the decay of 

the jute, these became open holes which varied in size dependent on mattress thickness.  

• Cement:sand microconcrete (grout) design required the jute fabric opening size O90 to be 

less than the D50 of the sand (approx. 0.74mm) to ensure concrete tightness. 

• The embankment toe reduced from 1m embedment to 0.7m in order to reduce the 

encroachment onto adjacent farmland. 
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Monitoring equipment to assess the performance of the works was installed at both sites to assess 

slope movement and pore water pressures as summarized in Table 1. 

 

Table 1 Summary of monitoring for grout mattress sites 

Type of monitoring Riverbank protection Embankment construction 

Vibrating Wire 

Piezometers 

(3 no. with varying depths 

at each section) 

• 3 no. @ intervals of 400m 

along implemented works 

• 2 no. @ 100m upstream and 

downstream of works                           

• 4 no. @ intervals of 500m 

along implemented works 

• 2 no. @ 100m upstream and 

downstream of works 

Inclinometers 

(4 no. along slope length) 
• 2 no. @ 200m from each end 

of works 

• 2 no. @ 150m from each end 

and 1 no. @ centre of works 

 

 

For the bioengineering plantation, monitoring criterion was developed during the piloting 

process and included spot checks on the plant and root length and a comparison of the number of 

rain cuts between the pilot section and an area where only grass turfing was planted.  

 

 

CONSTRUCTION EXPERIENCE 

Grout mattress 

The works were implemented from November 2018 – July 2019. Two test sections for the two 

different panel thicknesses (OH180 and OH270) were filled manually on site as shown in Figure 

4 and Figure 5. These helped to confirm the various arrangements for filling including laid width 

of panels, filling volume required to achieve the design thickness, maximum fluid filling height, 

verification of the 10% expected filling contraction of the jute mattress and confirming the 

arrangement of the open holes.   

 
Figure 4 Filling of test panels 

(photo credit: Proserve Ltd) 

 
Figure 5 Test panels for the OH270 (left) and OH180 (right) 

mattress 
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Fabrication was undertaken successfully on site in purpose-built bamboo warehouses using some 

30 sewing machines and 50 people. Slopes were excavated and graded by tracked excavators and 

bulldozers with the filter sand layer laid by hand. The geotextile filter layer was overlapped and 

then sewed using hand-held sewing machines and the subsequent crushed brick layer was also 

laid by hand, allowing very good control of layer thickness. Jute mattress panels were then laid 

on the slopes and sewed together to form ball and socket shear joints. The grout mix to fill the 

mattress was batched on site using two batching plants and two pumps with filling teams.  
 

 

Figure 6 Construction of grout mattress at Harirampur riverbank (photo credit: Proserve Ltd) 

 

Table 2 shows a summary of the test results from the Harirampur riverbank site. Generally, the 

grout exceeded its required strength significantly.  

Table 2 Summary of selected materials tests from riverbank and embankment sites 

Type of test Requirement in 

specification 

(strength) 

Requirement 

in 

specification 

(frequency) 

Number of 

tests carried 

out 

Testing results (N/mm2) 

Micro concrete 

(grout) cylinder 

tests 

20 N/mm2 

cylinder strength 

at 28 days 

Testing of 

concrete for 

every 100 m3 

OH270 = 7 

(requirement 

= 46) 

 

OH180 = 30 

(requirement 

= 61) 

Average: OH270 = 42.2 

                OH180 = 33.2 

 

Minimum: OH270 = 22.1 

                  OH180 = 15.8 

Micro concrete 

(grout) sand test 

Fineness modulus 

between 2.0 and 

2.5 

n/a 1 Fineness modulus = 2.29 to 

2.76 

 

D50 = 0.65 to 0.74 mm 

Filled grout mattress

Geotextile filter

Sand filter

Unfilled grout mattress panels

Brick khoa
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Jute tensile 

strength 

Not specified – to 

be determined 

during pilot tests 
1 test for 

every 1000 

m2 of 

produced 

mattress 

 

(72 tests 

required) 

 

5 

 

 

Tensile strength (kN/m)  

• 17.8 to 20.6 machine direction 

• 12.4 to 20.9 cross-direction 

 

Grab tensile strength (N) – 

• 860 to 1016 machine direction 

• 761 to 846 cross direction 

Jute opening 

size 

< 150 3 300 – 600 

Jute thickness > 2mm 3 0.76–2.0 mm (average= 1.4) 

Jute weight > 627 4 555 to 688 gsm 

 

The average rate of installation of the mattress was 420 sq.m per day at the Harirampur riverbank 

and 595 sq.m per day at the Shahjadpur embankment as shown in Figure 7. This also shows the 

learning curve with slower installation rates lasting almost 2 months at Harirampur riverbank 

which was constructed first and only a week at the Shahjadpur embankment. The overall speed 

of implementation was significantly greater than the Chauhali concrete block revetment in 

2017/2018 (time has been scaled linearly by 2/5 to account for the greater length (5km) of this 

works).  The maximum fabrication rate was approximately 950 sq.m per day at the embankment 

and 860 sq.m per day at the riverbank. 

 

Figure 7 Comparison of mattress installation rates at the Harirampur riverbank and Shahjadpur 

embankment sites from daily progress logs 
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Key issues and solutions developed during the implementation phase included: 

• At the riverbank, the bank undulated significantly while the drawings assumed a straight 

revetment. Work was cut back into the slopes such that it was founded on the more 

consolidated and older river deposits where possible leading to the toe berm being up to 

20m in places. Topographic and geotechnical surveys are recommended to avoid these silt 

and clay deposits completely during the design process. 

• The filling speed of the mattress was much lower than for geotextile because it tended to 

rip around the stitched holes. The strength of the jute fabric was the governing factor in 

mattress filling and the thicker mattress at the riverbank needed to be filled in frequent 

smaller lifts of some 0.6m measured along the slope. Greater filling lifts of up to 1m were 

achieved at the embankment, as the thinner mattress has more sewn connections.  

 

Bioengineering (Vetiver / reeds) 

As the embankment was constructed during the dry season, the reeds could be planted only at the 

end of the season and consequently some areas could not be covered by the start of the monsoon 

season in April/ May. However, growth in sections planted even during the monsoon was still 

good as shown in Figure 9 and the grid spacing was well maintained as shown in Figure 8. 

 

 
Figure 8 Spacing immediately after 

planting 

 

 
Figure 9 Growth after 1 month of planting on 

countryside slope 

    

 

EXPERIENCE DURING THE 2019 FLOOD SEASON 

The 2019 flood season in Bangladesh showed the highest ever measured flood peak in the 

Jamuna river at the Bahudurabad gauge station which was 21.16 m above Public Works Datum 

(PWD) on 18th July.  For reference, the 100-year flood level is 21.0 m above PWD. 
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Grout mattress 

At both sites the grout mattress was found to be generally in good condition and to have 

performed against wave and current actions during the first flood season. The mattress slabs 

were interlocked at all joints with good contact underneath the mattress (top of the hole to the top 

of the khoa should be 3 to 4 inches for the thinner OH180 embankment mattress and 4 to 5 

inches for the thicker OH270 riverbank mattress).  As expected, due to lower loading, the 

embankment site showed the best performance with no signs of khoa loss at the holes which 

were usually 50mm in diameter rising to 60mm in some places. The jute fabric had decayed most 

in the wave zone closest to the Jamuna river and elsewhere was weak and easily ripped (Figure 

10).   

 

Issues noted during implementation and recommendations in order of priority include: 

1) At the riverbank, some of the smaller size brick material has locally been lost due to wave 

loading through the 70 mm diameter open holes as opposed to the smaller holes at the 

embankment. The brick khoa is much more angular and brittle than gravel filters and it is 

recommended that the size is increased so that the minimum size is the opening size of the 

open mattress holes.  

2) Two slope failures occurred at the riverbank site in 2019: the first, approximately 40m long, 

in late July when the water level dropped by 0.6m in 5 days and the second, 20m length, 

occurred sometime between early and late September. The analysis for the cause of the 

failures is ongoing and may be associated with weaker river alluvium deposits or with 

undercutting of the toe. A temporary repair was carried out in December 2019 and the 

existing broken sections and an additional 5m on each side were removed and the slope was 

reprofiled with manually compacted dredged sand. 1 layer of geotextile bags was placed 

directly onto the fill and overlapped with the grout mattress edges. 

3) Boat drivers use the open holes in the mattress to moor their boats. Although the stake 

shown in Figure 11 had not penetrated the geotextile, there is an ongoing risk to the stability 

of the works which should be subject to further monitoring.  

4) Shrinkage cracking occurred longitudinally. It is typically 1-3mm in width at the 

embankment and 5mm at the riverbank at the reduction of thickness from the crest to the 

slope ( Figure 12). Although this cracking is expected in plain concrete and not considered a 

problem as shear interlock is usually maintained, public perception is that it precedes failure 

of the works. One panel had no noticeable cracking and it is expected variation in weather 

conditions and curing reduced the degree of shrinkage. Alternative curing methods such as 

covering with polythene sheeting are recommended in future.   

5) In some cases, the monitoring equipment was damaged, malfunctioned and was not correctly 

installed. Even so, data from one of the inclinometer sections at the riverbank and all three 

inclinometer sections and four out of six of the piezometer sections could be analysed. At 

the riverbank, one of the two inclinometer sections were in the failure zone and lost, two sets 

of piezometers were damaged by boat impact or vandalism and the remaining inclinometer 
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and piezometer casings were regularly used as mooring points for boats. Future monitoring 

should be better tested and protected. 

 

Figure 10 - Jute within 

wave zone starts to 

decay as expected 

(embankment) 

 

Figure 11 Boat mooring 

within the mattress open 

holes (riverbank) 

 
Figure 12 Shrinkage cracking at 

change of section (riverbank) 

 

A review of the remaining piezometer data at the embankment showed that there was no visible 

increase in the pore water pressure in the three piezomters which were within the grout mattress 

footprint compared to the pizometer which was 100m upstream on the embankment. The 

riverbank is much less homogenous and so although no excess pore water pressure was observed 

in the instruments which continued to function, the wide spacing of piezometers makes it unclear 

whether excess pore water pressures were experienced and whether this was a conbtibuting 

factor to the two slope failures which occurred.  

 

Bioengineering (Vetiver / reeds) 

It is difficult to objectively assess the effect of the bioengineering in reducing damage from 

waves and rain cuts as recording each place where the embankment was not finished with clay 

cladding or cambered immediately before the 2019 flood season was not possible. A walkover in 

November 2019 found that rain cuts were spaced on average approximately 36m apart on the 

riverside slope on the selected 2km reach without bioengineering and 56m apart on a 1 km reach 

which had been planted with Vetiver / reeds (without considering the differences in construction 

in these reaches). Rain cuts where there was plantation were also less wide on average, 

suggesting that the rain damage was contained even where it could not be prevented. This gives 

an indication of the increased shear strength of the soil but needs to be subject to further study.  

 

Further issues noted during implementation and recommendations in order of priority include: 

1) Even when Vetiver/ reeds were planted, some large rain cuts occurred (Figure 13). It is 

now expected that if the underlying sand is dry and the Vetiver/ reeds were able to get 
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sufficient moisture from the surficial clay cladding then the roots will not grow further nor 

provide a connection between the clay and the dredged sand core. Therefore, it cannot 

address issues related to insufficient compaction at the slopes. This will be subject to 

further study over time particularly as Vetiver roots usually take 3 years to grow to full 

length. It is also recommended that the planted grids should also include plants within the 

centre of the grid and that grass turfing is used to increase the density of plantation.  

2) The Vetiver/ reeds appeared to attract rodents (Figure 14). It is recommended that they are 

cut as soon as possible after the flood to reduce the shelter it provides and that the long-

term effect of the rats burrowing is monitored after the holes are repaired.  

 

 
Figure 13 Rain damage despite plantation 

 
Figure 14 Rat holes between plants 

 

CONCLUSIONS AND OUTLOOK 

Overall, the pilot works appeared to be successful despite the very high flood peak in the Jamuna 

River. The intended cost effectiveness (as explained later) of the jute mattress appeared to have 

been achieved during construction on the embankment. However, future use on the riverbank 

requires further consideration to avoid slope failures including: 

• Identification of the weaker soils and contractual arrangements to enable adjustments of 

the design e.g. through setback of the revetment from the riverbank if possible, to avoid 

these areas. 

• Review of riverbank protection and toe design to reduce the risk that underwater 

protection failures cause revetment failures. 

The riverbank protection also needs more flexibility to avoid failures in very loose sandy soils 

with the potential for large settlements. For this, an alternative type of protection might provide a 

better balance between flexibility and durability.  

The initial capital cost estimate for the jute grout-filled mattress on the embankment (12cm 

thick) is approximately 0.92 million USD / km where the equivalent concrete block revetment 
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(30cm thick blocks) is 1.23 million USD / km resulting in a cost saving of more than 30%. In the 

future once less monitoring and international consultancy is required, the grout mattress costs 

will drop to approximately 0.82 million per km. Long-term maintenance costs are expected to be 

low at the embankment however less is known for the riverbank. Future monitoring and 

engineering assessment is needed to maximise the value and potential of the pilot scheme.  A 

further 1.3km of jute grout mattress protection to the embankment is being carried out in the 

2020 construction season.  

The cost of bioengineering for the embankment construction from 2018 to 2020 ranged from 15 

to 18 BDT (approx. 0.2 dollars) only per square metre including production of the Vetiver/ reeds 

in a nursery, plantation, watering and maintenance until proper growth. It can therefore provide 

very significant cost savings compared to other protection types and should be subject to further 

long-term study including how to prevent damage from rodents and the most effective spacing 

during plantation.  
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