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M  Population Density: 1203 pop/square km 
 Located between 20° to 26° North and 88° to 92° East
 About 50% of the land is within 6-7m of MSL
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Common Disasters in Bangladesh: Flood and Riverbank Erosion 

www.google.com.bd
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Common Disasters in Bangladesh: Cyclone and Earthquake
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Common Disasters in Bangladesh

Bangladesh is frequented by natural disasters due to its uniqueBangladesh is frequented by natural disasters due to its unique
geological formation. The most common disasters are:

• Cyclone• Cyclone 
• Heavy Rainfall and Flood
• Earthquake

L d lid• Landslide
• Arsenic Contamination, Salinity Intrusion 
• Contaminated Water (heavy metal, arsenic, industrial waste, etc.)( y , , , )

How can we help the Disaster Affected People?

11/22/2016 MS Islam: Bio-engineering- RBP 5



River Bank ErosionRiver Bank Erosion

Bl kBlocks

Common story in Bangladesh 



River Bank Erosion

Erodible soil 

May 2, 2016
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Slip Failure Block Failure

Causes of River Bank Failure
Slip Failure Block Failure 
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Cause III: Rotational Failure in 
Homogeneous Material Cause IV: Failure of Composite 

Bank
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- cohesive soil
- tension cracks reduce stability 
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-Failure with upper soil in tension 
followed by rotation

Shear failure
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-Water table position
-failure may extend beyond toe

- Shear failure 
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The conditions under which different  processes occur are determined by bank material 
characteristics and local soil moisture conditions  (O’Neill and Kuhns1994).



River Brahmaputra 

Location: Longitude 82°–97°E and Latitude 21°–31°N. Total length: 2,880 km (22nd
longest river in the world; Sarma 2005:72) Total drainage area: 573 394 sq km and

11MS Islam: Bio-engineering- RBP11/22/2016

longest river in the world; Sarma, 2005:72). Total drainage area: 573,394 sq.km and
shared by China, India, Bhutan and Bangladesh.
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The basin of the Brahmaputra river is 651334 km2 and it is a good example of a braided river
and meanders quite a bit and frequently forms temporary sand bars. A region of significant
tectonic activity has developed in the Jamuna River and is associated with the Himalayan uplift

d d l t f th B l f d
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and development of the Bengal fore deep.



Brahmaputra RiverBrahmaputra Riverpp

In Bangladesh, the Brahmaputra is
joined by the Teesta River one of itsjoined by the Teesta River, one of its
largest tributaries. Below the Tista, the
Brahmaputra splits into two
distributaries branches. The western
branch, which contains the majority of
the river's flow, continues due south
as the Jamuna to merge with the
lower Ganga called the Padma Riverlower Ganga, called the Padma River.
The eastern branch, formerly the
larger, but now much smaller, is called
the lower or old Brahmaputra. It
curves southeast to join the Meghna
River near Dhaka. The Padma and
Meghna converge near Chnadpur
and flow out into the Bay of Bengaland flow out into the Bay of Bengal.
This final part of the river is called
Meghna.

11/22/2016 14MS Islam: Bio-engineering- RBP



Longitudinal Profile of Brahmaputra River Longitudinal Profile of Brahmaputra River 

11/22/2016 15MS Islam: Bio-engineering- RBP

The Brahmaputra Basin Water Resources, edited by Vijay Singh, Nayan Sharma, C. Shekhar P. Ojha



Causes of River Bank Failure: BrahmaputraCauses of River Bank Failure: Brahmaputra

Cause of failure of river banks can be any of the following singly or in
combination:

pp

combination:

 Underwater erosion along the toe of bank during the falling stage of
the riverthe river.

 Direct erosion of the river bank.
 Sloughing of saturated bank caused by rapid drawdown.

Li f ti f t t d ilt d d b k t i l Liquefaction of saturated silty and sandy bank material.
 Erosion due to seepage from banks at low river discharge.
 Scour along waterline due to wind or wave wash of passing vessels.
 Rising temperature is one of the major cause of snow-melting at the

upper Brahmaputra catchment.

Earthquake: Large earthquake 1897, 1950

11/22/2016 16MS Islam: Bio-engineering- RBP



Causes of Causes of JamunaJamuna Bank ErosionBank Erosion

 CausesCauses ofof bankbank erosionerosion ofof JamunaJamuna maymay bebe::
LowLow flowflow duringduring drydry seasonseason (causes(causes siltationsiltation onon riverriver bed)bed) -- LowLow flowflow duringduring drydry seasonseason (causes(causes siltationsiltation onon riverriver bed)bed)

 -- HighHigh flowflow inin wetwet seasonseason (causes(causes bankbank erosion)erosion)
 -- AlluvialAlluvial soilsoil whichwhich isis erosionerosion proneprone
 -- ConcentratedConcentrated flowflow ofof waterwater towardstowards bankbank

 PossiblePossible remediesremedies maymay bebe:: PossiblePossible remediesremedies maymay bebe::
 -- ConstructionConstruction ofof riverriver bankbank protectionprotection structures,structures, likelike::
 -- Revetment/HardRevetment/Hard pointpoint (to(to protectprotect thethe bank)bank)

GG /S/S (( dd hh fl )fl ) -- GroyneGroyne/Spur/Spur (to(to divertdivert thethe flow)flow)
 -- ConstructionConstruction ofof embankment/leveeembankment/levee
 -- DredgingDredging (required(required toto increaseincrease and/orand/or shiftshift thethe coursecourse ofof flowflow))g gg g ( q( q // ))

17 MS Islam: Bio-engineering- RBP11/22/2016



Impact of River Bank ErosionImpact of River Bank Erosionpp

In many parts of the world, bank failure in rivers, canals and other
waterways is a major concern for engineers and also for environmentalwaterways is a major concern for engineers and also for environmental
reasons. Erosion results in loss of land and it threatens dikes. Has no
compensation mechanism. Losses due to Brahmaputra in India Part
O lOnly:

Erosion in Brahmaputra Valley since 1954 
T t l d d 4 20 000 h Total area eroded: 4,20,000 ha 

 Rate of erosion per year: 8,000 ha 
 No. of villages eroded: 4521 Nos. 
 Population affected: 9 lakhs 
 Affected reaches-Moderate to severe: 130 

Riverbank erosion has been a recurrent feature along the major and
some minor rivers in Bangladesh. It has been found that bank erosion is
taking place in about 50 districts of Bangladeshtaking place in about 50 districts of Bangladesh.

11/22/2016 18MS Islam: Bio-engineering- RBP



River Bank ProtectionRiver Bank Protection



Ri B k P d b CC Bl k G ilRiver Bank Protected by CC Blocks+ Geotextiles

CC Blocks

River Bank Protected by CC Blocks Geo-textile

Daily Prothom Alo, dt: 04.04.2011
20MS Islam: Bio-engineering- RBP11/22/2016



River Bank Protected by Geo-textile and Geo-bag

The common practices are expensive and in many cases these 
are ineffective during their design life. 

2121MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



Haor Village ProtectionHaor Village Protection



North eastern 
part ofpart of 
Bangladesh 

Haor islands are continuously eroded by 
wind induced wave actionwind induced wave action

Damage of geotextile by boats 

Massive structure for village 
protection 

23MS Islam: Bio-engineering- RBP11/22/2016



Haor village 
during monsoonCC Block

be
r 2

01
6

Palisade retaining wall 
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Haor Village 
protection by

Failed in the 
first season
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protection by 
CC Block



Dhaka, the capital city of Bangladesh
25MS Islam: Bio-engineering- RBP11/22/2016



Heavy Metals Contamination to Water

Heavy metal in Rivers; everyday 13,00,000 ton waste are disposed to rivers  
26MS Islam: Bio-engineering- RBP11/22/2016



Heavy Metals Contamination to Watery

H t l i Ri d 13 00 000 t t di d t iHeavy metal in Rivers; everyday 13,00,000 ton waste are disposed to rivers  

27MS Islam: Bio-engineering- RBP11/22/2016



Methods for Bank ProtectionMethods for Bank ProtectionMethods for Bank Protection Methods for Bank Protection 

 Grass, Vegetation, Tress 
 Planting wetlands species and water hyacinth
 Sand Fill Gunny Bags
 Windrows and Trenches
 Sacks and Blocks (CC & RCC)( )
 Gabions and Mattresses
 Articulated Concrete Mattresses
 Soil-Cement StabilizationSoil Cement Stabilization
 Geo-textile 
 Retaining Walls 

Conventional methods are either ineffective or too costly to implement.

11/22/2016 28MS Islam: Bio-engineering- RBP



BACKGROUNDBACKGROUND

• Failure of embankment and riverbank erosion are common
bl i B l d h D i fl d i i f ll d

11/2

problems in Bangladesh. Devastating flood, excessive rainfall and
tidal surge accelerates the failure process.

• Unfortunately our national budget is never sufficient which M
S

22/2016

Unfortunately our national budget is never sufficient which
confines rigid structural protection measures to the most acute
sections, never to the full length of the river bank or coastline and
embankment This BANDAGE approach is not suitable to solve the

S Islam
: Bio-eembankment. This BANDAGE approach is not suitable to solve the

problem
• This hard engineering structures makes the scenic environment

engineering-

unpleasant and helps only to transfer the problem from one place
to another place, to the opposite site, or downstream.

• Establishment of vegetation as a soft bioengineering technique to

R
BP

Establishment of vegetation as a soft bioengineering technique to
rigid or hard structures accepted all over the world due to its low
cost, longevity and environment friendliness.

2929



OBJECTIVES

E l i f i il bili d h i h h i i i

11/2

 Exploration of vetiver availability and their growth characteristics in
Bangladesh. Identification of properties of local vetiver (leaf, shoot
and root). M

S
22/2016

 Determination of slope stability of vetiver grass protected slope.
Field trials for determining the efficacy under different soil (saline,
non-saline contaminated soil) and geographic condition (flood

S Islam
: Bio-enon-saline, contaminated soil) and geographic condition (flood

plain and coastal zone) in Bangladesh.
 Heavy metal extraction from industrial waste contaminated soil.

engineering-

Salinity tolerance of vetiver and salinity removal using vetiver.
 Dissemination of the technology to local people, academia,

engineers, NGOs, government agencies and policymakers.

R
BP

engineers, NGOs, government agencies and policymakers.

3030
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SLOPE PROTECTION: WHY VETIVER?SLOPE PROTECTION: WHY VETIVER?
 Vetiver grass is an “ecological-climax” species. It outlasts its neighbors and seems to

survive for decades showing no aggressiveness or colonization ability It withstands

11/2survive for decades showing no aggressiveness or colonization ability. It withstands
drought and high levels of flooding.

 It is tolerant to high levels of pesticides and herbicides and also to a wide range of toxic
and heavy metals Temperature variation from -14º C to 55 º C Soil pH from 3 0 to 10 5

M
S

22/2016

and heavy metals. Temperature variation from -14 C to 55 C, Soil pH from 3.0 to 10.5,
High level of tolerance to soil salinity, sodicity and acid sulphate.

 When vetiver roots interact with the soil in which it is grown, a new composite material
comprising roots with high tensile strength and adhesion embedded in a matrix of lower

S Islam
: Bio-ecomprising roots with high tensile strength and adhesion embedded in a matrix of lower

tensile strength is formed.

 Vetiver roots reinforce a soil by transfer of shear stress in the soil matrix to tensile
inclusions The roots of the grass have an average tensile strength of MPa 75 and

engineering-

inclusions. The roots of the grass have an average tensile strength of MPa 75 and
improve the shear strength of soil by between 30% and 40%. Engineers liken them to a
″Living Soil Nail″.

R
BP

 Vetiver grass is an economic attractive solution. In most countries in South-East Asia
Vetiver grass can be planted for less than $ 3 per meter, which is 60-70% less relative
to hard engineering practice.

32
All the attribute show that Vetiver grass will be very suitable for slope 
protection in Bangladesh context.

32



Bio-engineering:
R d d E b k tRoads and Embankments



• 1/3 of the country was affected  by 
the cyclone
• Wind speed: 250 km/hr
• Economic loss: 3.1 billion dollars
• Occurred in 2007
SOURCE: DMB (2008)
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Survey after Cyclone SIDR 2007Survey after Cyclone SIDR 2007
35 MS Islam: Bio-engineering- RBP 11/22/2016



Strength of the Tidal Surge!!

Level of the tidal surge
This school building is 2-3 km away from river    

36MS Islam: Bio-engineering- RBP11/22/2016



Flood Embankment 
No vegetation

Coastal Embankment 

Bangladesh has many rivers.

Although Bangladesh is a small 
country, it has very long coast 
(710 km)(710 km).

More than 5100 km coastal 
b k t h b

Embankment 
No grass and shrubs
Very poor compaction embankment has been 

constructed. 
Very poor compaction

3737
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Country Side Sea Side y

Damage occurred at the opposite side of the sea side 

3838MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



  
11/22
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No shrubs and grasses No shrubs and grasses

S Islam
: Bio-e

Fallen trees due to cyclone,
Obstacle during disaster

engineering-Obstacle during disaster R
BP
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Housing Distribution 2008
Engineered

19%

Non-
engineeredengineered

81% Engineered
Non-engineered

Research at CE, BUET

Rural
1%

Very few 
researches at 

1% BUET focused 
on Rural 
infrastructure  

Others
99%

Rural
Others

40
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Usual Practices of Topsoil Erosion Control of Roadside Slopes

Road constructed with dredge fill soil 

(2.0 m)Cement/concrete block

Use of concrete blocks

Cost:  BDT 110-120 per sft slope 

Use of clay cladding: Becoming 
unavailable   Cost:  BDT 110 120 per sft slope 

surface area- (BDT 141 per 
sft, RHD)

Cost: BDT 70-80 per sft of slope surface 
area

41
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R C C  (1:2:4) Plate 

Usual Practices of Topsoil Erosion Control of Roadside Slopes

12 mm φ Bolt NUT Pile

R.C.C. (1:2:4) Plate 
(precast)

150 mm

150 mm

150 mm

900 mm 900 mm 900 mm

Slope protection work with CC slab on 
slope and palasiding work at toeslope and palasiding work at toe 

SOURCE: ROAD DESIGN STANDARDS- RURAL ROAD of LGED (2005)

Slope protectionSlope protection 
work by brick block 
and geo-textile 

42MS Islam: Bio-engineering- RBP11/22/2016



MAJOR CATEGORIES OF RAINCUT EROSION
Factors for Raincut ErosionRaincut Erosion

-Top soil erosion
-Block slide

Factors for Raincut Erosion
Soil
-Texture
-Particle Size

Vegetation
-Type
Height

Climate
-Temperature 
RainfallBlock slide

-Manmade unstable slopes
-Particle Size
-Moisture Content 
-Surface roughness

-Height
-Density of Cover
-Seasonal distribution

-Rainfall 
distribution
-Rainfall intensity 

Mechanism of top soil erosion
Two fold mechanisms may be involved with top soil erosion:Two fold mechanisms may be involved with top soil erosion:

Impact energy of 
rainfall loosens 
the top soil Before Failure After failure

Surface runoff 
moves it moves it 
downwards

43
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BIO-ENGINEERING SOLUTION AIDED BY  GEOJUTE

Jute geo-textile (JGT) 
layer

U Shaped 
hook

R t Root mass

Vegetation Slope before 

WOVEN TYPE JGT 
(OPEN MESH)

Vegetation
failure

• 500 gsm-750 gsmg g
• Opening area about 50%
• Moisture absorption is about 
500% its dry weightGeojute Vetiver 500% its dry weight
• Cost: Tk. 1.60 per sft for 500 gsm
• Durability: 2 years

j Vetiver
grass 

SOURCE: Bangladesh Jute Mill Corporation (BJMC) and PRIVATE JUTE MILLS 
44MS Islam: Bio-engineering- RBP11/22/2016



How JGT and Vegetation Act together ?

Warp Storage
Weft 

p

Slope before failure 

• Laid over exposed surface JGT takes away about 40% of the raindrop impact energy

SCIENCE BEHIND ACTION

• Laid over exposed surface, JGT takes away about 40% of the raindrop impact energy
and reduces runoff to about 35% by absorbing 4 to 5 times of water of its weight.

•The reduced runoff flows over the JGT covered surface due to miniature effect.

• Geo-jute absorbs water required for vegetation growth and acts as mulch on its
biodegradation. As the Geo-jute degrades with time, grasses and trees grow up and
•

take over the job of Geo-jute.
45MS Islam: Bio-engineering- RBP11/22/2016



Vetiver (Vetiveria Zizanoides)( )

leaf

Inflorescence

V ti  Th  t t    t  14 ft d  i  6 t  8 th  ti

clump

Vetiver: The root system goes up to 14 ft deep in 6 to 8 months time

11/22/201611/22/2016 MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP 4646



Vetiver (Vetiveria Zizanoides)( )

leaf

Vetiver Root System: 3 m long
11/22/2016 47MS Islam: Bio-engineering- RBP



Vetiver Identification

Clump Roots Clump 
height 
1.0 – 3.0 m 

can grow 
upto 3 –

4 m deep 
based on 
the soilthe soil 

type

Roots (close view)

Vetiver has 
no stolons nor rhizome

s

Fully grown

Young plants
Flowering 

time Sept –
D fi t

Root 
matrix

13 30 cm

s

Fully grown

Lead blades 25 – 90 cm long and 0.3 – 1.0 cm wide

Dec, first 
greenish 

white then 
become 
purple or 

13 –30 cmErected and 
stiff stems

0.3 –1.0 
cm

light pink 
color ,

panicles are 
15–30 cm 
long , have

0.3 –1.0 
cm

cm

Front side Back side Flower

long , have 
whorled, 

2.5–5.0 cm 
long branche

sStems 48
MS Islam: Bio-engineering- RBP
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LandscapingSoil water 
conservation Bank 

stabilization

Quality of community life
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Materials Made form Vetiver Shoot 
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Materials made from vetiver root
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Availability of Vetiver in Bangladesh
Naturally grown vetiver

Kuakata

Naturally grown vetiver

Pubail

Coastal Zone

leaf

Pubail

Flood plain 

100

Grain size distribution of Pubail & Kuakata soil
Sand Silt Clay 

50
60
70
80
90 Pubail

KuakataVetiver can 
grow in wide 

f il

10
20
30
40
50

%
 F

ine
r

Pubail Kuakata
Sand =    5%         70%  
Silt =   67%        29.5%
Clay  =   28% 0 5%

range of soil

0
10

0.00010.0010.010.11
Particle Size (mm)

Clay  =   28% 0.5%
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leaf

King Humayun used to drink vetiver juice 

A local popular drink

every evening 

53MS Islam: Bio-engineering- RBP11/22/2016



Availability of Vetiver in Bangladesh

Haor village protected by vetiver grass 

leaf

Road Slope 
Protection by 
LGED SirajganjLGED, Sirajganj

Vetiver used for fencing

54MS Islam: Bio-engineering- RBP11/22/2016



Vetiver Availability in Bangladesh 

Reproduced from 
Thomas et al. 2002

5555MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



In-situ Test:
Determination of Shear Strength of Rooted Soil



Desired block sample
1 m x 1 m trench1 m x 1 m trench 

T S fTest Set-up for 
In-situ Shear Strength 
Determination 

Test Set-up for Field Test 
5757

MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP
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Test Set-up for In-situ Shear Test

Pressure gauge (100 psi)
Load

Metal box
Hydraulic hand pump

Pressure gauge (100 psi)

LVDT
(50 mm)

Metal box

Steel Plate (5 mm)
Metal Box

(40 cm× 20 cm)

Failed sample

Hydraulic Jack (5 Ton)
Steel Plate
(20 mm)  

Steel Plate 5 mm

p

Failed sample

Failed sampleHardy 
sugercane

Kans Tiger grass Vetiver 5811/22/2016



Reasons for Embankment Failure 

Soil layers in naturalSoil layers in natural 
river bank soil

Roots in failure plane 

Failure plane: 
Slip failure occurred  

Un-rooted  block sample  Rooted block sample  p Rooted block sample  

59MS Islam: Bio-engineering- RBP11/22/2016



  40
FRBS, w

n 
= 11%

FBBS 11%

20

30
FBBS, w

n 
= 11%

re
ss

,
(k

Pa
)

10Sh
ea

r s
tr

       Block sample

(0.29 x 0.15 x 0.19 m3)
D = 250 mm, 

n
 = 20 kPa

Location: (Kuakata)

0
0 5 10 15 20

Horizontal deformation, 
h
 (mm)

     Location: (Kuakata)

 

30

40
FRBS, w

n 
= 25%

FBBS, w
n
= 25%

20

30 n 

ea
r s

tre
ss

, 
 (k

Pa
)

Block sample

0

10

Sh
e          Block sample

(0.29 x 0.15 x 0.19 m3)
D = 250 mm, 

n
 = 20 kPa

    Location: (Pubail)

Both strength  and deformation capacity of 

Pubail: Flood prone area
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Both strength  and deformation capacity of 
vetiver rooted soil matrix are higher than 
those of the bared soil 60MS Islam: Bio-engineering- RBP11/22/2016



100

Grain size distribution of Pubail & Kuakata soil
Sand Silt Clay 
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times higher than that of the bared soil

61MS Islam: Bio-engineering- RBP11/22/2016



Laboratory Test:
Effect of Root on Soil Shear StrengthEffect of Root on Soil‐Shear Strength



Hardy sugercane Kans Tiger grass Vetiver

Root and soil mixture Ring sample Failed ring sample 

Root = 3% by weight30

35

40

kP
a)

Shear stress vs shear strain for different root with Buriganga 
organic soil

Root  3% by weight
Root length = 2.54 cm
Water content = 15 – 25%

10

15

20

25

Sh
ea

r s
tre

ss
, τ

(k

bare 
3% root 1
3% root 2
3% root 3

Dry density,ϒ= kN/m3

Water content= %

0

5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Shear Strain (%)

3% root 3
3% root 4

Water content %
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Pubail Thailand Assam
Grown on concrete dump

Pubail Thailand Assam 

Local vetiver grow betterLocal vetiver grow better 
than other collected from 
other countries.   

Vetiver grew even on 
concrete dump.
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Vetiver Plant in Concrete Dump YardVetiver Plant in Concrete Dump Yard 
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Study on Growth of Vetiver

1-Pubail 2-Thailand 3- Assam 4-Kansh

4-Kansh (Saccharum
spontaneum)spontaneum)

1 1 2 3 4
66MS Islam: Bio-engineering- RBP11/22/2016



Training Local People for Vetiver Nursery 

Collection of vetiver fromCollection of vetiver from 
naturally grown field 

Planting in polybag

67MS Islam: Bio-engineering- RBP11/22/2016



Field Trial‐ Road Slope Protection
R i t E iRain‐cut Erosion



Keraniganj-Kholamura-Hazratpur-Itavara-Hemayetpur Road
Zilla Road (District Road)Zilla Road (District Road)



Keraniganj-Kholamura-Hazratpur-Itavara-Hemayetpur Road
Zilla Road (District Road)( )

Erosion ofErosion of 
road 
embankment 

AADT: 73.18; Temperature: 14-34C
Humidity: 45-79%; Annual Rainfall: 1875 mm70MS Islam: Bio-engineering- RBP11/22/2016



Grain Size Distribution of the Top-soil of the Road Side

100

Grain Size Distribution of Road Slope Soil
Sand Silt Clay

50
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%
 F

Keraniganj
Sand = 40%
Silt = 50%
Clay  = 10%

0
0.00010.0010.010.11

Particle Size (mm)

y

A stretch of mild sloped roadside was 
selected for protection with geo-jute and 

t ti

Slope soil is susceptible to erosion 

msharifulislam@ce.buet.ac.bd

vegetation



Design of Slope Protection Scheme

JGT ll

Geo‐jute

@20 cm apart

JGT roll

Vetiver plantation: 
20 cm x 20 cm in U shaped nail

j

@107 cm apart

square grid pattern
340‐370 cm

p
Vetiver grass

Β= 30˚‐ 40˚
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Implementation of the Proposed Erosion Control System

Work Started on 25/10/2011 (Winter)Work Started on 25/10/2011 (Winter)

 

Weft

31 mm

33 mm

Y

Warp

x
Unit Mass: 700 gsm, Opening: 31 x 33 mm2

Tensile strength: 21092 N/m (x); 5886 N/m (y)
Absorption capacity: 2.75 

x

November 22, 2016

p p y



Implementation of the proposed Erosion Control System
Work Started on 25/10/2011

Naturally grown vetiverNaturally grown vetiver
grasses are collected from 
Pubail (40 km away from the 
site): 40 000 tillers were used 

November 22, 2016

site): 40,000 tillers were used 



Implementation of the Proposed Bio-technology

Work Started on 28/10/2011

Fixation of geo-jute by steel clip 
(10 x 24 cm)

A) Slope preparation

B) Laying and fixing of geo-jute

107 cm apart along the slope 
60 cm along the road length

November 22, 2016

B) Laying and fixing of geo jute



Implementation of the Proposed Bio-technology

28-30/10/2011

C) Vetiver plantation

November 22, 2016



Work Finished on 30/10/2011

D) Watering 
First 14 days: Eveready
Next 14 days: @ Alternate day



E) Monitoring

After 1 month:
Root length: 10 cm
Shoot length: 30 cmShoot length: 30 cm

5/11/2011
27/11/2011

18/11/2011
Condition of geo-jute

November 22, 2016

Condition of geo jute



Visit of RHD, LGED, JDPC Officials to the Site 
21/09/2012

Brick wall constructed 
t th  th  id  f at the other side of 

the road

Subsidence 

79
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Site Condition  
29/05/2015
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Growth Performance   
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Potential uses of RHD in Bangladesh: Bridge Approach

Bridge Abutment 
Stabilization, Assam, India

82 MS Islam: Bio-engineering- RBP 11/22/2016



Assam Hong Kong

Brazil

83 MS Islam: Bio-engineering- RBP 11/22/2016



Steep Slope Stabilization  

Before 
After 3 months 
of plantation 

Guwahati

11/22/201611/22/2016 MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP 8484



Nursery soil Dhaka Red clay Dredge fill sand 85MS Islam: Bio-engineering- RBP11/22/2016



M 1 M 2 M 3 M 4M-1 M-2 M-3 M-4

M-5 M-6 M-7 M-8
M-1: Sandy soil, M-2: Clay soil, M-3: 
Nursery soil (density 1), M-4: Nursery soil 
(density 2) M 5: Nursery soil (density 3)(density  2), M-5: Nursery soil (density 3)
M-6: Nursery soil (density 4); M-7: 
Contaminated soil, M-8: Water purification 8686

MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP
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Dredged 
sandsand

Vetiver grown 
in Sandy Soil
(90 days)(90 days)

Shoot: 120 cm
Root dia: 0 13 cm

17.5 cm

100 
Root dia: 0.13 cm
Root length: 100 cm
Root Matrix dia: 17.5 cm

cm
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Field Trial‐ Pond Slope Protectionp
Wind Induced Erosion



Pond Slope Protection in Rajshahi

Before 

Grown VetiverGrown Vetiver

After 
Vetiver clumps 
were collected 
from Tarashfrom Tarash

8989MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



Field Trial‐ Saline Zone
Dyke ProtectionDyke Protection 

Dykes for shrimp production 

90MS Islam: Bio-engineering- RBP11/22/2016



Salinity Tolerance/Salinity Removal    

Alluvia Soil
Sand=  84%
Sil 4%Silt= 4%
Clay= 12%

EC 4 8 t 12 5 d /EC= 4.8 to 12.5 ds/m

Salt Vetiver clump Soil

Vetiver grass survived 
in saline soil and also 
found effective in 
salinity removal.

Vetiver planted in saline soil 11/22/2016 91
MS Islam: Bio-engineering- RBP



No vegetation is seen on the dykes 

Saline 
Zone

Salinity
(ds/m)

lKaliganj 1.57

Baliapur 3.93

Nildumur 4 19Nildumur 4.19

Bashkhali 12.37
92MS Islam: Bio-engineering- RBP11/22/2016



Kaliganj: EC= 1.5 ds/m 

After 14 weeks of plantation 

100

Grain size distribution of Baliapur& Keraniganj Soil

Sand Silt Clay This initiative 

60
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100
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y
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demonstrate 
to the local 

l & t
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Baliapur Keraniganj
Sand = 4%           40%
Silt =    82%           50%
Clay  =  14%          10%

people & to 
plant to other 
places 

0
0.00010.0010.010.11

Particle Size (mm)
Shrimp cultivation in dykes, but 
generally vegetation do not grow 93MS Islam: Bio-engineering- RBP11/22/2016



Baliapur: EC= 3.93 ds/m Nildumur: EC=4.19 ds/m

Bashkhali: EC= 12.37 ds/mBaliapur: EC= 3.93 ds/m

94MS Islam: Bio-engineering- RBP11/22/2016



Coastal Climate Resilient Infrastructure (CCRIP)

A project of Local 
Government EngineeringGovernment Engineering 
Department (LGED). 
Funded by IFAD, UN

12 districts in the coastal 
zone of Bangladesh:g
-Rain-cut erosion
-Wave action
-Soft soil problemSoft soil problem
-Salinity



Coastal Embankment ProtectionCoastal Embankment ProtectionCoastal Embankment ProtectionCoastal Embankment Protection

Barisal M d i SatkhiraBarisal Madaripur Satkhira

Although vetiver grew well in Barisal and Madaripur, vetiver did 
t l i S tkhi d t th l k fnot grow properly in Satkhira due to the lack of proper 

maintenance and watering 



S khi
Patuakhali

Satkhira

Field Trials of LGED 

Madaripur

Barisal
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AnalysesAnalyses



Analysis by Classical Method 

D

W

δhw Phreatic 

α

α

α
hw

γz

Surface

α

l

b

T

Coppin and Richards, 1990



Method
Name

Bishop’s Method Coppin and Richards Method Remarks

EquationEquation

FS safety
estimated Description c′= cohesion of soil c′ = Effective soil cohesion estimated 
for bared 
slope by 
these two 
methods 

b =width of slice
W= weight of slice
u= pore water pressure
′= angle of internal friction of soil.

 (1 ǿ /F )

γ = Unit weight of soil, Vertical height of soil
z = Above slip plane
β = Slope angle
γw = Unit weight of water
h  V i l h i h  f GWT b  li  l methods 

are samemα= (1+tanǿ tanα/Fs)cosα hw = Vertical height of GWT above slip plane
φ′ = Effective angle of internal friction of the soil

Values used c′= 20 kN/m2; b= 2m; ′= 230 c′ = 10 kN/m2; γ = 18 kN/m3; z = 1.0 m; β = 350; 
γw = 9.8 kN/m3;  hw = 0.5 m; φ′ = 350γw 9 8 / 3; w 0 5 ; φ 350

For Rooted soil (Coppin and Richards Method):( pp )
c′R = Enhanced effective soil cohesion due to soil reinforcement by roots
W = Surcharge due to weight of vegetation
hv = Vertical height of GWT above the slip plane with the vegetation 
T = Tensile root force acting at the base of the slip plane

Value used:
c′R = 9.1 kN/m3; W = 2.5 kN/m2; hv = 0.4 m; T 
= 5 kN/m; θ = 450; D = 0 1 kN/mT = Tensile root force acting at the base of the slip plane

θ = Angle between roots and slip plane 
D = Wind loading force parallel to the slope

= 5 kN/m; θ = 450; D = 0.1 kN/m

100MS Islam: Bio-engineering- RBP11/22/2016



Slope Stability Analysis: FE (subloading tij model) 
Displacement VectorsDisplacement Vectors 

5.2

5.25m 

Beam elements

Unreinforced 
slope

25m

1.50m
 

3.15m

Undrained boundary 

5 25m 10 5m5.25m 10.5m

Reinforced 
slope

Avg. dia of root= 0.75 mm
Avg. root length= 2.5 m
E= 2.65 GPa

I l M S d H i M S (2013) “R i f i ff t f ti ( ti iIslam, M.S. and Hossain, M.S. (2013), “Reinforcing effect of vetiver (vetiveria
zizanioides) root in geotechnical structures- experiments and analyses”, Journal
of Geomechanics and Engineering: An International Journal, 5(4), 313-329.
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20

Cost Comparison

10

15
qm

 (U
SD

)
VG = Vetiver grass 
without geo-jute
VGJ = Vetiver

5

10

Co
st/

sq grass with geo-jute
CC = Clay 
cladding
CCB = Cement 

0
VG VGJ CC CCB

Methods

concrete blocks        

5000

Cost Comparison for 100 m Road Slope

0.38 m 

3000

4000
(U

SD
)

RW = Retaining Wall
VGJ = Vetiver Grass 
with Geo-jute

1000

2000Co
st 2.0 m 

0
VGJ RWMethod

1.0 m 
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Transferring Technology to the People

Kaler Kantha: A daily Newspaper in Bengali 
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Rocky hill slopes 

Hill Slope in Vietnam 
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V i i i
Vetiver rows 

Vetiver in extreme in 
weather condition on 
very steep slope 
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Vetiver in rocky mountain 

Grown Vetiver on Rocks
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Workshop at LGED HQ on 
30th May 2015 for Upazilla
Engineers More than 40Engineers. More than 40 
engineers attended the 
session. 

108108MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016
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Training of Trainers
(ToT)

Organized by LGED GoBOrganized by LGED, GoB
Funded by IFAD

Engineers-Engineers
-Progressive Farmers
-Social Organizer
C i R M-Community Resource Manager

-Community Development Facilitator

110110MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



Annual Tree Fair at Agargaon

111MS Islam: Bio-engineering- RBP11/22/2016
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BioBio--Engineering: VegetationEngineering: Vegetation

Three Three Types: Types: 

Trees

http://www.hastings.nsw.gov.au/resources/images/McInherny-004.jpg

http://www.ctre.iastate.
edu/erosion/manuals/st

Grass

edu/erosion/manuals/st
reambank_erosion.pdf

Shrubs

REF:www.vetiver.org/TVN_past_pict_gallery_htm
11/22/2016 114MS Islam: Bio-engineering- RBP



Vetiver in river bank protectionVetiver in river bank protection
Vietnam 
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Bio‐engineering Application in 
H AHaor Area



Sarail-Nasirnagar-Lakhai Road, Brammanbaria

117MS Islam: Bio-engineering- RBP11/22/2016



Sarail-Nasirnagar-Lakhai Road, Bramahnbaria

June 2016June 2016

Vetiver

Geo-jute

118118MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



Canal Bank Protection 

June 2016

RHD
Geo-jute

RHD

119119MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



120120MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



Hollow CC BlockHollow CC Block

Vetiver with hollow CC block
- Pore-water pressure dissipate
- Increased the permeability

121121MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016

Increased the permeability

HILIP, LGED



Village 
protection inprotection in 
Kurigram

UNDP Project: Slope 
SStabilization work in selected 
river erosion prone clusters 
under Kurigram and Gaibandha
Districts in response to NW 
Flood in 2016

122122MS Islam: BioMS Islam: Bio--engineeringengineering-- RBPRBP11/22/201611/22/2016



Existing Road/Slope in Bangladesh
Category Total Paved Unpaved Zilla Regional Highway UnknownCategory Total 

Length
(km)

Paved
(km)

Unpaved
(km)

Zilla
(km)

Regional
(km)

Highway
(km)

Unknown

Railway 2835 N/A N/A N/A N/A N/A N/A

RHD 21302 17336 638 13242 4247 3813 3508

LGED 304379 83303 213331 N/A N/A N/A N/A

Coastal 
Embankment

4800 N/A N/A N/A N/A N/A N/A

Haor No. villages=2500, height = 5 to 6 m, money requirement per village =7 – 8 million BDT (using cc block/brick)
And road embankment = 4944 km

Potential Use of Vetiver in Bangladesh

L th  158968 k  R d E b k t

And road embankment = 4944 km

Length = 158968 km Road Embankment

Surface Area = 293215 hectare

No  of Grass Tiller Required = 261 billion

4 m1
2

No. of Grass Tiller Required = 261 billion

Nursery Area Required = 260635.63 hectare

Covers 1 8% area of Bangladesh (1 47 570 sq  km)

Typical Road Section

Covers 1.8% area of Bangladesh (1,47,570 sq. km)

No. of Labour Day Required = 194.5 million,  Cost = 6.09 billion BDT
Note: This analysis do not include riverbank and hill slope
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Concluding RemarksConcluding Remarks
RiverRiver bankbank failurfailuree ss aa commoncommon problemproblem inin BangladeshBangladesh andand IndiaIndia.. PlantationPlantation ofof
vetivervetiver systemsystem alongalong thethe slopeslope ofof riverriver bankbank slopeslope isis anan alternativealternative greengreen
solutionsolution toto thethe problemproblem.. TheThe mainmain findingsfindings ofof thethe studystudy areare asas followsfollows::solutionsolution toto thethe problemproblem.. TheThe mainmain findingsfindings ofof thethe studystudy areare asas followsfollows::

InIn--situsitu shearshear teststests conductedconducted onon vetivervetiver rootedrooted soilsoil systemsystem showedshowed thatthat
shearshear strengthstrength ofof vetivervetiver rootedrooted soilsoil higherhigher thanthan thatthat ofof thethe baredbared soilsoil.. TheThe
vetivervetiver rootedrooted samplesample showedshowed ductileductile behaviorbehaviorvetivervetiver rootedrooted samplesample showedshowed ductileductile behaviorbehavior..

FieldField trialstrials havehave beenbeen conductedconducted inin roadroad embankmentembankment andand slopeslope protectionprotection
withwith vetivervetiver atat differentdifferent sitessites ItIt isis foundfound thatthat thethe subsub--tropicaltropical climateclimate ofofwithwith vetivervetiver atat differentdifferent sitessites.. ItIt isis foundfound thatthat thethe subsub tropicaltropical climateclimate ofof
BangladeshBangladesh isis suitablesuitable forfor vetivervetiver plantationplantation.. PlantationPlantation ofof vetivervetiver alongalong
withwith thethe useuse ofof geogeo--jute(JGT)jute(JGT) isis aa costcost--effective,effective, sustainable,sustainable, ecoeco--friendlyfriendly
methodmethod forfor thethe erosionerosion controlcontrol ofof slopesslopes inin BangladeshBangladesh..methodmethod forfor thethe erosionerosion controlcontrol ofof slopesslopes inin BangladeshBangladesh..

ParticipationParticipation ofof locallocal populationpopulation isis thethe keykey elementelement toto itsits successsuccess.. ThisThis
solvessolves educationeducation providingproviding guidelinesguidelines instructionsinstructions andand supportsupport toto thethesolvessolves education,education, providing,providing, guidelines,guidelines, instructions,instructions, andand supportsupport toto thethe
locallocal peoplepeople..

ForFor achievingachieving thethe fullfull benefitbenefit ofof thethe biobio--engineeringengineering usingusing VSVS suitablesuitableForFor achievingachieving thethe fullfull benefitbenefit ofof thethe biobio--engineeringengineering usingusing VS,VS, suitablesuitable
plantationplantation time,time, goodgood qualityquality tillers,tillers, properproper maintenancemaintenance andand locallocal
communitycommunity involvementinvolvement areare stronglystrongly requiredrequired.. 124124


