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GLOSSARY

Alluvial

Angle of flow
approach

Axis-
symmetrical
Bed protection

Bend scour

Braiding

Char

Chézy
coelTicient
Common
excavation

Confluence
scour

Conveyance

Cover layer
Cross bar
Cushion layer

Dredging

Earthworks
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GLOSSARY

describing the genesis of sediments by flow of rivers

local angle between direction of approaching flow and bankline

related to idealized bends with uniform curvature
layered systems on filters placed at a horizontal bed as protection against
hydraulic forces and scouring

scour in outer bend -

formation of a river course with multiple channels, .
divided by bars with a size in the order of the channel
width

island, sand bank and floodable arca adjacent to the banks

cocfficient of hydraulic roughness used for free surface flows

stripping, excavation or removal of any type of material on or near bank
for construction pits or embankment revetments and bed protections.
whether in dry or in wet condition

scour created by turbulences when two channels or WA
. .- A S
= 4
rivers join ! .;
i
|

geometrical property of a cross-section which determines the relation

between discharge and cross-sectional averaged flow velocity

outer protective layer of an embankment revetment or a bed protection

impermeable structure protruding into the river flow

intermediate layer of an embankment revetment or a bed protection, i.e.
layer above a filter or sublayer and below the cover layer

removal of any soil by bank-sided or floating equipment below water
level, irrespective of the method employed

“common excavation” and “filling works™

he

=3
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GLOSSARY

Expansion angle

Fabric
containers

Falling apron

Fetch

Filling

Filter

Flow slide
Gabions
Geo-textile
Groyne
Hardpoint

Hydraulic loads
Impinging flow

[nteraction
cour

w

Khoa

Launching
apron

Lifetime

Local scour

angle between main flow direction and the flow line behind an obstacle
due to flow separation (mixing layer which develops downstream c.g.

from a groyne head)

synthetic fabric bags, mattresses or tubes filled various materials such as
sand, bitumen sand, lean sand asphalt ete.

toe protection of granular material, such as conerete blocks or boulders,
placed directly on the existing subsoil or river bed (Le. without filter)

length of uninterrupted contact between water surface and atmosphere,
allowing water waves to grow by transfer of wind energy

filling by suitable material and compaction of any land, for construction
of embankments or groynes, filling and compacting of construction pits
and excavations, back filling of structures, ete., 1o designed levels
one-laver or mult layer system of well graded granular material or a
geotextile or a combination of both

bank erosion by means of relatively fast mass failure (liguefaction),
resulting in deep bays in the bankline with a narrow neck

matiresses and rectangular baskets made from protected steel wire mesh
and filled with loose matenial such as boulders, bricks cte.

synthetic fabric (woven, non-woven, needle punched) applied as a filter or
used in tailored geo-textile systems (mattresses, ete.)

impermeable or permeable structure protruding into the river flow

local in-crosive bankline either natural or artificial (massive, stable
structure)

forces due 10 action of water (hydrostatic or hydrodynamic)

flow attacking e.g. a river bank

scour enhancement due to the superposition of different scour
mechanism, creating larger total scour depth as compared to the
theoretical summation of the mdividual scour depth

brick chips, used as concrete aggregates and filter material

integrated and articulating toe protection, L.e. mattress systems, such as
sand-filled geo-textiles, conerete-filled geo-textiles or concrete blocks
linked to a strong geo-textile, placed on prepared slopes and a filter layer
ahove and below water or in a horizontal excavation above SLW.

total time for which the structure is designed to remain in function

scour downstream from a local strueture or
obstruction

.
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GLOSSARY

Meandering

Mixing layer

Mouza
Opening size

Oversteepening
Peak flow
Permittivity

Planform
Point bar

Protrusion scour

Regime
cquations

Return period

Revetment
Rip-rap
Rock
Scour

Scour velocity
Seepage

Service time

Shear failure

Shear stress
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formation of a sinuous river course through bank G
erosion N

. =4

transition zone at the interface of two parallel flows of different velocity,
produced by turbulent mixing

official land owner map

the dimension which corresponds to the average size of particles of
which n % by weight are able to pass through a geotextile fabric

Erosion induced process at the bank toe creating a very steep and
unstable bank

flow event where maximum flow velocities are observed. Peak flows do
not necessarily coincide with maximum water depths

the permeability of a geo-textile normal to the fabric per unit thickness of
the fabric

shape on map of banklines or water lines (top view)

bar at inner bank of a river bend

scour immediately upstream from a local structure or
obstruction due to local acceleration of the flow

empirical formulae based on typical relations between channel
dimensions (incl. slope and roughness) and river discharge

recurrence time, average time interval between subsequent events in
which conditions are exceeded. When designing a structure. the return
period is usually larger than the projected lifetime, because, for instance,
if both would equal 50 years, the structure would have a 64% probability
of failure during its lifetime

layered systems of cover intermediate and filter layers placed on a
sloping surface as protection against hydraulic forces and scouring

layer of loose stones acting as cover layer in an embankment revetment, a
bed protection or a falling apron

any hard natural or artificial material requiring the use of blasting or
mechanical tools for its removal

lncal erosion of seil particles by current or wave induced shear forees
{also “scour hole™)

rate of deepening of the deepest point of a scour hole
movement of water into or out of the river bank

period within the lifetime in which the structure is exposed to attack by
the nver

normal soil-mechanical slide

force per unit area exerted by the flow on a parallel surface
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GLOSSARY

Shields
parameter

Shoaling
Slide

Soil migration
Spur

Sub-layer
Subsoil

Toe protection

Top soil

parameter expressing the mobility of particles considering the grain size
and the prevalent flow conditions

effect of shallow water on waves

collapse of large portions of a river bank typically induced by excessive
pore pressure and 1op loads (mass failure)

the transportation of the finer soil particles within a soil mass

local expression for groyne

any layer between cover layer and filter

naturally deposited or filled and compacted soil material on which an
embankment revetment, a bed protection or a falling apron is constructed
systems to protect the toe of an embankment against instability due to
erosion/scouring

top layer of soil containing a higher proportion of organic material
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LIST OF SYMBOLS
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LIST OF SYMBOLS

cross-sectional area of river

channel or river width at water surface

Chézy coefficient for hydraulic roughness

cohesion

effective cohesion

diameter or thickness of protection unit

grain size diameter corresponding to n % by mass of finer
particles

distance between pile axes

force

Froude number

acceleration due to gravity

design wave height

significant wave height

{local) water depth

water level gradient

hydraulic gradient in soil

depth factor

slope factor

turbulenee factor

wave number

permeability of geotextile

Nikuradse sand equivalent coefficient of rou ghness

length of pile

wave length in deep water

fetch length

cotangent of transverse bed slope

opening size of a geotextile =
permeability of groynes P R p N
water discharge ’ ~—~_ 0 \_
specifie discharge
hydraulic radius
co-ordinate along bend radius '_'. bl
spacing between groynes
wave period

time

wall thickness : VR
time duration )
circumference (of piles)
depth-averaged velocity

(m%)
(m)
(m'%s)
(kN/m?)
(kN/m?)
(m)
(mm)

(m)
(kN)
(=)
(m/s?)
(m)
(m)
(m}
i=}
(=)
(-)
(-
(=)
(I/m)
(m/s)
(m)
(m)
(m)
(m)
(-)
(um)
(-)
(m?/s)
(m*/sm)
(m)
(m})
(m)
(s)
(s)
{mm)
(s)
(em)
(m/s)

depth-averaged flow velocity at upstream boundary of control ~ (m/s)

cross-sectional and depth-averaged flow velocity
bottom velocity
volume of falling apron per linear metre protected bankline

(m/s)
(m/s)
(m*/m)
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LIST OF ACRONYMS

W,
¥s
y(t)
¥
Yo
Y
A
AH
Ap

lPL'l

width of falling apron

maximum local scour depth

time-dependent local scour depth

specific weight of solids

specific weight of water

specific weight of solids in submerged condition
relative submerged sediment density

head loss

pressure gradient

angle of reposc

density of protection material

density of water

total normal stress

etfective normal stress

shear strength

skin friction

angle of internal friction

effective angle of intemal friction

critical Shields parameter for initiation of motion

Other symbols are explained in the text at their utilisation.

(m)

(m)

(m)
(kN/m")
(kN/m')
(kNIm{)
(-)

(m)
(kN/m?)
(degree)
(kg/m")
(kg-"m33
(kN/m?*)
(kN/m?)
(kN/m?)
(kN/m?)
(degree)
{degree)
)
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1 INTRODUCTION

1.1 MOTIVATION AND OBJECTIVES

The need of river training and bank protection in Bangladesh arises from the fact that most
rivers of the country are unstable, i.e. they are not in a state of equilibrium with the governing
physical processes. Unstable rivers undergo permanent and rapid changes of the water and
sediment regime and, hence, adjustment in depth. slope, width and planform. Both, river
training and bank protection measures, which are strongly interrelated. have the objective 1o
ensure a safe and efficient transport of water and sediments ( suspended material and bed load)
through a certain defined stretch of the river, A safe and expeditious passage of flood dis-
charge must be possible during high water stages with a minimum of negative effects on sur-
rounding arcas.

In order to prevent or minimize the loss of valuable land, several stretches of the river banks
might need suitable protection against crosion. In this context it has to be emphasised, that in
case local protection measures are planned, also the consequences must be taken into account.
because a certain response of the river, i.e., morphological changes in the vicinity or even
further away from a countermeasure, are to be expected. Protection of one place will possibly
influence erosion and bankline shifting at other locations. From that point of view, only abso-
lutely necessary measures should be considered.

The provision of suitable tools for the planning, design and implementation as well as for
appropriate monitoring and maintenance schemes of standardized bank protection structures
in Bangladesh are the main objectives of this handbook. The provided information is
primarily based on the findings of the Bank Protection Pilot Project (FAP 21) and the River
Training/Active Flood Plain Management Pilot Project (FAP 22), but is also mncluding
previous experience gained on rivers in Bangladesh and on similar rivers around the globe
within other projects.

The book is structured in a way that the concerned planning and design engineers as well as
monitoring and maintenance teams are guided to arrive at safe and economic solutions. In
Part [ - Guidelines, Chapter 1, a brief description of the existing types of rivers as well as of
the physical and geological aspects of the general planning environment is given. In Chapter 2
the different underlying erosion mechanism at river banks are discussed., followed by a con-
cise description of potential structural countermeasures. An outline of improved and acceler-
ated general planning procedures, including the early identification of priority protection sites,
is presented in Chapter 3. Chapters 4 to 6 provide the focal information regarding the actual
design of the proposed standardized revetment and groyne structures on basis of the pre-
determined hydraulic and morphological boundary conditions. The Part 1] — Manual, contains
Chapters 7 and 8, with details on material specifications as well as on construction elements
and methods. Finally, Part IIT provides design plates for structural elements of standardized
bank erosion protection structures.
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1.2 SCOPE AND APPLICATION OF THE GUIDELINES

First of all. it shall be underlined, that this handbook has not the intention to cover all niver
related natural and technical aspects, which might be envisaged during the investigation and
implementation of bank protection works. Instead, main issues regarding typical structural
solutions developed on basis of experiences within a pilot project are considered. These Stan-
dardized Protection Structures (SPS) are designed less massive as compared to so-called
“hardpoints™ to allow for a sustainable use of restricted funds (economic approach). To main-
tain the function and stability of SPS a sufficient monitoring of the structures after completion
is mandatory, to initiate timely repair measures and to ensurc the overall integrity of the struc-
tures. The fact, that also structures designed at considerably higher safety levels require in
general substantial repair costs under such harsh boundary ¢onditions are justifying this deci-
sion. Moreover, it has to be taken into account that the high mobility of Bangladesh rivers,
resulting in rapid planform changes, is followed by the risk of inadequate and uneconomic
solutions in case the completed structure is attacked by the river only for a restricted time (i.c.
the service life is small as compared to the structure life time), because the “retumn period of
design conditions™ is rather vague during the design process.

For introducing SPS, a categorization is required defining 1) the range of expected 1mpact
loads and ii). the importance of the protected area. This is indispensable to prevent from
overdesign, but also to exclude projects of extraordinary and national importance (Jamuna
bridge, protection scheme Dhaka, ete.) from the simplified planning procedures as proposed
for SPS. For this purpose four structure categories (SC) were defined, with increasing project
relevance from SCI to SC4. The planning and implementation of SPS is limited to SC2 and
SC3 and will be described in this hundbook, nevertheless the proposed groyne and revetment
structures may also be adapted to advanced requirements, making more comprehensive case
investigations obligatory.

For SPS it is suggested, that instead of time consuming physical and numerical model testing,
planning data are obtained from field data collection and from more rapid empirical and de-
terministic bank erosion prediction methods using satellite images or bankline surveys, De-
spite that, design values are not always present in a measured dataset, but could be denved
from modelling after calibration of the model to observed situations. Therefore, regarding the
medium-term development of future Standard Master Plans (SMP) it is anticipated, that indi-
vidual case studies should be partially replaced by a more systematic and methodical ap-
proach of generalized boundary conditions. For this purpose. combined efforts of comprehen-
sive ficld measurements, supported and extended by results from physical and numerical
models will provide an optimal data base to further improve the knowledge on the very par-
ticular propertics of Bangladesh rivers and on the safe design of structural countermeasures
agamst bank erosion.

A simplification and standardization of the planning and implementation process is crucial to
allow for timely completion of bank protection structures within @ restricted construction
window and despite possible sudden changes of the river course.

In this context it has to be stressed, that the performance of SPS is verified for the Jamuna
river, at which banks the test structures were situated. The attempt was made to generalize the
results to allow for use also for other major rivers of Bangladesh. Although the specific site
conditions at the Jamuna may appear to be must eritical, it has to be emphasized that in par-
ticular meandering rivers might result in much more devastating impacts, ¢.g. in case the river
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Is attacking the structure almost perpendicular, Tn addition. some of the generalized coeffi-
cients used in various equations for estimation of hydraulic and morphalogical boundary con-
ditions are subject to further refinement based on future cxperience and increase of knowledge
as compared to the present state-of-the-art. This points at the very significant issue, that all

river and design experts involved should contribute 1o the permanent upgrading process of

this handbook to fill remaining gaps of knowledge and to arrive at an optimal river bank man-
agement,

Moreover, the discussion on optimal river training techniques is still going on and it will
probably take another decade or even generations to find a satistactory solution. Nevertheless,
as mentioned, the proposed SPS are expected to be adaptable to suit the objectives also within
different strategies,

1.3 ALLUVIAL RIVERS AND THEIR CHARACTERISTICS

L.3.1 Classification of Alluvial Rivers

Rivers can be divided, according to the topography of the river basin, into the upper reaches
in the hills, the middle reaches on the alluvial plain and the lower reaches affected by the sea.
Alluvial rivers flow through alluvia, which have been built up by the rivers themselves and
which continue to be eroded and deposited by the rivers. They can be classified according to
their vertical stability into three types: (a) stable, (b) aggrading and (c) degrading type. The
classification depends on the amount and the size of sediment entering the river and its trans-
port capacity for the sediment load. A stable river is in so-called ‘regime’. A river section is
stable when its transport capacity can cope with the incoming amount of sediment. The re-
gime of a river depends on the magnitude and the variation of its discharge and sediment load,
the composition of its bed material, the topography and the composition of its surrounding
floodplains and banks. However, the dependence on these boundary conditions is not distinc-
tive, under given certain boundary conditions, several river regimes are possible.

As the sediment load and discharge vary in time, any particular section of the river may be
aggrading, degrading and stable at different times. Besides these seasonal changes, an alluvial
river normally shows several types from the entry into the alluvial plain towards the estuary.
Aggrading and degrading rivers are interim forms, which would eventually develop into a
stable river if the boundary conditions remain unchanged. Aggradation is caused by excessive
sediment or a decrease in flow velocity, which may be due to a sudden inrush of sediment
from a tributary or the widening of a river section. Degradation is caused when sediment in-
trusion is hindered or when the water level slope increases, for instance downstream from a
dam or upstream from a cut-off. Any change in the balance of boundary conditions affects the
river regime. If boundary conditions change relatively fast, rivers never reach their regime and
remain in a dynamic state of retarded adaptation.

1.3.2  Meandering Rivers
Sinuous rivers or sinuous channels within a river are called ‘meanders’, Their planforms

change through erosion of the outer banks. The term ‘meandering” refers to the process of
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forming a sinuous course through bank erosion, but is also used for any shift of the banklines
(although, e.g., the widening of a river is not.a form of meandering) and to distinguish certain
river planforms from those of straight and braided rivers (see Section 1.3.3), The terms “me-
andering’, ‘braided” and straight” are not mutually exclusive, because at different water stages
the appearance of a river may change, dependent on the number of channels visible at certain
water levels.

A quantification of the sinuosity, which is the hend scour
feroswon)

ratio of the valley slope to the slope of the river Pem >
(i.c., approximately the length of the actual 1| X o
mieandering channel course versus the theoreti- | ) t

I\ U

cal shortest passage through a valley), is more
precise. Following this definition. the term
*meandering’ is used for channels or rivers
with a sinuosity larger than 1,25 or L5,

point bar
fuceretiom)

Fig. 1.3-1: Meandering river

1.3.3 Braiding and Anabranching Rivers

The multiple channels of rivers like the Jamuna and the Ganges river are partly braiding and
partly anabranching (Fig. 1.3-2), Braiding occurs if the width-to-depth ratio of a niver is ubove
4 certuin threshold, which is the case if the banks of the river are casily eroded. The dominant
process of channel shifting is bank crosion. deposition and the dissection of within-channel
bars. Discharge variations and aggradation are not obligatory conditions for braiding,
nonetheless, rapid discharge variations can promote braiding as they enhance bank erosion,
and the number of braids increases with aggradation. Anabranching differs from braiding
regarding the fact, that the flow is divided by islands (chars), or sometimes bars, which are large
in relation 1o the channel width.

.I_’.rai;l'm;_: Anabranching

Fig, 1.3-2: Braided and anabranched rivers (schematic)

Each anabranch is a distinet and rather permanent channel with banklines, whereas braids lo-
cated within the banklines of a single broad channel are shifting more frequently. The dominant
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process of channel shifting in an anabranched river is avulsion, which occurs if the river cap-
tures a new watercourse on the mainland, thus excising an island from the floodplain,

A typical cross-section of a braiding river is shown in Fig. 1.3-3. The active flood plain (AFP)
covers the area in which the different river channels may vary. However, these boundaries are
subject to change over time and describe more or less the recent area of channel courses, The
important parameter of bank full discharge of a river refers to the level of the floodplain. For
the major rivers of Bangladesh the statistical return periad of the bank full discharge is be-
tween one and one and a half years (compare Chapter 4). Chars with a crest level above the
bank full discharge are anticipated as quite stable features. whereas lower chars are tempo-
rary features only.

Bristow (1987) proposed a classification of river channels into different orders. The entire
channel is the first-order channel and comprises a number of smaller second-order channels.
The latter have slightly different characteristics and as a result they show a different behay-
iour in terms of water level slopes as well as the discharge and sediment capacities. The shifi-
ing characteristics of the river can be divided according to the order of the channel. The rate
of shifting of the first-order channel is 75 to 150 m per year. The second-order channels
change their course continuously. Larger channels are abandoned and new ones develop in a
few years only. A bank erosion rate of the second-order channels of 250 to 300 m per year is
common, but in extreme cases it can be more than 800 m per year.

Sel back Lond Sel bock Land

Active Fiood Plaln (AFF) ==
HW

P e Mmoo

_/@Hurn

Shaal
Actual Minor Bed I
Major Bed

Fig. 1.3-3: Typical cross-section of a braiding river

1.4 RIVERS OF BANGLADESH

1.4.1  River Network and Morphology

The main rivers of Bangladesh are the Ganges and the Brahmaputra originating in the south
and north eastern Himalaya respectively as well as the Meghna, draining the Sylhet basin in
the north eastern part of Bangladesh, Together with numerous tributaries and distributaries a
dense network of rivers in Bangladesh is formed (sce Fig. 1.4-1), representing the lowermost
alluvial deltaic reach of the fluvial system, which is draining to the Bay of Bengal. One im-
portant hydrological aspect of the rivers of Bangladesh is, that the rise and fall of the river
stages are only very weakly dependent on the local rainfall, beeause 92 % of the catchment
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lies outside Bangladesh, The rivers have changed their courses frequently in the past, the
Brahmaputra switched from its castward course in favour of a southward course along its
small former distributary, the Jamuna river, and the old Brahmaputra course became 4 small
distributary of the Brahmaputra/ Jamuna river itself. Previously, the Ganges used to empty
into the Bay through the Arial Khan river, but after capture of the Brahmaputra/ Jamuna TIver
flow it shifted north-eastward joining the Upper Meghna,

The Brahmaputra (called Jamuna in Bangladesh) has one major tributary on the right bank,
the Teesta, and two left bank tributaries. the Old Brahmaputra and the Dhaleswari river. It is a
wandering braided river with an average bankfull width of approx. 11 km.

The Ganges is a widely meandering river with a bankfull width of about 3 km, with one ma-
jor tributary on the left bank, named the Mahananda. The right bank distributary, the Gorai,
carries part of the high stage flow of the Ganges 10 the Bay of Bengal. The river Ganges rises
from the southern flanks of the Himalayas in India. Before meeting with the Brahmapu-
tra/Jamuna in Bangladesh, the river stretches over 2.200 km. draining an arca of about
1,000,000 km?, After changing its course about 500 vears ago. the rver is now in a dynamic
equilibrium. The sinuosity of the river is decreasing. It is behaving as a wandering river, n
particular the part downstream fromi Hardinge Bridge, changing its planform between mean-
dering and braiding, An active corridor of the Ganges has been identified. within which the
risk of bank erosion is high, but also some embayments and nodal points along the river have
been observed. in between which the river wanders. The erosion rate of the Ganges is quite
high with almost similar values as for the Brahmaputra/ Jamuna river. However, the erosion
rate is considerably reduced when the river attacks the highly crosion resistant boundary of
the corndor,

Geo-morphologically, the river Padma is still a young river. It is now in 4 dynamic equilib-
rium. A stretch of about 90 km is almost straight and the river planform is a combimation of
the meandering and braiding type indicating a wandering river swinging within an active cor-
ridor. The boundary of this corridor is often attacked by the river resulting possibly in widen-
ing of the corridor. The variation of the total width of the river is guite high ranging from 3.5
ki to 15 km, The braiding intensity of the Padma is low and typically there are only two par-
allel channels in the braided reach. The shifting processes of the channels are quite rapid.

Summarizing. it can be stated that the bank erosion rates of the three main rivers are very
similar. However, at Ganges and Padma, the bank erosion is restricted to the boundary of the
active corridor, which consists of atluvial and deltaic silt deposits, whereas the floodplain
outside of it is more resistant to erosion. At the Brahmaputra/ Jamuna the flow attacks any of
the banks and new chanriel courses outside the active flood plain are created frequently.

The Upper Meghna, which originates in the Shillong Platean and foothills, is a relauvely
small river having a bankfull width of about | km only. The Ganges and the Jamuna meet
near Aricha forming the Padma river, which flows south-eastward until it reaches the Upper
Meghna near Chandpur. This reach of some 120 km is relatively straight with one important
right bank distributary, the Anal Khan river. which carries part of the Padma flow directly
into the Bay of Bengal.
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Fig. 1.4-1: Major rivers of Bangladesh
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1.4.2 Hydrological Aspects

The hydrology of the rivers of Bangladesh is poverned by the surface and subsurface runoff
generated by the rainfall distribution in the respective catch areas. In the winter (October until
March), north-castern monsoons oceur due to the presence of a high pressure zone in the
Asian highlands. Therefore, Bangladesh experiences relatively moisture free continental
winds, whereas during summer a low pressure zone develops in Central Asia generating mois-
ture-laden winds from the Arabian Sea and the Bay of Bengal, resulting in a distinct seasonal
rainfall distribution, In January/February there is only light rainfall of about 25 mm. During
the period from March to May early summer thunderstorms, known as Northwesterlies. occur
with 4 rainfall of about 90 mm in the northwest and about 420 mm in the northeast. From
June 1o September the southwest monsoon oceurs with heavy rains.

The annual average rainfall in the Brahmaputra/ Jamuna area is some 1,900 mm and the water
yield per km? of the drainage basin is about 0.03 m/s. The Brahmaputra/ Jamuna drains an
estimated volume of 620°10” m* of water per vear into the Bay of Bengal with an annual aver-
age discharge of 19,600 mY/s. Each year the river reaches a bankfull discharge at about 48,000
ms. with a maximum of about 100,000 m*/s during the 1988 flood. The average water sur-
face slope is approx. 7 ecm per km (7 107, decreasing in downstream direction from 8.5 10"
at the upstream end within Bangladesh and 6.5 107~ near the confluence with the Ganges.
Dependant on the rainfall distribution, the river stage varies by about 6 m. Regurding the hy-
drograph of the Brahmaputra/ Jamuna, seven phases can be distinguished (see Table 1.4-1 for
the location Bahadurabad). The most important characteristic of the hydrograph is the exis-
tence of a long-lasting peak between July and September.

Phases Months Variability Characteristics

1 March to May Slow rising

2 June rapid rising

3 July und August varying peaks

4 September very slow falling

3 October Rapid falling

6 November and December Slow falling

7 Junuary and February Nearly constant

Table 1.4-1: Characteristic phases of the annual hydrograph of the Jamuna river

The river Ganges has the lowest water yield per km? among the main rivers of Bangladesh. It
is about 0.01 m*/s with an annual rainfall of some 1,200 mm, The river drains 252:1 0" m* of
water annually to the Bay of Bengal. The annual average discharge of the Ganges is only
about 56 % of the Brahmaputra/Jamuna, varying from a minimum of 1,000 m*s to a maxi-
mum of 70,000 m¥/s over the vear. A seasonal water level variation of about 8 m can be ob-
served at Hardinge Bridge. The water surface slope of the river is 5-10 * . ie 5 cm per km,

The Padma, which is draining the combined flow of the Brahmaputra/Jamuna and the Ganges
and the lower reach of which is weakly influenced by the tide during the period from Decem-
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ber to April, has an annual discharge of about 28,000 m/s. The seasonal water level variation
is about 6 m.

The Upper Meghna is representing one of the areas of highest rainfall in the world (annual
rainfall of approx, 4,900 mm), the water vield is about 0.06 m%s per km?® The annual average
discharge is about 4,800 m*/s and the river drains some 151 10° m? of water per vear into the
Bay of Bengal. The lower reach of the river becomes tidal during the period from December
to April. The seasonal water level variation is about 5 m.

The Lower Meghna is a tidal reach, which carries almost the entire fluvial discharge of the
Brahmaputra/Jamuna, the Ganges and the Upper Meghna. The net discharge varies from
10.000 m¥s in dry season to 160,000 m"/s in monsoon season.

Major rivers
Jamuna | Ganges ‘7 Fadma Upper | Dhales- | Goral Arial Otd
River characteristics Meghna wari Khan | Brahma
-putra
Cate l’.lrncnt area 057 (.06 . 0.077 ~ 5 .
(mitlion km”)
Ciracient (m/&km) .07 005 .04 0 1a 0,02 0045 .04 - 0.07
Average discharge (m'/s) 1H600. | 11000 | 28 000 4 800 600 1400 2600 500
Bankiull discharge (m"s) | 48000 | 43000 | 75 oo = 7 - = 2
Return period of bank-full i 140 ii0s B . B . "
discharge (year)
Width (m) 11 a0 5000 7000 1 0040 254 - - 330
Averige depth (m) 5.0 4.5 - 47 9.0 = - 7.0
Sf.‘asu.nzl] water level G 8 6 5 3 8 B
variations {m)
lower :
. : yipir 2 lower ontife
Tidal influence none none I wanter | in winter | reach in none
redches reach
winter
Median overall 190 120 90 150 179 180 1840
bed- active bed 200 140 = F 5 = i
rmaterial law-velocity
urain  Size | areas 35 in - - - =
{lm}
Vertical stability stable | stable stable - = figrid: | degrad- | aggrad-
ing ng e
Meander  wave length . 29 " o0 . 05 43 is
{km)
Channel sinuosity (-) - 1.2 i1 - 155 % § 1.8 1.4
Brice braiding index (-) 4-6 - - - - -
Regime A R.97 997 4.76 = * = >
B=uQ" [B 1,57 0.555 0.62 = - -
Regime A 0.4 028 028 = = 5 Z
H=uQ" [B 0.26 029 1030 - -
Pegree of non-linearity in
relation between sediment 166 50 = . B .
transport and flow velo-
city
Regime relutions for individual channels; B = widih tm, h = water depth tm), © = bankfull discharee (m's)

Table 1.4-2: Important characteristics of major rivers of Bangladesh
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1.4.3  Geological and Sedimentological Aspects

Geologically Bangladesh can be divided into three broad physiographic regions. These arc the
Tertiary Hills, the Pleistocene Uplands and the Recent Plans, which are also the mujor relief
features of the country. The Recent Plain can be further subdivided inta Piedmont Alluvium,
Flood Plains and the Tidal and Estuarine Flood Plains.

The country consists primarily of deltaic alluvial sediments of the three great rivers Ganges-
Padma, Brahmaputra/ Jamuna, Meghna and their tributaries. The basins of the Brahmaputra/
Jamuna and the Ganges are bounded to the tectonically highly active Himalayas mountain
ranges, which are subject to severe erosion contributing to the heavy sediment load in the
Ganges and the Brahmaputra/ Jamuna, The entire country of Bangladesh is a part of the Ben-
gal basin, filled in the tertiary-quaternary geological period. The basin is an area of subsi-
dence, which is balanced by the deposition of sediments supplied by its river system. The
thickness of the sediment cover above the basement rock increases from about 180 m along
the Rangpur-Dinajpur axis to over 18,000 m in the south eastern part of the country.

Pleistocene sediments constitute the floodplain deposits of the earlier Ganges and Brahmapu-
tra river. They are clevated relative 1o the recent floodplain and can be identified by their tone
and texture. They are reddish in colour, highly oxidised, compacted and contain less water
than the recent sediments, The latter are typically dark. loosely compacted and with high wa-
ter contents and appreciable quantitics of organic components as shown in Fig. 1.4-2,

Fig. 1.4-2: Soil stratification with niore recent sediment layers (organic
and darker in colour) on top of Pleistocene sediments

The rivers of Bangladesh are characterised by a fine sedimentary environment. The conse-
quence is that the threshold velocity for sediment mobility is low. about 0.2 m/s. Henee, the
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rivers‘are highly mobile with continuous reworking and deformation of their beds and banks
transporting huge quantitics of sediment.

The floodplain of the three main rivers Brahmaputra/ Jamuna, Ganges and Padma consist of
recently deposited sediments. The oscillation zone of these rivers consists of alluvial sand and
is covered by alluvial silt or deltaic silt. The latter are expected to be cohesive to some extent
and exert a higher resistance against erosion than alluvial sand. The extent of cohesion. how-
ever, depends on the clay and mineral contents as well as on the age of the deposition. Such
minerals are carbonate minerals from the limestone of the Himalayas and the Pleistocene soil
in northern India. Carbonate minerals are present in the Ganges floodplain, but absent in the
floodplain of the Brahmaputra/ Jamuna. Hence, the resistance to erosion is expected o be
higher at the Ganges than along the Brahmaputra/ Jamuna.

In general, alluvial sediments may range from fine silt to gravel, whereas a large pan (about
60 to 85 % of the total volume) of the sediment load in all rivers of Bangladesh consists of
silty materials. The recent sediments near the present courses of the Brahmaputra/ Jamuna, the
Ganges and the Padma can physically be classified as follows:

¢ Alluvial sand
Coarse to fine silty sand of light to brownish grey colour constitutes the channel bars and
the levee deposits along the rivers and the large tributaries. The Jamuna sand ranges in
size from coarse to fine, while the Padma river sand is medium to fine. The boundaries of
the alluvial sand represent probably the oscillating boundaries of the rivers,

o Alluvial silt
Light to medium grey. fine sandy to clayey silt, mainly deposited in the flood basins and
in interstream areas. It is normally poorly stratified and the average grain size decreases
with the distance from the main channels. These silt deposits surround the alluvial sand
strips of the Brahmaputra/ Jamuna and are only found at the left banks of the Ganges and
Padma.

»  Alluvial silt and clay
These sediments of medium to dark-grey colour are located close to the boundary of the
active corridor of the Brahmaputra/ Jamuna for a few kilometres at the left bank and at a
few stretches of the left banks of the Ganges and Padma,

s  Marsh and clay peat
These deposits of grey clay, black peat and yellowish-grey silt are found in subsiding ar-
eas near the left bank of the Ganges and Padma.,

¢ Deltaic sand
This light to yellowish grey, fine to silty sand was mostly deposited during floods in chan-
nels and floodplains including channel bars and point bars. They are found on the right
bank of the Ganges and Padma.

¢ Deltaic silt
This grey, fine sandy silt to clayey silt were deposited in flood basins and are found al-
most all over the right bank of the Ganges and Padma. At the upstream reach of the
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Ganges the deposition is older than the deposition at the downstream part of the Padma.
The cohésiveness of the material depends on the age of the deposition.

The Brahmaputra/ Jamuna shows the largest sediment grain sizes and transports the largest
sediment load. The median diameter of the bed-material decreases from 220 pm near Chil-
mari to 165 um near Aricha. The mean annual suspended sediment transport is estimated to
vary from 390 to 650 million tons.

The river Ganges has a more fine-sedimentary enivironment than the Brahmaputra/ Jamuna.
The median bed-material diameter is about 120 pm and the mean annual suspended sediment
transport varics from approx. 200 to 550 million tons.

The bed-material sediment of the Padma varies from 140 pm in the upper reaches to 90 pm
in the lower reaches. Due to the combined flow of the Brahmaputra/ Jamuna and the Ganges
the estimated mean annual suspended sediment transport varies from 600 to 1200 million
ons,

The bed-material of the Upper Meghna has a median diameter of 140 pm and the river rans-
ports some |5 million tons of suspended sediment annually, Among the distributaries, the
Dhaleswari river transports approx. 20 million tons and the Gorai river some 50 million tons
annually,

1.4.4  Seismic Aspects

Bangladesh is located in an active tectonic region related to the convergence and collision of
the Eurasian and Indian Plates. The results of such tectonic activity are the existence of sev-
eral deep-seated faults, structural upwarping or downwarping and episodic earthquakes.

In the 19" and 20" century over 200 major carthquakes occurred in and around Bangladesh,
but there seems to be no seismically active fault in the territory. However, causative faults and
regions of high seismic activity exist in neighbouring India and Burma in the north and east of
Bangladesh, Earthquakes in these areas can affect the adjacent regions in Bangladesh as well.
Bangladesh can be sub-divided into three seismic zones, as shown in Fig. 1.4-3, with increas-
ing severity from Zone | to Zone 3.

The intensity of the carthquakes to be expected in the various arcas is generally expressed by
the magnitude of the horizontal seismic acceleration. A possible simultancously vertical ac-
celeration is generally negligible low, compared with the acceleration due to gravity.

If a structure is to be built in an earthquake region, the effect of possible carthquakes at the
site area must be taken into consideration. This holds in particular for river training and bank
protection structures, since the horizontal seismic acceleration, which oceurs during a quake
affects the active and passive earth pressure, the safety against foundation failure, slope fuil-
ure, sliding and also the shear strength of the soil. Under unfavourable circumstances the lat-
ter may temporarily disappear completely.
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2 BANKLINE EROSION AND POSSIBLE PROTECTION MEASURES
2.1 PROCESSES OF EROSION AND MASS FAILURE OF BANKS

2.1.1 Introduction

The stability of unprotected river banks depends on a number of factors which have to be as-
sessed carefully in the process of selection and design of suitable protection measures. A reli-
able assessment of potential causes of bank failure is indispensable for the success of any
measures, i.e. for the integrity of the selected bank protection system and thus the stability of
the river bank. However, it is stressed that the proposed protection scheme can possibly affect
the overall stability of the river or a river channel.

Bank erosion can oceur in stable as well as in unstable rivers or river channels. Although the
morphology of stable rivers is in a state of equilibrium with regard to the governing physical
processes and is not expected to change significantly the general shape and dimensions, some
local erosion and deposition is likely to oceur, especially in meander bends.

Modification of flow velocity, discharge, sediment load and river morphology in unstable
rivers/ river channels are major factors initiating erosion and deposition. How fast the river
responds to changes in boundary conditions depends on the natural stability of the subsoil and
the extent of changes. Successive erosion and deposition often leads to rapid changes in the
river planform and slope. Increased meandering reduces the channel slope, whereas straight-
ening of the channel through cut-offs in most cases increases the local gradient. Any changes
in bed elevation can also promote rapid bank erosion. Incision can destabilise a bank. Strong
accumulation of sediments, followed by development of bars and islands promotes rapid wid-
ening and development of braided channels.

2.1.2  Surface Erosion of Banks

In general surface erosion of river banks or along the river bed occurs if the driving erosive
forces are exceeding the resistive forees of the individual grains or of the conglomerates in
case of cohesive materials. The main impacts responsible for surface erosion at river banks
are (see also Fig, 2.1-1):;

¢ current induced shear stress

* wave loads (wind-generated waves; ship- and boat-gencrated waves)

* seepage (excessive pore pressure)

* surface runoff

* mechanical action (desiceation, ship impact, activities of humans and animals)

Shear stress induced by current flow is the main hydraulic erosion factor. Although the pri-
mary current (velocity component in direction of the river course) is much larger, in river
bends sccondary currents, which are mainly generated by inertia forces, are the key factor for
the asymmetric cross sectional profiles,

3
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Fig. 2.1-1: Processes of surface erosion (adopted Hemphill and Bramley, 1989)

However. due to the velocity gradient in the primary current also in straight river sections
secondary flows exist (Fig. 2.1-2). Moreover, in turbulent flows three-dimensionality of the
current distribution is amplificd by irregularities in the cross-sectional shape of the channel or
by changes in the roughness of the river bed. In most formulae developed for computation of
bed scour the secondary flow component is not considered explicitly, butis taken into account
through empirical coefficients.

Bed shear stress

Fig. 2.1-2: Contours of primary and secondary flows as wellas the shear stress distribution in
a trapezoidal channel (adopted Hemphill and Bramley, 1989)

The geo-morphological processes in natural rivers arc even more complex. Obstructions to the
flow as well as variations of the roughness of the river bank and/ or river bed cause changes in
the velocity distribution and the secondary flow patterns. As 4 consequence the river starts o
develop bends. Once the meandering process has started, it tends to sustain itself. This devel-
opment is also possible in lower river reaches, where the slopes are more gentle, in particular
in alluvial soils. Significant variations of the shear stress along straight and meandering sec-
tions can be observed (see Fig. 2.1-3). Seouring occurs at the outer bank of a4 meander bend
during fleod flows, since the <hear stress (i.e. the velocity) adjacent to the bank increases in
the direction of the flaw. The croded material is transported as bed load and suspended load
and will be deposited in areas of smaller flow velocities. Consequently, deposition of sedi-
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ment oceurs at the mner bank along a river bend, caused by the decrease in shear stress in
downstream direction.

In meandering and braiding rivers with outflanking channels, erosion generally oceurs at con-
cave banks rather than at convex banks. Maximum values of the bank shear stress during high
water stages (bank full discharge) are observed at the base of the outer bank in the meander
bend. At low flows, peak values occur at the meander apex. Parallel with increasing dis-
charge, the peak values move downstream towards the inflection point. For that reason the
actual location and rate of bank erosion depends on the residence time of prevailing boundary
conditions, 1.¢e. the water level stages and associated flow conditions and shear stresses.

The influence of wave action is mainly important along the actual bank line. i.e. the transition
between water and adjacent flood plain of a river. In this zone the wave energy is transformed
to wave run-up and wave run-down, ereating high velocity components normal to the river
slope, thus increasing shear stress and erosion. In addition, dependent on the breaker type -
especially under plunging breakers, extremely high pressure heads may occur, which have
considerable destructive force when hitting the bank line.

Seepage or surface runoff are typical sources of mass failures, which are deseribed in the fol-
lowing Section 2.2,

Bed topography in Bend A-A

meandering channels
B A Ser R R
contours
/ Point bar Secondary currents
- ! {see Figure 2.1)
— A T T 1»,\ b <
[ = AN
Boundary shear stresses

Inflexion pointB- B

o G == S

Secondary currents

Boundary shear stresses

Low flow Medium flow High flow

Fig. 2.1-3: Sccondary currents and boundary shear stress in a meandering channel (after Hey,
1986, in Hemphill and Bramley, 1989)
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2.1.3 Mass Failure of Banks

Mass failure of river banks can be divided into block failures and slip failures, initiated by
different processes. which are illustrated in Fig. 2.1-4. The actual failing of a river bank may
not follow immediately after an impact, in some cases the failure process takes several days.
On the other hand this indicates that a failure may occur without waming at almost any time,
if active surface erosion, toe scour is prevalent or an additional load is applied to the bank.
The risk of mass failures is increased during heavy rain and during quick fall afier high river
stages. Potential failure modes of slip and block failures are listed below:

Surcharge
ioading
{ 1 i
[T i g urtace drainage and infiltration S st e
Watér table o i | due to flood recession
Tension

- cracks .=
\ =523

\ Highpore
\wamr pressure

N\

N

|ﬂ

Shallow slip due to seepage-related
forces, oversteepening and toe scour
Block from

'\ Seepags N>
A tailed bank

Rotational 3

slip ~ :

~—T==- Slip failure surface B " Toe scour increases
bank height and:

STy Erosion causes undercutting

Fig. 2.1-4: Processes responsible for mass failure of a river bank

Slip failures

e In case of non-cohesive material and a shallow bank angle the failure surface is usually
approximately parallel 1o the slope angle. Water seepage can substantially reduce the sta-
bility of the bank, whereas vegetation will normally help to stabilise against failure.

o Steep or almost vertical banks of non-cohesive materiul can fail along a plane or slightly
curved surface. This is often the case when the river water level is low relative to the total
bank height.

e If relatively deep tension cracks have developed on the surface of the river bank, failure
oceurs by sliding and/or toppling. This failure mode is little affected by the groundwater
table, but is more likely if the crack fills with water.

e Deep-scated rotational failure is possible in cohesive soil where the banks are steep and
moderately high. If the soil is relatively homogeneous, the failure surface may follow a
circular arc.

e It isulso possible that layers of weak material affect the actual shape of the failure surface,
which may then inelude logarithmic spirals or even planar sections. Both types of failure
can extend beyond the toe of the bank. The stability is significantly affected by the posi-
tion of the water table and if the tension cracks are filled with water.
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» I the outside of an eroding meander bend lies at the edge of the river valley, further ero-
sion can trigger a massive landslide stretching up the valley slope. Tension ¢racks, bulging
above the toe or noticeable movement are signs of potential failure.

Block failure

* Ifthe lower part of a composite bank, which is more frequently exposed to flowing water,
consists of more erodible material such as sand andfor gravel, the upper part can be under-
cutand falls as a complete block down the slope.

Typical modes of river bank failure are exemplary shown for stip failures and for block fail-
ures in Fig. 2.1-5 (adapted from Hemphill and Bramley, 1989).

Slip Failure Block Failure
Before
Cohesive -,
. o
Sand,.’gmw;i "
After

Rotationat failure in homogeneous material Failure of composite bank

*  usually on moderately high or steep banks »  failure with upper soll in tension, followed by

*  usually in cohesive material rotation

* tension cracks reduce stability particulary when |« afterfailure block usually remains intact with
water-filled vegetation towards river

+  significantly affected by position of water table |« fallure can alsa be by shear
- failure may extend beyand tos

Fig. 2.1-5: Typical modes of river bank failure (adopted Hemphill and Bramley, 1989)

22 GENERAL CONCEPTS OF BANK PROTECTION MEASURES

2.2.1 Introduction

In order to prevent erosion of river banks, suitable counter measures are required. These may
be single or combined structural and non-structural measures. In general, three relevant con-
cepts of erosion counter measures are existent:
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e River training measures, which are intended to influence the flow conditions or channel
properties downstream of the man-made intervention (active measures)

o Structures, which are aimed to decrease the hydraulic impacts directly in front of an arca
to be protected (partly active and passive measures), e.g. groynes

e Structures to protect the actual bankline without relevant active interference on the fluid
(passive measures). Le. revetments

Either of them must be designed properly to resist hydraulic loads and to prevent the river
channels from uncontrolled changing. These guidelines target on suitable tools for planning
and implementation of permanent structural active and passive bank protection measures, e.g.
groynes and revetments, whereas river training measures. as improved low-cost measures
within an active flood plain management, will be discussed only briefly in Section 2.2.2.

2.2.2  River Training Measures

River training measures comprise permanent and recurrent measures, which are built either on
the mainland, the Nood plain, attached chars or which are built as Hloating structures. A large
variety of traditional and low cost measures is existent, such as bandals, bamboo groynes
(spurs), porcupines, sills, floating screens, cut-offs; so-called intelligent dredging schemes,
ete. that are being used in Bangladesh and surrounding countries. In general, due to con-
straints of the natural material and hand driven equipment used, these measures are restricted
to a certain range of applications and comparatively low hydraulic impacts. Some improve-
ments have been introduced to allow for use also under moderate boundary conditions. Which
of the above measures is selected. depends mainly on the strategy followed and on the pre-
vailing or expected hydraulic loads as well as on available materials. Some brief details on the
most relevant methods are given in the following.

2.2.2.1 Bundals

“Bandals” are vertical vanes with a gap near the river bottom (see Fig. 2.2-1 (a)), which are i
general temporary placed during descending water level stages at one or at both sides of a
channel. Bandals consists of a framework of bamboo driven into the riverbed and supporied
by struts. Bamboo mats are fixed to the framework near the water level. Bandal structures are
commonly applied to improve/ maintain the depth of river channels for the navigation during
low water periods or 1o close secondary channels by redistribution of discharge and sediment
load at bifurcations, The individual bandals are oriented at an angle of 30 10 40 degrees (in-
clined downstream) 16 reduce the flow veloeity near the bankline and to increase the flow
velocity in the thalweg, thus, to narrow and deepen the main flow cross-section of discharge.
As a rule of thumb the blockage of the flow section should be about 50% (i.e. panel height
and clearance from lower panel edge to river bed level at time of installation should be about
equal.

Due to the fact, that the efficiency of bandalling depends strongly on the actual water depth.
which is varying quite intensively, a good performanee is achieved only during particular wa-
ter level stages, where an optimal blockage ratio of the individual bandals is achieved.
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Furthermore, the prevailing sediments must allow for a certain mobility, to allow for re-
shaping of the river bed.

In order to maintain the efficiency of bandal structures over a longer period during the low
water phase, improved bandals with increased stability and adjustable mats have been devel-
oped to cope with the Nuctuations of the water level (see Fig. 2.2-1 (b), (¢)). These structures
are used for water depth up to 4 m to 5m, therefore a proper foundation by use of timber piles
or bamboo bundles of suitable length is required in order to bear stronger hydraulic loads.

To further increase the efficiency and flexibility of bandals floating sereens have been devel-
oped. These consist of a floating element e.g. 4 pontoon or barge to which a vertical sereen is
fixed (see Fig. 2.2-1 (d)). The screens are adjustable in depth to maintain optimal blockage. A
number of floating screens can be linked together in a chain, which can be placed at a suitable
location and direction in the river fixed by an appropriate anchor system.

2.2.2.3 Dredeing Measures

Dredging is an cssential element of river training works for river sections where an adjust-
ment of the flow ¢ross-section and the river bed profile is planned. This can be achieved either
by substantial dredging, deepening one channel while filling the other or by changing the flow
conditions at the bifurcation through correction of the planform or bed profile resulting in
erosion of the flow attracting channel (see Fig. 2.2-1 (¢)). Artificial cut-offs and closure dams
are specific types of dredging measures.

Dredging can also affeet the flow and the shape of the cross-section in an eroding outer chan-
nel, where the thalweg is normally located at the outer bank {see Fig. 2.2-2). The reshaping
will influence the horizontal flow distribution, nevertheless after completion of the dredging
works, the spiral flow (secondary components) will continue eroding the channel bed near the
outer bank unless the bed is suitably protected. The croded material at outer banks can also be
refilled by supply of dredged material covering the lower part of the endangered bank slopes
(see Fig, 2.2-3).

Fig, 2.2-2: Changing ol & eross-section Fig. 2.2-3: Protection of outer hank by dredged matenal

The comparatively large volume of material to be dredged requiring substantial dredge capac-
ity, restrict applications to sccondary or smaller channels and to low water stages. If the river-
bed is not protected after re-shaping. dredging measures are rather unstable and require recur-
rent activities .
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2.2.2.4 Artificial Cut-off

Cut-offs may be initiated to reduce the erosion attack at well developed coneave bends (see
Fig. 2.2-1 (1) by excavating a channel in full dimensions or as a pilot channel which is eroded
to the final extend during rising water level stages, provided that the existent sediment is
fairly mobile sandy soil. The rate of flow directed in to the pilot channel should be at least
25% to 30% of the bankfull discharge. The creation of a cut-off results in an increase in water
slope, bed slope and flow velocity. in parallel the water depth will decrease, which usually
lead to local erosion. The eroded material is normally deposited in the reach downstream from
the cut-off.

2.2.2.5 Closure Dams

Sccondary channels in a braided river or river bends may be also closed by earthdams, which
are bunlt during low water stages. Typical locations are at bifurcations or at narrow areas of a
channel. The slopes and the crest of the dam must be protected against wave and current at-
tack, in particular in case overtopping is allowed. The toe of the slopes must be protected by
suitable aprons and special attention must be also given to the transition between earth dam
and banks of the channel. Bypassing of the closure dam by new channels eroding the transi-
tion zone must be avoided.

2.2.3 Groyne Structures

Groyne structures can be considered as partly active and passive measures. The decisive crite-
rion in this regard is the structure permeability which will be discussed below. Groynes are
built perpendicular or at a certain angle to a riverbank. protruding into the river. The main
objective is to deflect the flow away from critical banks, i.e. for controlling erasion, to estab-
lish and maintain safe navigation channels as well as to reduce the flow velocity downstream
from the structure to initiate siltation in this area.

There is a large varicty of groynes with regard to design, hydraulic properties as well as to
construction materials and methods. They can be classified based on the

¢ inclination and shape
e permeability and submergence

of the individual groynes.

Groynes inclined in upstream direction are called repelling groynes, because of their ability to
divert the flow away from the structure (Fig: 2.2-4). In contrast. attracting groynes point
downstream and attract the flow towards the structure’s head and thus to the river bank (Fig.
2.2-5). Therefore, this type of groyne should be placed at the inner bend of a river course to
protect the outer concave bend. As demonstrated in the Figures single groynes provide only
local protection. For that reason, normally several groynes are combined to form a groyne
field to increase the efficiency and to enlarge the stretch of protected river bank.

DECHMBER 2001 2-9
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; / Bank Erosian

Fig. 2.2-5: Single attracting groyne

Due to the fact, that groynes act like 4 blockage 1o the river flow, the flow lines will merge in
front of the groyne head resulting in high local velocities and scour. To reduce this effect,
which might destabilize the groyne structure and normally requires massive scour proteetion,
and 1o further improve the performance (i.c. the protection capability), a large number of dif-
ferently shaped groyne heads have been tested over the last decades. Some alternative groyne
head designs are given in Fig. 2.2-6.

Straight groynes (Fig. 2.2-6 (a)) without any extra head protection as compared to the trunk
are most unfavourable regarding the head stability. To improve the scour resistance a more
extended round head (b). a so-called molehead, may be employed, which provides extra vol-
ume of scour protection material and a gentler transition between groyne head and river bed,

T-head (¢) or L-head (d) groynes are introduced to give additional guidance to the flow, 10
improve the bank protection, to reduce the scouring at the groyne head and 10 increase sedi-
ment depositions downstream from the groyne. T-head and L-head groynes generally need
strong cover layers.

Groynes with curved trunks are known as hockey shaped groynes (e). In particular if the
groyne is curved in flow direction (inverted hockey shaped groyne). this type allows a redue-
tion of the scour material required as compared to (c) and (d) if a strong attack at the head is
expected.

In addition, many combinations and specific designs of groyne heads are existent,
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a) b) c)

Flow direction

Fig. 2.2-6: Typical groyne heads

Impermeable groynes (see Fig. 2.2-7). can be built of local soil, stones, gravel and rock with
suitable slopes at the shanks and the head or even vertical walls at the shanks, using steel
sheet piles or pre-stressed reinforced concrete sheet piles. In case of an appropriately sloped
earthdam, the trunk and the head have to be protected by a cover layer placed on a a suitable
filter-layer. The main hydraulic disadvantage is the effect of flow separation at the groyne
head, caused by the blockage of the flow. Therefore. special attention must be given to the toe
protection at the head of the groynes, where extreme scouring occurs. In addition counter
measures against the return currents, possibly attacking the bank downstream of a groyne
must be considered. Falling or launching aprons have to be provided in these areas,

Upstream side 7 Turfing grass sods

|
!
I Downstream side
|

WL ==
A

WL =

“— Cover layer | £ Fivod plain leval

i Falling apron — Filter layer
Falling apron

Fig. 2.2-7: Typical cross-section of an impermeable groyne (non-submerged)

For that reason, within the context of these Guidelines, impermeable groynes are not recom-
mended as a standardized protection structure. Instead permeable groynes (see Fi g. 2.2-8) are
proposed, which decrease the near bank flow velocities, creating rapid deposition in that arca,
in particular in alluvial rivers with considerable bed load and high sediment concentration, To
prevent from flow separation and to achieve a gradual deceleration of the flow velocities to-
wards the river bank the maximum permeability chosen should be about 80% at the groyne
head decreasing to 40% at the groyne root. Permeable groynes may be built of steel piles or
reinforced conerete piles, which are driven into the riverbed and the flood plain, consisting of
a single pile row or of several rows. In addition to current and wave attack, horizontal loads
caused by floating debris must be considered in the design (length, diameter and embedment
length).
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Fig. 2.2-8: Typical permeable groyne structure

The advantages of permeable groynes are evident when applicd in so-called groyne fields. As
mentioned before, single groynes protect the bank against erosion enly over a restricted area
in the vicinity of the structure and need to be rather long to be effective. Moreover, due to
their sensitivity to changing directions of flow attack; single graynes are not recommended for
general application. Instead, groynes should preferably be used in series, if a certain reach of
the river bank is to be protected. Permeable groyne fields (Fig. 2.2-9) have the advantage of
reasonably controlled and bank parallel flow pattern within the groyne field. Properly se-
lected spacing of the groynes will enhance the effect of several permeable groynes on the re-
duction of the flow velocity near the bank. It has to be stressed, that in case permeable groy-
nes are utilized, other characteristics, i.e. groyne orientation or head configuration are of mi-
nor influence regarding the hydraulic performance and stability of the structures,
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Fig. 2.2-9: Flow pattern in a series of permeable groynes

Impermeable groynes can be characterized us passive structures, followed by extreme scour at
the groyne head and severe erosion of the river bunk by existing return currents (Fig. 2.2-10).
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Fig. 2.2-10: Flow pattern in a series of impermeable groynes

In a standard layout of a series of groynes all the groynes should be similar regarding length,
orientation and shape of the head of the groyne. However, often the most upstream groyne is
attacked by the flow stronger as compared to the groynes in the main section, and in such case
the design of the most upstream groyne should be adjusted by reducing the groyne length,
changing the orientation or increasing the permeability.

Groynes may be also designed as submerged or gradually submerging groynes. Impermeable
groynes, however, are designed non-submerged. since they are susceptible to sévere erosion
along the trunk by overtopping flow. Permeable submerged groynes create less severe flow
disturbances as compared to impermeable groynes, nevertheless additional scour must be con-
sidered in the required embedment length. The complete or partial submergence of the struc-
ture allows for reduction of excessive pile loads induced by floating debris at higher flood
levels.

2.2.4 Revetment Structures

Passive bank protection measures are primarily armoured structures or armour layers prevent-
ing a bank line from erosion but which do not create significant interference with the passing
fluid. The hydraulic influence on the local flow condition is limited to changes in bed rough-
ness. Typical passive measures are revetment structures, which are built more or less parallel
to the flow to form an artificial sloped or vertical river bank. Vertical structures, e.g. retaining
walls of stone-filled gabions, sheet-pile walls or similar, are not recommended for extremely
mobile rivers, since these allow for high flow velocities directly at the structure toe (influence
of water depth) followed by excessive scour, thus requiring substantial and expensive toe pro-
tection.

Structures, constructed on a slope of the riverbank or an embankment must be desi gned with a
suitably chosen gradient and an adequately sized toe protection to support the revetment and
to protect against scouring. Dependent on the prevalent soil to be protected against erosion
and the external hydraulic loads by current and waves. many different types of revetments
regarding the cross-section (berms, varying steepness, ete.) and the applied components are
existent, Due to the differences between the river water level and the groundwater table addi-
tional pore pressure and subsoil is initiated, which may induce mass failure of bank lines, es-
pecially after rapid sinking of the river water level (compare Section 2,1.3),
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A typical method for constructing a revetment slope is starting from a safe level above design
water stage and proceeding down to the design river bed level (see Fig. 2.2-11), Considering
the extreme flow conditions at the major rivers of Bangladesh, such method, imvolving con-
struction of underwater slopes is not recommended in view of the required heavy floating
equipment, material demands and the high costs.

Within the FAP 21 pilot an alternative was adopted and tested which is constructed com-
pletely on the flood plain arca (just above SLW) and that can be build by local construction
capacity. Fig. 2.2-12 shows the characteristic basic components of the recommended stan-
dardized revetment cross-section, i.e. an upper revetment, a berm, as well as launching and
falling apron. The conceptual idea behind is, that the toe protection material of the completed
structure - after experiencing erosion/ scouring at the structure front — will proceed (“articu-
late™) down the developing scour slope, thus providing a continuous protective layer. which 1s
stabilizing the riverbed! scour slope, similar to that of an underwater construction. Due to the
fact, that the vertical distance between construction level and potential scour depth in this
method is rather large, substantial scour protection material must be provided.
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Fig. 2.2-11: Typical section of a revetment structure for under-water construction
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Fig. 2.2-12: Recommended revetment structure for standardized measures
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Revetment structures must be supplemented by suitably shaped upstream and downstream
terminations, as well as by a connecting dam hetween the revetment structure and a high level
pomnt in the near hinterland to prevent from flow- induced erosion at the inner (landward)
slope of the structure.

2.3 STANDARDIZED STRUCTURES
2.3.1 Preliminary Remarks

During the FAP 21 project groyne structures and revetments were tested for several years
(1995 — 2001), investigating the properties and performance of various structure components,
materials and of the general layout. One fundamental issue was the introduction of Standard-
ized Protection Structures (SPS), where the optimal solutions based on the project findings
have been considered. The advantage of standardized structures is the accelerated implemen-
tation process within well-defined budgets. Furthermore, the variety of construction materials
has been restricted to certain proven products, e.g. to geo-textile filters, ec-blocks, bricks,
boulders and heavy wire-mesh gabions for revetment cover layers, and tubular steel piles (in
factory standard lengths) for permeable groyne fields. Therefore, material availability and
construction capacity can be improved, considering suitable material and equipment stock-
yards at strategic locations throughout the country.

For SPS limited damages. such as surface deformations or misplacement of individual ele-
ments (individual piles, falling aprons) resulting from hydrodynamic impacts of the river, may
be tolerated. Since budgets are limited, such economic approach is strongly recommended for
future measures, also because a larger number protection measures can be implemented as
compared to excessively over designed structures. However, the overall stability and the func-
tion of the respective structure must be ensured. It has to be emphasized that the application of
SPS must be limited to certain hydraulic and morphological boundary conditions as well 4s to
areas of certain value, but excluding locations of extraordinary importance (e. g., national pro-
Jects, like Jamuna Bridge, Dhaka Town Protection). Further aspects of SPS are discussed in
Chapter 3, whereas design details are given in Chapter 5 (revetments) and Chapter 6 (groyne
structures).

2.3.2 Structure Classification

The standardization of future erosion protection measures requires a structure classification
with respect to the expected hydraulic loads and areas of application, allowing for a simplified
assessment of the risk status. To define the application of SPS and to allow for economic de-
sign four Structure Categories (SC) are suggested as given in Table 2.3-1, In addition the fol-
lowing definitions should be considered:

SC1 Minor measures and structures that can be coped by traditional means and/or
ad-hoc measures.

SC2/8C3 Erosion prevention within identified priority areas of valuable assets. Limited
structural damages keeping the primary function may be tolerable, and adapta-
tions to meet changing requirements are gencrally feasible,
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SC4 Measures for objects of extra-ordinary importance and/or most severe and
complex hydraulic and morphological conditions. Damages are not acceptable.

Structure Category Depth averaged Design wave Total scour /
flow velocity height water depth
Expected Impact ad [m/s] H, [m] [m]
1 Light <1 <0.25 <10m
2 Moderate >1-2.0 0.25 - 0.50 10-20m
3 High =20-3.0 0.5-1.0 20-30m
4 Very high >3.0 > 1.0 >30m

Table 2.3-1: Recommended structure categones (SC1 - SC4)

Within the proposed limitations of application Structure Category 1 corresponds to light and
moderate flow and wave attack and applies for smaller rivers or branches with minor dis-
¢harge. For such locations, erosion can be controlled by low cost measures.

More exposed locations are associated to the Structure Categories 2 and 3, which are the pro-
posed categories for standardized structures (SPS) for erosion protection measures at the
Jamuna and other major rivers in Bangladesh. The limits for application for SC2 and SC3 as
definied in Table 2.3-1 are on a tentative basis, including a range of morphodynamic and hy-
draulic conditions. The range of limiting parameters should be confirmed or improved respec-
tively by further experience along the rivers in the future.

Structure Category 4 covers sites and objects of extraordinary importance and/or exceptional
and most complex hydraulic conditions. These situations call for specially designed protection
structures on the basis of detailed studies, modelling, and design efforts with dedicated design
and planning parameters, However, also for this structure category the design principles of the
proposed standardized structures may be applied with suitable adaptation.

2.3.3  Multi-Criteria Analysis of Revetments versus Groyne Fields

Groyne structures and revetment structures can be compared with respeet 10 significant tech-
nical and socio-economical eriteria. Other enteria, like financial or environmental aspects
depend largely on the local situation of the envisaged structure. Therefore, these are not con-
sidered in this Section,

The comparison, as compiled in Table 2.3-2. is restricted to standardized measures (SPS) of
structure categorics SC2 and SC3 and is based on the evaluation of the implemented test
structures within the FAP 21 pilot project. The evaluation of the most relevant criteria have
been rated qualitatively and the results are of general validity, therefore these can be trans-
ferred to other erosion protection structures of similar type. For a quantitative evaluation a
weighing-factor must be introduced for each criteria, which, however, depends on the local
conditions and can therefore not be assessed generally.
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St

s. [ ot
| Criteria Groyne Structure Reratnent Remarks
No. Structure
Permeable | Impermeable
1. Hydraulic Loads -
1.1 | Tolerant to unexpected hydraulic loads Yes Muoderite Muoderate
1.2 | Tolerant to unexpected scounng Yes Limited Limited
2. Production with Local Materials and Skills
2.1 |Suitable for Bangladesh contractors Yes Yes
2.2 | Use of local matenals | Possible Largely Largely
23 |Materials to be imparted or reproduced | | yrue diame] Geo-textile | Geo-textile filters
n Bangladesh ter steel piles| filter and mattresses
2.4 [ Suitable for stritegic material stock-
4 SIu}mh ¢ for stritegic material stoc Vs Limited Einiited
]'H|1ng
2.5 | Specialised skills LLarge diameter pile Mattress
installation installation
3. Construction Constraints .
31 | Construction on the flood plain Yes Yes
3.2 | Construction into the river under mod- Yes No No
erate flow conditions
3.3 | Prone to early rise of river water level
(risk of destruction of unfinished No Yes Yes
works)
34 | Site mobilisation time Short !
(the period required after award to Mode Short 3)
physically start the construction) {fapctieic)
3.5 | Construction time Moderate Long
4. Adaptability, Maintenance and Repai -
4.0 }\dapuihnhlly .1“ specific local conditions Good Good
(2.2, Lo 01t river response)
4.2 | Requirements for Maintenince and £ Muoderate *! Maderate =
R ow
Repair High High
5. Socio-Economic Aspects L .
5,1 | Job opportunities and participation of B Wiodiats Hich
local population during construction =
3 Seitiie ; T
5.2 | Land acquisition demand Liw Madirie High Depfnd_tn!_ on
configuration
Notes: 1) short, if the piling equipment is available and operational, otherwise moderate

2) moderate, if the toe protection is accessible during the dry season, otherwise high
3) provided, material can be taken from strategic stock
Table 2.3-2: Multi-criteria analysis (MCA) of standardized crosion protection structures
(for structure categories SC 2 and SC3)

Within the MCA a groyne structure is defined as a field of permeable or semi-permeable
groynes, which are connected to a main embankment and extend into the river. A revetment
structure is a reinforced embankment of a certain length with protected slopes as well as
launching and falling aprons for toe protection. The impermeable part of a groyne corre-
sponds in some design aspects more to a revetment structure than to a pile structure. There-
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fore, difference has been made between permeable and the impermeable groynes (or groyne
sections).

Principally, both types of structures can be also employed at locations with extremely high
hydraulic loads (SC4). However, a reverment structure {and similarly the impermeable part of
a groync) must be fully completed before the water level starts to rise, as otherwise the in-
complete structure is prone to fail due to undermining by river bed erosion. In contrast to this,
a permeable groyne of piles can even be completed when the water level has already started to
rise and it will not fail completely, even if a single pile is lost.

2.3.4 Typical Failure Modes of Revetmenis and Groyne Structures
Damages at structures are initiated by different causes, e.g.

e uncertainties in subsoil conditions

e irregularities or deficiencies in material qualitics

e substantial change i boundary conditions

e underestimation of design loads

e poor construction

e unintended use of structure (e.g. excessive live load)

which must be prevented as far as possible by adequate design, experienced contractors com-
bined with appropriate construction supervision and also through peoples awareness cam-
paigns. Nevertheless, all strueture components have a certain risk potential throughout their
life-time, which also depends on the guality of the monitoring activities. Some of the most
typical failure are excmplary shown in Table 2.3-3 (for groyne structures) and Table 2.3-4
(for revetments), Other failures may also take place, and might have even higher priority de-
pendent on the local situation,

Ship mpact Ciroyne pile
dynanie Groyne pile —
; DWL
loads M DWL L o

flow direction {low direction

original river bed

Rotation of individual piles cavsed by insufficient | Plastic deformation of individual piles caused
pile embedment length, e.g. due 1o excessive scour) | by unexpeeted horizontal loads (floating debris,

extreme flow veloeity, ship collisions. etc.)

Table 2.3-3: Relevant failurc modes of groyne structures at river banks
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Current induced erosion of the:revetment cover
layer

Damages of the protective layer by wave impacts | Erosion of subsoil and filter material by rain fall

Removal of material and damage to the structure

! Slip failure induced by excessive vertical loads
integrity

Table 2.3-4: Relevant failure modes of revetments at river banks

2.4 MULTI-CRITERIA ANALYSIS OF CONSTRUCTION MATERIALS AND
METHODS

The timely and successful implementation of SPS (SC2 and SC3) requires 4 standardization
of construction materials and methods, which should be available or producible in the coun-
try, and suit local construction capacities and capability,

Generally, the use of standardized local materials and construction methods by Bangladesh
contractors are possible for groyne and revetment structures. Fabrication capacities for the
production of geotextile fabrics and large steel piles can be built up in the country. Strategic
fabrication and stockpiling of groyne piles could be established. but strategic stockpiling of
large quantities of material needed for the construction of a revetment structure should be
limited to key materials.
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2.4.1 Permeable Groyne Sections

Significant criteria of steel piles, in-situ cast reinforced concrete piles and pre-cast pre-
stressed concrete piles are compared in Table 2.4-1. Other common materials, like wood or
plastic, are not suitable for the structure categories SC2 and SC3 and are, therefore. not con-
sidered in the comparison.

Concrete piles are restricted to moderate water depths and should consequently be applied for
the landward part of the permeable groynes only, Steel piles can be designed to suit any situa-
tion with exceptional scouring depths, as they are less vulnerable to excessive horizontal load-
ing and scouring, provided. that the embedment lengths of the piles are safely chosen.

H Criteria Steel Piles Conerete Piles
No. In-situ cast Pre-cast
Pre-stressed
1. Hydraulic Loads
1.1 | Vulncrable o unexpected hydraulic loads No Nu | No
12| Vulnerable to unexpecied scouring Nu Yis L Yes
2. Production with Local Materials and Skill
2.1 | Suitable for Bangladesh confractors Yes s Yis
2.2 | Availability of material in Bungladesh Reproducible Available Aviilable
2.3 | Suitable forstrategie mutenal steck:pifing ; Yes .
Yes . B
| { hitsic Trateriuls)
24 | Spectalised skills Pile fubncution,
weldimng and Jurge No Pile: fabrnication,
dia. pile installation
3. Construction Constraints
30| tnstullaton v the flood plain Limited by possible . Limited by Pussi-
E Yes: ble totul driving
tatul daving: depth -
depth
32 |I'Ibl<'l”i|il(?|.l into the over under moderiie o o Yis
flow conditions
3.4 | Site mobtlisution time Dependson avail- Depends an avinl-
(the period reguired atler award t physi- ability of pilmg Short ability of piling
| cully stan theconstruction) equipment cquipment
34 I Instadlibtion time for single pile Shurt Muoderate Shon
4. Adaptability, Mai and Repair
g A‘.Iupl_mhi'ln_\-' I .\puuni(.‘ local conditions Eiisy Nuot possible, piles Very complicated
(g8 for Tepair o 10 suil river respanse ) st bie replived 5
5, Socio-Economic Aspects
s | Jub opperunitics and participation of logl L Mol B
| populution during construction

Table 2.4-1 : Multi-criteria analysis of groyne piles applicable for standard erosion

protection measures (for structure categories SC2 and SC3)

Considering the quick implementation between two monsoon seasons, the construction win-
dow and other construction constraints are additional and very important criteria for the selee-
tion of the preferred pile system. In this context. pre-cast piles have the advantage, that they
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can be installed in the water even under moderate flow conditions, whereas in-situ concrete
piles can only be built in the dry (on the flood plain), unless very specific floating equipment
would be mobilised from abroad. Installation time for a single pile is much shorter for pre-
cast piles than for in-situ piles. On the other hand, in-situ bored piles can be installed with
conventional equipment, which is sufficiently available, so that several piles can be built at
once, thus reducing the overall construction time.

242 Impermeable Groyne Sections

For the impermenble part of the grovnes heavily protected earthdams. sheet pile cofferdams or
concrete spurs may be utilized alternatively. Concrete block gravity structures are not feasible
under the prevailing subsoil-conditions. Vertical structures constructed of sheet piles require a
considerable embedment length. which in general does not allow for economic measures,
while carth dams are more vulnerable to high flow velocities due to possible failure of the toe
and slope protection. Significant criteria on the applicability of different structural measures
are compiled in Table 2.4-2 and discussed in the following,

S. Criteria Earth Coflferdams Concrete
No. Dams Steel sheet CC sheet Spurs
piles piles
1. Hydraulic Loads
L1 | Creation of smoath transition between im- e
pemmeable and permeable scetion of the Good Limited Limited 2 Jhﬂm g
groyne &
1.2 | Favourable to unexpected hvdrantic loads Limited Yes Yes Yes
13 | Favourble to unexpected scouring No Limited "' Limited 7 Limited V'
2. Production with Local Materials and Skill " =
2.1 | Availability of material in Banglhdesh Available Availahle Availuble Availahle
212 | Suitable for Bangludesh contractars Yes Yes Yes Yes
2.3 | Suitable for stratépic material stock-piling Yei o' Yes Yes™ Limited
24 | Speciahised skills No Sheet pile installation No
3. Construction Constraints -
30| Construction on the flood plain Yes Yes Yes Yes
12 ¥ g 1 i o TV 4 .
32 (_umtruch_oln into the river under moderate No Limitéd Liiniied No
flow conditions
3.3 | Site mohilization tme Short Short Short Short
34 | Construction fime Moderate Mauderate Muoderate Maderate
4. Adaptability, Maintenance and Repair
. i i tocal condilions fe.g. = ;
e Ad.aplal’frlll_\-' o SpL‘tl.ﬁC et St Easy Complicated | Complicated | Complicated
for repair or 10 suil fiver response)
5. Socio-Economic Aspects
S0 | Job L1]'.1p.tli1'|.mll.lCS and [.Nlﬁll:.lpallm of Jocal Hish Good Good Giood
populition during constriction
Notes:
1) depending on the embedded length of the sheet piles / concrete structure
2) it is assumed, thint the relatively Small quantitics of earth required for the construction sre taken

from Borrow pits nearby dnd must therefore not be stockpiled

Table 2.4-2 : Multi-criteria analysis of impermeable groyne sections for standard
erosion protection structures (structure categories SC2 and SC3)
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Generally, impermeable groyne sections should be considered for structure category SC4 only
and must undergo special design considerations. Impermeable groynes can be employed also
under higher hydraulic loads, provided that they are protected against scouring by a suitably
dimensioned bed and toe protection. Construction on the flood plain is preferred for any type
of impermeable groyne, however, cofferdams can be built also in shallow water under moder-
ate flow conditions. With regard to combined groynes, earth dams allow for a more gentle
transition between impermeable and permeable sections of a groyne, limiting unfavourable
flow conditions and the scour depth in this critical area.

Except steel sheet piles, all essential materials and production plants for the considered con-
struction elements are available in Bangladesh. The concrete spurs ar¢ cast in-situ and, thus,
only basic materials like cement, aggregates or reinforcement steel and formwork can be
stockpiled.

Participation of local population in construction is best for earthdams; for carrying out most
garthworks and casting and placing of conerete blocks for slope and toe protection by un-
skilled labour.

2.4.3 Revetments and Bed Protections

The general properties and performance of the tested materials for bank protection works are
compiled in Table 2.4-3, Except some specific geo-textile fabrics (articulating and collapsing
mattresses), all materials are available in Bangladesh or could be produced within the country.
Further aspects focussing at the applicability of the protective systems with regard to hydrau-
lic loads and other criteria are summarised in Table 2.4-4. Some additional information

Revetments must provide a sufficient permeability to avoid uplift forces from groundwater
pressure. A high permeability of the revetment is also favourable from the environmental
point of view, as it avoids a separation of the terrestrial and aquatic biospheres. For that rea-
son cover layers with a continuous geo-textile fabric were ranked with a low environmental
suitability, as they scparate the subsoil from the aquatie zone. In addition 4 high flexibility of
protection systems (filter and cover material) is of advantage with respect to potential settle-
ments of the soil and subsequent deformation of the structure as well as to impacts during
construction. Hand pitched ce-blocks are the recommended protection system for the slopes of
standard reverment structures above the water line. Concrete blocks are more durable than
bricks and less attractive to pilferage. If well dimensioned, they are able to suit any flow con-
dition, Sizes of 30-50 em have proven to be sufficient to withstand the hydraulic loads occur-
ring at the Jamuna river,
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S Structure Type Origin Flexi- Permea- | Mainte- Environmental Impact
No. hility bility | nance Wisial Ecalogical
Reguire-
ments
1. Rock / Boulders
L1 Rip-rap ; ; Low to Accepble | Acceptable
Bungladesh Righ High Medium o Giood tor Gioiod
[ Hand priched stone e ! " Acceplable Poor to
Rangladesh ey Liow Meditim tor Gioind Acceptable
1.3 | Cement grouted stine A . : Low to Poar 1o 5
Bangladesh Levw Low Mediam Acceptable Fowir
14 Bitumen grouted stone A Low 1o S Poor ti Popr to
Rangladesh i Medium ki Acceptuble Acteptable
1. Gab
21 Mattrosses Reproducible in i Low 1 )
{brick or storie fill) Bangladesh Hizh High Nttt Aceeptable Acceptahle
2.2 | Box Gabions Reproducible in : Low 1o Poor 1o
{stone/rock fill) Bunglidesh Medium High Medine. || Aiceonbla Acceptable
2.3 Giabion Sacks Reproducible in | Medium Low to -
(stone’rock fill) Bangladesh 10 High High Maiii Acceptabie Acceptable
3. Concrete (pre-cast units)
.0 | Ceslabs Bangladesh Medium Low Low Poor Poor
(site production )
13 =~ (rite ing slihs anglude .
e ‘f?;:ﬂf“:::cl Medium Ly Low Poor Poor
13 Hand pitched Bungladesh -
CC-blocks (site prodisction) Moedium Low Low Poor Poor
34 Dumped CC-blocks Bangladesh Hih Medium Low Poor o Poor 1o
{site production| # to High Acceplable Acceptuble
pr P!
4. Articulating Mattresses -
41 Gabion maltresses; o
steel wire linked Rt.p'rudumh]c o High High Medium | Acceptable | Acceptable
i Bungiadesh
(with stone fill)
42 | CC-blocks attached 1o [n-situ cust, _
geotextile filter mat, geotextile to he High Medim Medium Acceptable Proor
steel wire linked mmpaorted
43 | Tubular geotextile _ Poor &
fabric mattress; sand To beimported High Medium Medwm Poar ook
; = Acceptable
or bitumen-sand filled
44 | Collapsible pootextile Pabit
block mattress, siand To he imported High Mednm Medim Paoir SEL
flled Aceeptable
4.5 | Collapsible Concrete Low tiy
Block Mattress To be imported Low Low Médiiin Puor Poor
5. Sand Containers -
51| Geotextile-Sand bags | Reproducthle Low ta Low to "
(up 1o 250 kg) Hangladesh Medium Medium Medium Tour i
51 weotextilos O
o {&onmlc sand o Reproducible in : Low to Low 1o
funioe Bangladesh | MM | vrgim | Medium T Reor
{up o 900 kg) ghatles
6. Bio-Engincering =
6.1 Durba grass sods on : : i = .
Geo-Jute Soll Saver Bangladesh High High High Giaond Guood
6.2 | Vetiver plantation Bangladesh High High Medium Ciood [ Giogd

Table 2.4-3 : Multi-criteria analysis of materials for protective layers for standard erosion
protection measures (Loading Classes 2 and 3)
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Articulating mattresses are suitable as launching aprons for the toe protection of revetments.
They are preferably installed on the flood plain, but can also be installed in shallow water,
using purpose made installation frames. The mattresses must be anchored at the toe of the
upper revetment, Concrete block and gabion mattresses are a very effective protection sys-
tems. Box gabions consist of wire mesh boxes filled in-situ with bricks or natwral stones, but
¢can also be pre-filled and transported 1o the site, which, however, requires heavy and special-
ized equipment. Locally produced wire mesh gabions showed significant signs of COITOSION
and insufficient strength and integrity, It is recommended 1o use only wire mesh of high qual-
ity, preferably machine made with PVC-coating. In particular, when applied as launching
aprons the mattress systems must be highly durable and flexible to follow potential erosion of
the riverbed near the bankline and stabilise the developing under water slope. Gabion-
mattresses and concrete block mattresses can be produced to i large extent from local materi-
als.

well dimensioned rip-rap layers can be utilized for slope and bed protections even under high
flow attack. Installation under water is generally possible but requires special methods to suit
conditions similar to that of the Jamuna. For short bank reaches and for the repair of existing
revetments, hand pitched stones are suitable. In case of extreme hydraulic loads and slopes
steeper than 1V : 2H, grouting 1§ recommended to increase the stability.

Geotextile sand containers; which can be tailored locally, are simple to be installed and can be
used for toe protection. Due to their suitability for strategic stockpiling, they are ideal for ad-
hoe repair measures applicable for above and below water level installation.

For slopes with minor flow attack, natural protection by Durba grass or Vetiver may be the
favourable solution, Durba grass is preferably used for the land-sided slope of main embank-
fnents or for the upper area of river-sided slopes. Due to stronger rooting, Vetiver is a suitable
muterial for toe protections under low-flow conditions.

The requirements for maintenance and repair are i an acceplable range for all investigated
systems. Generally. all systems need regular inspections and fast action in case of observed
damages, to avoid progressive destruction. Slope protections by Durba grass sods (maimly
used at the inner slopes) arc particularly vulnerable to damages by human intervention or
animals and need therefore more intensive observation and nursing during the first years.
However, repair is simple and can be done with local labour at low cost.
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S. | Structure Type Loading Class Bank Slope Main Applicability
Nao. I 2 = | 4| =120] =12 Near
ViH | ViH | Vertical
+ = Recommended - = Nuit recommenided
1. Rip-rap
1l Rip-rap bunk and bed protecnion
vl it 4 = + = E mstallation above and
below water fevel
1.3 Hund pitched stone short bank reaches
repair of existing re-
4 + 3 - + ¥ - vetments
Irstallition shuve water
level
I3 Cement grouted stone wreas of attack by
Stﬂ]llg currents
+ + 3 + =) + - . >
installation shove water
level
1.4 Bitumen grouted arcus of attack by
stane strong currents
3 iy 4 ¥ + + - i
installution above water
level
2. Gabions
2 Mattresses hank protection of large
(brick or stone fill) arcas
+ 1+ + | # + - - : .
installution above water
level
22 Box Gabions retnining wall for bank
(stone'rock fill) profection
4+ |+ + + + + ] X
installation above watcr
level
23 Gabion Sacks toe protection
(stonc/rock fill) + | + + | # + - - instatlation above and
below water level
3, Concrete (pre-cast units) :
31 CC-slahs slope protection
+ + = - % + = stallation above water
level
32 | CC-Interlocking slabs slope pratection
+ + = * * + s installution uhove witer
level
33 Hand pitched slope protection
CCeblocks =l S ks L + installufion above witer
level
34 | Dumped CC-hlocks bed and bank protection
in case of strong current
= | mec| % ¢ ¥ = and wave attack
installation above and
helow water |evel

Table 2.4-4 : Applicability of materials for revetments and bed protections
(table continued next page)
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S, Structure Type Loading Class Bank Slupe Main Applicability
No. 1 2 3 4 | <12 | =h2 Near
Vil V:H Vertical
+ = Rew fed - = Nuotreu ded
4. Articulating Matiresses
4.1 CGiabton mattresses, o lubmching spron
steel wire ||n_|.|:;:_d. o slope protedtion
At stong
(with stone fill) + + § - L +* - ] comstruchon wbove wi-
ter Jevel (limited water
depths) '
42 CC-blocks anached 1o o launching apron
geotextile filter mat, e slope protection
dteel wire hinked
steel wire hnke = + 4| = * ¥ = e colstruction ubove wi-
ter level (cast m place)
43 Tubulur geotextile e Luumching dproan
1}1bru: maress; sand _ *  slope protection
tilled or bitwmen-sand | 1 ol (iad e # * = ) "
z . st laticn above water
filled il
level
4.4 Collupsible sand lled = luunchiog apron
geotektile mattress o o .- - . . s slope protection
o instillation aboyve witer
level '
45 | Collupsible concrete = launching apron
lilled geotextile mat- o slope protection
ress * + *| = ¥ + - i
o amstallation dbove water
| | level
S Sand Containers
S0 | Geotestile=Sand bugs | [ o fulling apron and o
(up 1o 250 kg rotection
lup I i3 ” . . ~ 4 L 3 profed
= nstullation above and
below witter level
532 Geotextile-Sund e Lulhing apron und toe
contimers i % i ” i . protection
(up o 900 k) o installation sbove und
bielow water level
6. Bio-Engineering
6.1 Durbu grass sods s uppir reiches of banks
above mean water level
s prefierably on land-side
+ - = - + % = = onriver-side prone to
WHVE LTSN
o installution above waler
Tevel
62 Yetver pluitativn ®  toc protechion o upper
renches of banks
+ B - - . - -
o mstullanon above waler
level
Nute! 1) Articuluting mattress systems cun generally be installed eluw water lével, but require special Nuoating

cquipment thut is presently novayalable i Bangladesh, With the prevalent low conditions construction uf
under-water slupe protections shiould be avorded for erosion proteciion striciures,

Table 2.4-4: (continued): Applicability of materials for reverments and bed protections
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3 GENERAL PLANNING AND IMPLEMENTATION ASPECTS

i1 APPROACH

The conventional planning procedure for the construetion of protective structures as given in
Fig, 3.1-1 is starting from the evaluation of the existing hydraulic and morphological situation
and the expected future development (input design parameters), followed by the evaluation of
potential optimal solutions (conceptual design), aspects related to the actual construction and
the operation as well as the maintenance scheme of the structure.
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Fig. 3.1-1: Key aspeets of the conventional planning track for river bank protection measures
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Normally, the design of erosion protection structures require decent imvestigations for each
speeifie location (“ease studies™), evaluating different structural solutions (“conceptual de-
sign”) and the interference between structures and impact forces (“optimisation™). For that
reason, theoretical investigations as well as physical and numerical modelling is used to sub-
stantiate structural options, with regard to functional and safety aspects.

Considering the harsh environment at the major rivers in Bangladesh regarding the mobility
of the river bed (which can be observed in particular at the Jamuna river) and the extreme
variations in discharge as well as the fact, that a comprehensive investigation of the existing
morphological and hydraulic boundary conditions is generally a very time CONSUMINE process,
the successfil implementation of individual projected countermeasures against bank erosion
is put at risk.

In this regard, the experience during the implementation of the FAP21 pilot structures re-
vealed two major constraints:

« the extent of preparatory studies, which was strongly related to the research character of
the project, but, in view of extreme erosion rates and the restmeted construction window,
time consuming preparatory studies will remain a decisive problem in the planning proc-
ess of future projects

o delays in the structure implementation, which were hampering the working progress,
which were mainly related to land acquisition, to inadequate construction techniques and
to delays regarding the supply of construction materials

These constraints led to the attempt to improve certain steps of the planning process of bank

protection structures to allow for a rapid and safe planning frame work and a fast construction
of the respective measures against bank erosion in future.

The key issues, which are covered by a new strategic approach, the Strategic Master Plan
(SMP), can be summarized as follows:

o Introduction of Standardized Protection Structures (SPS)

» Optimization of the preparatory planning (from case studies to methodical investigations)
e Strategy for ldentification of Priority Protection Sites™ (SIPPS)

These aspects are discussed in the following Sections.

32  APPLICATION OF STANDARDIZED PROTECTION STRUCTURES

The introduction of Standardized Protection Structures (SPS) 1s one of the focal issues of the
SMP, because it provides the basis for an economic and safe design, when serving a pre-
defined range of boundary conditions (structure categories SC, see Chapter 2). Furthermore
SPS are advantageous in terms of:

e simplified and accelerated planning process
o use of standardized components (material quality and availability)
e fust construction (availability of equipment/ experience with construction technigues)

32 BECEMBER 2i/1



3 - GENERAL PLANNING AND IMPLEMENTATION ASPECTS

D

The utilization of standardized structures offers significant advantages when compared to
individually planned measures against bank erosion, because the normally required assess-
ment of different conceptual design solutions is restricted to relatively small modifications/
adaprations to take into account specific boundary conditions at a potential site location, The
accelerated planning process is very important, espeeially after confirmation of the proposed
project by the decision makers, because the time period between (positive) decision and ini-
plementation of 4 project is considered to be rather short (i.c. approx. 5 months during dry
season),

In addition, standardized structural elements, materials and construction equipment can be
produced or procured sufficiently before construction start (delays in material supply might
considerably affect the construction schedule and thus put the uncompleted structure at risk).
Nevertheless, the availability of actual dimensions and guantities of material needed has
therefore to be confirmed during the planning process.

The frequent application of standardized structural solutions against bank erosion will further
increase the respective experience and know-how, provided that the structure behaviour and
flow conditions are monitored and evaluated sufficiently after project completion,

Due to the high mobility of braiding and anabranching rivers, the conventional approach
would have to include the superposition of the most unfavourable conditions. which would
lead to an over-designed structure with consequent excessively high investment costs (uneco-
nomic design, see Table 3.2-1), Experience from other structural measures shows that even a
massive structure might be inadequate to accommodate unexpected extraordinary loading, or
if the chosen position or the alignment is sub-optimal.

Fictitious structure life time (monsoon seasons) Design |
1-10 11-20 21-30
M M (M [ f M Uneconomic
| M M| M} 1 Ml | M M Atceptable
RUREUREENEEDEEDEEDNENE D EED Optimal
| M . ! M | ] M i |M M Adaptable
Actial lpmds « design fnnds EE; Actual Ioads = design kads ' ctunl kends > design loads M: s repalr A ad: i

Table 3.2-1: Time and durability relationship over a fictitious structure life (schematic)

Standard Protection Structures (SPS) are designed at a lower safety level as compared to the
so-called *hard point™ structures. To avoid uneconomical over-designing against maximum
conceivable hydraulic loads, the expected hydraulic conditions of the forthcoming flood sea-
sons at an identified location are used as design basis. Taking into account the difficulties in
predicting the morphology of e.g. the Jamuna river, particularly over larger time periods, the
assumptions regarding the actual operating time of a structure as well as the prevailing river
channel and flow properties and the structure-flow interference within the structure life time
are rather vague during the design process.

Therefore, an economically more viable approach is recommended, which allows for a sub-
stantial reduction of the initial investment, but may require slightly higher maintenance costs,

DECEMRBER 204 3-3



9

STANDARDIZED BANK PROTECTION STRUCTURES

and in some cases an adaptation of the original layout. Also an economic design approach will
certainly include some monsoon periods, where smaller hydraulic loads oceur as compared to
the design values. On the other hand, in some periods extraordinary situations may occur,
affecting the integrity of individual structure components, but not the intended function in
terms of bank protection (acceptable design). If the ratio of structure service life (for which
the actual hydraulic loads are in the range of the design loads, green shading in Table 3.2-1)
versus structure lifetime approaches unity, the theoretical optimal design in economic terms
is achieved. However, a certain probability of unexpectedly high loads (versus the initial de-
sign assumptions) within the structure service life can be tolerated. Therefore, structures that
can be adapted and reinforced without difficulties after completion are to be favoured and are
economically most feasible.

3.3  PLANNING STRATEGY

The socio-cconomic importance of a loeation and the expected erosion impact (defining the
potential “risk™ at a specific location) is affecting the applied design parameters and safety
margins, Furthermore, dependent on the priority of an area as well as on the existing/ ex-
pected morphodynamic and hydraulic boundary conditions, different planning intensities are
required, which can be roughly determined by the respective Structure Category, as shown in
Fig. 3.3-1.

Certain locations with minor Mow attack or of minor importance (SC 1) should be subjected
to further observation and, if necessary. limited action should be based on traditional meas-
ures, which do not invelve intensive preparatory planning efforts. The utilization of standard-
ized structures is restricted 1o moderate or high flow/ erosion attack (SC 2/3). The detailed
planning and design procedure of SPS as well as aspects related 10 inspection and mainte-
nance and other information s given in Chapters 4 to 9 of this handbook. With regard to SPS,
detailed planning and design stands for pre-worked design sheets; which allow for a very
short duration from start of the design process towards the completed tender documents.

Definitely, also for SPS, a detailed design process would allow for further refinement of the
proposed solutions. The use of physical and numerical models can contribute considerably to
the understanding of the physical processes involved and help to improve the prediction of
effects of structural measures. For acceptable quality of model results, calibration, i.¢. the
comparison between measured/caleulated model results and field measurements for identical
test conditions is required. The deviations between model and field can be used for adjusting
model coefficients or model boundary conditions. It is recommended to also verify the ad-
justed model with field data, which have not been used for the calibration, to get confidence
in the generality of the model.

Physical models are normally capable of giving qualitatively good simulations of the proto-
type conditions. Physical models are advantageous if hydraulic parameters should be ob-
tained, An important aspect in the interpretation of results is formed by the inherent errors due
to scale and laboratory effects. The translation from qualitative to quantitative results requires
interpretation of an experienced model expert. Tests with a movable bed (morphological stud-
ies) are even more complex, because a proper scaling of all processes involved is not possible
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(distorted model). Nevertheless, it is a good tool which allows for systematic variation of sig-
nificant boundary conditions.

Numerical models can be used for the same objectives as physical models and require the
same calibration and verification efforts. The calibration has to be performed by a numerical
expert because the use of “tuning knobs” has to be done in view of the respective physical
processes involved. For studying the sensitivity of the different modelling components, a sys-
tematic variation of the involved coefficients is mandatory. Also numerical models are influ-
enced by the inherent errors due to numerical effects, which has to be considered during the
interpretation of the results. The interpretation of numerical results reflects the expertise of the
modeller. Numerical models are advantageous, if the hydraulic and morphologic performance
of different structure alternatives should be compared (differential analysis), but particularly
for rivers showing a very high mobility and large sediment loads, the existing models need
further calibration and refinement.

during the next 3-3 years

Y«

* subsoil properties
*  worst case scenarios (breaches etc.)

. ‘

_ Structure Category | Structure Category 2/3 ¢
* insignificant flow/ = moderate / high attack * extreme houndary
erosion attack * Standard Protection conditions
= traditional counter Structures {SPS) » special optimized &
mieasures o relatively low cost improved solutions
* low cost solutions = extra fundin
A
I | wplitied Design Process Comp  Process
* standard layout * extensive studies and
= standardized structural investigarions
elements = experts discussion
* quick detailed planning = physical/ numerical
process model fests
* quick implementation * feasihility study
= existing methods = fime consuming

implementation
L= _mnovative methods

Fig. 3.3-1: Decision on planning intensity for individual bank protection measures
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Due to the rather time consuming process, which might produce substantial delays m the im-
plementation of individual countermedsures, it is strongly recommended to further develop
and calibrate the existing models parallel to the implementation of future bank protection
measures. Particularly for the matter of physical models it seems to be advantageous o carry
out systematic tests (systematic variation of influencing parameters and boundary conditions)
instead of case studies, to obtain more general results, which must be verified by data gained
from the proposed comprehensive monitoring scheme (see also Chapter 7). This systematic
approach, which should be carried out parallel to the implementation of various bank erosion
protection measures, will contribute substuntially and more effective to the further refinement
of SPS, as compared to individual case studies.

Nevertheless. besides these systematic investigations, involving and combining all research
methods by thorough analysis, at certain general priority locations, where extreme flow attack
and/ or erosion is expected (SC 4), a comprehensive evaluation of possible morphological
developments and of an optimized structural layout is required. In contrary to the simplified
design process, detailed case studies involving national/ international experts (national expert
punel, task force) supported by physical and numerical modelling and extended site investiga-
tions are mandatory.

In Bangladesh, the River Research Institue (RRI) has facilities and experience in physical
modelling and also the Bangladesh University of Engineering and Technology (BUET) has
come research facilities at smaller scale. For numerical model applications, the Surface Water
Modelling Centre (SWMC) is a competent partner. The strong co-operation berween experts
regarding the evaluation of field data (monitoring) and for physical/ numerical modelling 15
obligatory to allow for reliable and accurate prediction methods.

34  STRATEGIC MASTER PLAN (SMP)

3.4.1 Key Objectives

A Strategic Master Plan (SMP) is mandatory to organize and co-ordinate the temporal and
spatial implementation process. Within this context the term implementation includes all rele-
vant procedures of planning, designing, constructing. monitoring and possibly of adapting a
bank erosion protection structure. Suitable interfaces should ensure co-ordination and integra-
tion with the National Water Management Plan. The implementation process has to be per-
formed in all directions taking into account new information from either direction as a basis
for the decision makers at national and regional planning level. The exchange of know-how
and information is a central aspect in an optimized planning process, to allow for weighing up
of different locations where bank protection is required and to co-ordinate immediate actions
in cases of unexpected severe attack on banks near facilities of importance.

The successful implementation of bankline protection measures requires an optimal planning

of the different preparatory and succeeding working steps as well as the co-ordination be-
rween different planning levels (authorities) involved.
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LA

3.4.2 Temporal and Spatial Frame of Project Implementation

The temporal and spatial implementation process of a bank protection structure is shown
schematically in Fig. 3.4-1. The planning units as well as the temporal sequence may be used
as a guideline. The period for the identification of general priority locations and other items is
rather hypothetically, because these are continual activities. The time frame given 1s a rough
estimate in relation to an individual project planning, Due to the high mobility of the major
rivers and the probability of occurrence of extreme hydraulic events, the process needs a con-
tinuous review and appropriate adaptation. Thus, a competent organization is a must and the
core of a comprehensive and flexible arrangement of any key actions to be taken within the
SMP.

Some aspects of the SMP are operating in an overlapping mode between individual parallel or
subsequent activities as shown in Fig. 3.4-1. For example, strategic stockpiling of construc-
tion material is not pre-arranged only for a very specific location and bank protection project,
but must be available prior to construction start or to any required emergency repair or main-
tenance measure. Hence, the strategic planning and maintaining of countrywide material
stockpiles will be an important and permanent task within the SMP. Moreover, it is a pre-
requisite for an effective SMP to provide sufficient financial resources for bank protection
measures, to avoid unaceeptable delays within the implementation process.

— Temporal Development (Activity phase) —-
- -
-60 month -30 month -12 month Cor.lsml“ Post ;
tion construction
I Bangla Identification of
| general priority
_ desh Tocats
3 Strategic
— T Y
= L stockpiling of
5 . Changes of the river =w
= | Region channel courses RiRT
) (approx. Bunk line recesgion / 5
= |10km to 50km) sauipment
=
=
g
= Sub-
Z | region
o
(== {approx,
-_ Skm) | ot
=2 Monitoring
= :
& | Structure
vicinit ;
| appru,\.y Maintenance
Tkm x Tkm) & Adaptation

Fig. 3.4-1: Temporal and spatial development within the implementation process (SMP)
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35 IDENTIFICATION OF PRIORITY SITES (SIPPS)

32.5.1 Data Collection and Monitoring

To allow for an efficient management and a selection of the most urgent bank protection
works, a “Strategy for Identification of Priority Protection Sites” (SIPPS) is crucial. Erosion
prevention is always associated with considerable capital investment. Protection measures in a
specific area are rational only, 1f a certain accumulation of population or assets is evident or if
larger scale strategies are followed. To allow for a risk assessment within the planning proc-
ess. it is therefore important to introduce the socio-cconomic characteristics of potentially
affected areas in the active flood plain of major rivers. This has got implications on the focus
of the monitoring scheme, which should be directed at certain vital arcas along the river
stretches,

A general strategy towards safe and cost effective measures against bank erosion at the major
rivers of Bangladesh requires a large-scale framework, covering the entire projected area,
Regional and sub-regional planning units, responsible for monitoring restricted smaller sec-
tions of a specific river will contribute a large part of the morphological and hydraulic data-
hase.

A comprehensive assessment of existing information and anticipated developments is the key
input at every level and stage of the implementation process. The data collection process and
the scope and extent of the individual project stages are summarized in Fig. 3.5-1. The data
collection and assessment programme includes different temporal and spatial components to
provide the essential information for the SMP. The general intention is to increase the moni-
toring intensity with decreasing spatial scale (comparc Fig. 3.5-1). The inputs from data col-
lection and monitoring form the basis for the evaluation and comparison of different locations
within the general priority classification (SIPPS).

3.5.2 Socio-economic Surveys

Priority locations in general terms are defined by a major individual asset (power plant, irriga-
tion pump station, etc.) or by an accumulated number of assets (e.g. a village serving as a
trade centre) located in the peripheries of a major river. These arcas can be identified by GIS-
mapping or by taditional/conventional methods combining topographical and socio-
cconomical information, which have to be updated frequently in a priority map.

An assessment of the socio-economic impacts of proposed works is required at an early stage
of the project including active participation of the concerned people. The socio-economic
surveys of the river peripheries (AFP and a certain margin) have to be updated frequently,
dependent on the area specific development regarding population density. economic viability,
cte. Supplementary information could possibly be retrieved from data sets established by the
Bangladesh Bureau of Statistics and other governmental authorities or non-government of-
ganisations (NGO). Relevant aspeets for the estimation of prevented damages and associated
developments as well as the 1mpacts due to the implementation of the protective structures
must be considered:
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* benefits due to prevention/ reduction of erosion damages (housing, infrastructure, agricul-
fure ete.)

* benefits due to prevention of productivity losses

* problems related to land acquisition needed for construction works

¢ resettlement of households, cte.

An example data sheet for a household questionnaire which ¢ould be used for S0CIo-economic
surveys can be found in Chapter 9. The results should be analysed and cross-checked. to allow
for reliable information.

3.5.3 Morphological Surveys and Hydraulic Analysis

The decision on the structure category is certainly also based on the expected morphological
and hydraulic impacts at a specific location, considering the respective importance. The mag-
nitude of “risk” is dependent on the area specific socio-economic prosperity and the related
probability of damage. To assess the probability of extreme bank erosion the major and most
frequent monttoring activities should be focussed (but not limited) to the pre-selected priornity
locations.

Generally the predicted bankline development and the design boundary conditions are sup-
ported by physical and numerical modelling. Due to the complex structure and extremely high
sediment transport rates of the major rivers of Bangladesh, model testing will contribute con-
siderably to the total planning time. Therefore, - following a mid-term strategy - the pre- and
post construction monitoring was promoted, to partly replace the actual modelling input. An
exception in this regard must be allowed for cases, where extreme loadin 2 conditions are ¢x-
pected or at specific locations of vast importance (SC4),

After identification of general priority locations (“arcas of accumulated assets™) based on
socio-economical surveys, morphological investigations covering a larger area of approx. 10 -
50 km, mostly upstream from the respective location, must follow to allow for predictions
regarding the risk of bank erosion during the subsequent vears. For this, a systematic record
and analysis of bank line changes should be carried out on basis satellite images (EGIS).

At this stage the possible course of major branches (for anabranching or braiding rivers) and

the identification of the main or decisive channel for the respective location must be deter-
mined.
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Fig. 3.5-1: Collection of project data within future bank protection programmes

DECEMBER 2in |




St

3 - GENERAL PLANNING AND IMPLEMENTATION ASPECTS

Besides using available satellite images, results from bathymetric and topographic surveys
must be taken into account for the prediction of likely developments in the succeeding years.
If no mathematical erosion prediction model is available, the expected changes of the bank-
line in the succeeding years should be estimated by graphical methods performed by an ex-
perienced river morphologist. The estimated channel developments should be covered in an-
nual reports including also a comparison between predicted and occurred morphological
changes,

The data shall be kept in a convenient format (which should be identical or generally compa-
rable for different districts, sec also Table 3.5-1) and a continuous, but at least yearly updating
shall be done.

All co-ordinates should refer to the Bangladesh Transverse Mercator (BTM., horizontal di-
tum) and the Public Works Department (PWD, vertical datum),

Village! Town/ Other: Thana: District:
Name of River:
Sl Discriftian Base-year | Year | Year | Year | Year | Yeir Re-
No 0 1 2 3 4 5 marks
I | Location co-ordmates of bankline
2 | Ervsion category after pre- Cat, |
diction model analysis Cat. 2
Cat. 3
3 | Co-ordinates of bunkline 9N
with erusion probahility 0%
exceeding 10%
4| Likely affected installations | Farmland
Homesteads
Roads/
Embankments
Other installa-
tions
< | Ground-thrathed Bankline using topographic
© | and bathymetric survey

Category | Heavy erosfon with vearly erosion rates over [0 m
Category 2 Moderate eroston with vearly erosion mites ranging between S0 and 100 m
Category 3. Low erosion with vearly emsion rates less than 50 m

Table 3.5-1: Datasheet for evaluation of erosion areas (example)

If bank crosion is expected in about the next 3-5 years, a frequent monitoring of the bankline,
including bathymetric cross-sections of the decisive channels is mandatory, To get basic de-
sign data, also the prevalent flow velocities should be recorded. providing horizontal and ver-
tical velocity profiles. If possible, velocity measurements should be done during monsoon
season (bankfull discharge), otherwise extrapolation is needed, to estimate the design condi-
tions, Furthermore, scour pattern should be assed, in particular if a channel bend is propagat-
ing towards a general priority location.

These inputs should allow for a decision on the required structure category and - in case of
SC2/3 - for the most advantageous structure type (groyne field or revetment). On this basis
also aspects regarding the structure length, the optimal alignment and the required land for
structure implementation can be derived.
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The data from post-construction monitoring and inspection are fundamental for the mainte-
nance and repair scheme. Moreover, additional information on the structure flow interaction
will contribute to a sound knowledge of the processes involved and to improved design meth-
ods in the future,

3.6  DECISION PROCESS

3.6.1 Multi-Criteria-Analysis (MCA)

In the definition stage (Phase 1, Fig. 3.6-1), structural options should be studied. Decisions on
the structure type (i.e. revetment or groyne ficld) and the standardized structural components
can be obtained under consideration of the pros and cons regarding the site-specific boundary
conditions as described in Chapter 2.

General priority site
dungered by bank erosion

Strugture Category |

Extreme situation
Exceptional erosion
andl scouring

Minur action
Negligible erosion
expecied

Phase 1
{pre-desiend

> Multicriteria analysis and
3 priutity ranking of importint
l— projects (BD wide)
e e e B
b4

Special design
Dietuibed mvestipation,
Irmrredime iction,

expert jidgment, e

{realrzation )

| ion! Miintenance _l

Fig, 3.6-1: Multi-critcria assessment during the planning process of
individual bank protection measures
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Simultaneously with the conceptual definition of a structural solution for an identified loca-
tion, the channel properties and hydraulic conditions have to be further monitored to enhance
the prediction of the likely development of the riverbank within the subsequent vears. The
proposal on the preferred structure type including the cxpected capital costs and assessed
benefits is used as input for the MCA.

The weighing scheme of different criteria related to socio-economic, political, environmental
and technical aspects should be defined by an expert group, which is also needed for the
preparation of the decision base as well as consultancy to the decision makers, Generally, the
Multi-Criteria Analysis is a repetitive process over time and must be carried out on the basis
of continuously updated data sets to achieve a substantial reliability in the priority ranking.

The MCA should cover all potential projects from SC2 to SC4, Dependent on the structure
category the detailed structural design may require additional data and confirma-
tion/correction of the anticipated morphological development in the identified area. However,
despite of all precautions and prediction tools it must always be considered that the dynamic
behaviour of the major rivers of Bangladesh occasionally demands drastic changes of sched-
uled implementation plans.

After confirmation of the proposed structure by the superior Water Board Authoritics subse-
quent to the MCA, the further planning and preparation for the structure implementation has
to be initiated. The individual planning processes and the related working steps during the
project realization, as summarized in Fig. 3.6-1, are presented in detail in Chapters 4 to 9 of
the Guidelines and Manual.

3.6.2 Ranking of Projects

Because of the restricted available funds and the large number of active rivers in Bangladesh,
a ranking of the different potential site locations for implementation of erosion counter meas-
ures i5 essential to allow for a sustainable use of the financial resources. It is apparent, that a
weighing between different potential projects requires a planning stage up to the conceptual
design level. The essential basic information must be provided primarily by the regional/sub-
regional Water Board Authorities, which should also become responsible for the preliminary
concept of the envisaged structures. However, due to the specific character of the SIPPS, the
key decisions should be taken during the MCA at a superior level of the Water Board
Authorities, also with regard to the available respectively required funds. The general steps
and the required information to arrive at a priority ranking for the most urgent measures is
schematized in Fig. 3.6-2.
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Fig. 3.6-2: Multi-criteria approach and priority ranking of proposed individual
bank protection projects

3.6.3
Engincering efforts (planning, construction) are always associated with considerable capital
investment and, on the other hand, any investment is projected 1o achieve a certain financial
feturn. The outcome is based on a weighed analysis of both components within a feasibility
study. In case of protection measures the motivation is based on much wider considerations,

Financial/ Economical Viability Aspects
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in particular if human lives are threatened, or their basic living essentials are at risk. This will
increase the complexity of a feasibility study but should be also considered by the decision
makers.

Instead of the evaluation of possible returns against the capital investment, considering market
uncertainties and risks for profit-oriented activities, the evaluation of protective measures re-
quires the introduction of “prevented losses’. These are losses which would potentially oceur,
if a projected measure is not carried out (‘without case’). In addition to the risks and uncer-
taintics of the market, which are inherent in the prevented loss, the uncertainties in estimating
the probability of actual future damages are apparent.

The statistical analysis of oceurrence probability is usually described by theoretical frequency
distributions, resulting in a fictitious return period for certain event conditions endangering a
speeifie location. Uncertainties in prediction of natural hazards like earthquakes, floods, etc.
are mereasing with increasing fictitious return periods and also the precise time of occurrence
1s not known. In this context, it has to be kept in mind, that statistical analysis only allows a
restricted extrapolation to larger return periods (normally twice the time period considered in
the data records). The total maximum value of a certain boundary condition is not known, but
in general, natural processes tend to follow a saturation curve (asymptotic approach of a con-
stant value), i.e., looking at longer return periods, the extreme forcing boundary conditions are
relatively narrow banded. For example, maximum water levels in significant alluvial river are
mainly influenced by the precipitation in the vast catch area which levels out most extreme
events by combining the respective return periods of several zones in the overall catch area.
Moreover, if the bank full discharge is exceeded, the further increase in water level is limited.
Hence the difference between the maximum water level according to a return period of 50
years and 100 year is relatively small.

As aforementioned, the estimation of return periods requires a substantial data base for the
particular region or site location which is consisting of parameters describing the temporal
properties (frequency, duration) in relation to the intensity of a specific type of hazardous
event. This information is not available for natural phenomenon and physical processes, (i)
which oceur too infrequently (e.g. earthquakes in the Bangladesh region), (ii) which are sub-
jected to a large number of influencing parameters or which has a strong spatial dependency
(local effects). Therefore, the definition of a return period in terms of bankline erosion for
high mobility rivers is not possible, because the existence and the properties of major influen-
tial channels as well as their further development and interference at a distinet location cannot
be based on a sufficient data set. For the future it is expected that, due to intensive monitoring
and improved modelling techniques, reliable prediction methods are available which will also
contribute to the assessment of potential prevented losses over the structure life time.

However, especially when considering bank crosion measures, the main focus should be
pointed on comparability of different projects. using the same rules and basic assumptions for
the estimation of the future development, for which different pre-defined scenarios should be
used, A simplified approach would be the evaluation and extrapolation of measured erosion
rates over the past years prior to the intended project realization, For the matter of compara-
bility, the annual fictitious eroded area can be calculated by the annual erosion rate and the
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protected length of the bank line. From both, the upstream and downstream terminations a 43°
line could be assumed to take into account the indirect positive effect of the structure (Fig.
3.6-3).

Bank line at time
~ of construction

g @ Bank Protection
@ e =R Structure
-
® N
/ Accumulated s

A,=be+2n-1) ¢’ \
annual land loss

Fig. 3.6-3: Simplificd approach to account for prevented losses in the feasibility study

(scheme)

Combined with the existing socio-economic indicators (population, infrastructure, buildings,
cte.) the fictitious prevented annual losses and the recurrent accumulating losses (land use,
cropping pattern, productivity, ete.) over the projected structure life can be assessed.

On the cost side. all capital investment required for implementation of bank protection meas-
ures (e.g. land acquisition, compensation, construction material, consulting) as well as esti-
mated recurrent costs for future maintenance and repair works have to be considered.

Remaining uncertaintics regarding the estimation of costs and benefits should be assessed in a
sensitivity analysis, in which the most significant but only roughly predictable input parame-
ters are varied over a reascnable range.

To allow for a comparison between different feasibility studies (various potential bank protee-
tion projects), the cost.-benefit-analysis must follow defined standards, which should be iden-
tified in collaboration between river engineers and economists. Assistance in this context can
be found in publications of the European Communities (1997). the Asian Development Bank
(1997) and the FPCO Guidelines (1992),
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3.7  PROJECT REALIZATION

3.7.1 General Implementation Schedule

Once all pre-investigations are completed and a site has been identified through'a MCA (refer
to Fig. 3.6-1) as a Priority Project, the Project Planning Schedule (PPS) would outline the
individual tasks and milestones to be accomplished and the total time required for implement-
ing a specific project. The PPS shall be the guideline for the implementing authority to comi-
ply with the administrative and legal matters on time and to monitor the work progress of
their consultants (if any) and the contractor(s) to ensure that the project will be implemented
within the desired period of time.

Dependent on the nature and magnitude of a project, individual tasks may be of different im-
portance along the critical path of the project. Among others the following subjects are of
relevance for drawing up the PPS;

* time to secure project financing

* the construction window; which is pre-determined by the river's hydrograph:

* type of structure, i.e. “Standardized Structure (SC 2 or SC 3)” or “Special Design (SC 4)";

e time for preliminary and detailed design;

¢ tendering procedure through “Local Competitive Bidding™ (LCB) or “International Com-
petitive Bidding” (ICB);

e time for procurement of matenals and equipment, and

* land acquisition.

Any PPS has to start from the assumption that construction works must start as early as possi-
ble after a monsoon season to maximise the construction window. Legal and financing issues
as well as all design, pre-qualification of contractors, tendering and contract award procedures
must. therefore, be completed before the end of the monsoon season.

A “Fast Track Method" can be employed for projects falling under eategory SC 2 and SC 3 to
take full advantage of the simplified planning processes. Thus, such project can be imple-
mented within much shorter time as compared to the full-scale implementation processes for
projects under category SC 4 (Fig. 3.7-1).
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Fig. 3.7-1: General planning and tendering process

3.7.2  Preliminary Designs

Irrespective of the Structure Category any preliminary design shall include basic considera-
tions of hydraulic and structural loads and stability calculations. The designs shall be pre-
sented on drawings suitably scaled 1o clearly demonstrate the planned measures. Quantity
surveys and order-of-magnitude cost estimates shall accompany each preliminary design. The
results of such preliminary design should be compiled and presented in a Preliminary Design
Report (PDR). If more than only one technical option may be feasible, the altematives should
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be compared in a matrix of criteria to be defined in consideration of the project specific re-
quirements. Such selection criteria may, among others, include the following criteria:

e applicability of Standardized Designs;

* anticipated river response;

* requirement of supplementary measures in the years after construction:
* material availability from Strategic Stocks:

* advance procurement of materials;

e import of materials:

® suitability for local construction capacitics:

= tendering requirements (LCB/ICB);

* investment cost;

* anticipated maintenance cost during first three years after construction:
¢ anticipated cost for supplementary measures in the years after construction:
* acceptance by local population:

* land acquisition area, cost of land and compensation, and

e overall implementation time,

The PDR shall conclude with a recommendation for the most feasible design solution for the
respective project. These inputs may be introduced to the MCA (refer to Fig. 3.7-1) cnabling
the implementing authority to decide and to 2o (or not to go) ahead with the project.

3.7.3 Tender Design

The basis of the Tender Design shall be the approved PDR. In case of considerable time gap
between completion of the PDR and the preparation of the Tender Design, e.g. one complete
monsoon season or even more, the basic planning and design parameters have to be verified
and, if required, to be adapted well in consideration of the most recent morphological and
otherwise related changes at the selected project site.

The Tender Design for SC 4 type projects shall be based on the detailed pre-investigations, as
well as on structural and stability computations for the main elements of the structural meas-
ures. Contrary to this, a Tender Design fora SC 2 and SC 3 type project may be based on the
standardized structure clements recommended in the Manual. The tender design drawings
shall depict the structures and all essential details so that any bidder can clearly identify the
appropriate construction methods, the material requirements, the constraints and risk involved
with the work execution and subsequent maintenance.

The tender design drawings will become an integral part of the Tender Documenits referred to
under Section 3.7.4. The design assumptions as well as material and executional requirements
shall be compiled and included in the Technical Specifications of the Tender Documents for
the information of the bidders and the contractor respectively.

DECEMBER 2001 3-19



G

v
STANDARDIZED BANK PROTECTION STRUCTURES

3.7.4 Tender Procedures
3.7.4.1 Introduction

Dependent on the magnitude of the respective project, whether by value or demanded con-
struction capability and experience, or due to financing from local budget or international
funding, a project may be required tw follow LCB (Seetion 3.7.4.2) or ICB (Section 3.7.4.3)
procedures. The implementing authority has 1o decide an the desired type of the bidding pro-
cedure.

Usually Tender Documents for SC 2 and 5C 3 projects may be based on a Tender Design
prepared by the implementing authority, but tender designs for more complex and full-scale
projects falling under category SC 4 may be prepared with the assistance of or by a qualified
consulting engineering firm on behalf of the Employer.

In recent time, however, employers tend to delegate the design responsibility o the contractor
carrying out the construction works under Design-Build or Engineering - Procurement — Con-
struct (EPC) procedures. Though this is more popular for major civil engineering structures,
such as bridges. quay walls, building structures, ete., it may not be ruled out for the SC 4 type
of projects discussed in these Guidelines. For Design-Build or EPC procedures the imple-
menting authority would provide only a conceptual design along with the basic assumptions
that the respective structure must meet after completion (the Employer’s Requirements).
Within these Guidelines. however, it is being assumed that the implementing authority will
provide the design to the respective contractor. Reference to other methods is only provided to
acquaint the reader with recent developments.

3,7.42 LCB - Tender Documents

For SC 2 and SC 3 projects the tendering should follow Local Competitive Bidding (LCB), as
per standard procedure of the BWDB for large projects (LCB-2 for construction volume > 23
lakh).

This document covers all conditions of LCB contracts both far GoB and Donor financed pro-
jects/works. Provisions as per ERD guidelines for procurement and relevant conditions of the
funding partner(s) are also included in the document. It usually comprises:

o General Conditions of Contract;
e Special Conditions of Contract:
o Technical Specifications, and

s Tender Drawings.

For larger projects, i.e. those falling under category SC 4, it may be appropriate to enhance
the presently applied procedures by application of the elements for ICB, with a view to attract
foreign firms to participate in the bidding for such projects.

The Technical Specifications for any construction work under LCB should be based on the

latest edition of BWDB standard document “Technical Specifications for Civil Waorks™, This
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standard document may be supplemented to also cover more recent methods of erosion pro-
tection, such as articulating mattresses, geo-synthetic mattress systems, etc.

3743 ICB - Tender Documents

Tender Documents for International Competitive Bidding (ICB) may be based on conditions
and regulations acceptable to the international community of employers, financing agencies,
consultants and contractors. The tendering procedures issued by the International Federation
of Consulting Engineers (FIDIC'} have gained widespread acceptance and are suggested for
application also for ICB procedures in Bangladesh. In case of foreign funded projects some
particular conditions of the doner agency may have to be considered.

Basically ICB tender documents shall comprise the following elements and it is suggested to
maintain the arrangement of volumes, which has proven its practicality:

Volume I Form of Tender and Bid Sccurity
Instructions to Tenderers
Sample Form of Agreement
Sample Forms of Bank Guarantees
Bill of Quantities
Schedules

Volume 1T General Conditions of Contract
Conditions of Particular Application

Volume I1I Technical Specifications

Volume IV Tender Drawings

Volume 1 is intended to include all those schedules, lists and forms that are to be completed
and signed by the tenderer. For this purpose the Tender Documents issued by the Employer
may include one set of Volume | unbound, enabling the bidders to complete the pages as re-
quired, to reproduce the number of copies to be submitted and to compile and bind Volume |
for bid submission. The bills of quantities may be provided to the tenderers in digital spread-
sheet format, enabling them to insert the unit rates and to generate the amounts and totals of
the bills and to print out the completed bills. In this case, however, the entire document of the
bills should be password protected; except the spaces where rates are to be inserted.

The Instructions to Tenderers are to stipulate clearly the requirements to be complied with by
the tenderers in preparing the bid. This includes information about bidder's eligibility criteria
to be fulfilled, compulsory pre-bid meeting, the format in which the tender is to be submitted
and the number of copies to be provided, the date, time and place where the tender is to be
submitted (the due date), regulations for handling bids received after the due date, information
on the bid evaluation and contract award procedures, étc.

For major projects, i.e. those falling under category SC 4, it should be made compulsory for
tenderers to participate in a pre-bid meeting. The implementing authority (the Employer) may

' Fédération Internationale des Ingénicurs-Conseils, Lausanne/Switzerland
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arrange such meeting with the assistance of the consulting engineering firm (the Engineer)
hired by the Employer for the design and tendering of such project. The pre-bid meeting
should preferably include a joint site visit with an explanation of the aim, featres and merits
of the project, followed by a question and answer session. Only where the project site is ex-
tremely remote, the pre-bid meeting may be held at the Employer’s premises, but cach bidder
would be required to visit the site at his own arrangement and expense,

The Instructions 1o Tenderers shall also include specific sample forms for the tender submis-
sion, bid security (bid bond), the agreement with forms for performance bond, advance pay-
ment guarantee, ete., 10 ensure complete information to the bidders on all administrative, legal
and technical requirements,

The Bill of Quantities shall comprise a preamble, the summary sheet, the individual bills.
daywork schedules and schedules specifying submittals to be provided by the bidder. The
preamble shall clearly specify the requirements for bidding the rates and prices and for com-
pleting the bills. Among others it must be well defined which cost compenents are to be in-
cluded in site installation cost (namely only site and equipment mobilisation cost) and which
ones in the work items (namely, among others, the running cost of equipment), ete. If clear
conditions are not set out for pricing, the analysis and comparison of unit rates and prices in
the process of bid evaluation will become speculative, if not impossible.

The quantities shown in the bills shall be based on reasonable estimates; hereby the final
measurement of the volume of the completed works may be used for settlement of accounts.
Lump sum items should only be used. if the respective item or work can be described clearly
without any hidden aspeets.

The Daywork Schedules shall include a standard set of man-hours of different skills, various
construction materials as well as construction equipment, all appropriate to the project in
question. The total of the daywork schedules should become a part of the total of bills, 1.c.
they will become an element of the tender price. Thus, daywork rates are offered under com-
petitive conditions and it can be avoided that inappropriately high daywork rates would lead
to unbalanced cost for any unforeseen work item.

The Schedules of Supplementary Information to be attached to the Bill of Quantities shall
specify the additional information to be provided by the bidder along with the bid. The bid-
der's failure to comply with this requirement would lead to disregarding the tender. These
schedules should. among other things, refer to the follawing:
o proposed head office management and site organisation;

e list of leading personnel, including brief CVs;

o information about intended suppliers and sub-contractors;

o detailed work method statements for selected construction works;
o description of construction stages;

e basic design of major temporary work items;

e construction time schedule;

o material procurement schedule;
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equipment deployment schedule, and
quality assurance programme.

Volume Il comprises the administrative-legal part of the Tender Documents and may be
drafted for one of the two conditions

Al

The implementing agency (the Employer) provides the Tender Design as well as the De-
tailed Design to the Conrractor, and the Employer (or the Engineer hired by the Em-
ployer) will be responsible for the adequacy of the design. Tn this case the Contractor will
be responsible only to prepare the shop drawings, to design any temporary work and for
the supply and construction, including rectification of exceutional deficiencies during the
Defects Liability Period agreed for the works,

or

The implementing agency (the Employer) provides only a coneeptual desi gn and specific
parameters and requirements (the Employer's Requirements), but the Contractor has to
carry out the detailed design, supply, construction as well as maintenance during the De-
fects Liability Period under his sole responsibility.

Dependent on the intent of the implementing agency, the General Conditions of Contract and
supplementing Conditions of Particular Application may be selected from

A.

Conditions of Contract for Construction

(for building and engineering works designed by the Employer)
First Edition 1999 (Red Book)

ISBN 2-88432-022-9

© Copyright FIDIC 1999

or

Conditions of Contract for Plant and Design-Build

(for electrical and mechanical plant, and for building and engineering works, designed
by the Contractor)

First Edition (1999) (Orange Book)

ISBN 2-88432-023-7

© Copyright FIDIC 1999

Alternatively.

Conditions of Contract for EPC Turnkey Projects
First Edition (1999)

ISBN 2-88432-021-0

© Copyright FIDIC 1999
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For construction works of medium size projects of category SC 4, or in special cases even for
projects with SC 2 or SC 3 type structures but which shall nevertheless be subject 1o ICB pro-
cedures, a short form of contract may be used (note that this procedure may not meel always
with donor’s with requirements). The standard document to be used has likewise been devel-
oped and published by FIDIC. and can be adapted to apply to both options A or B as detailed
above:

i Short Form of Contract
First Edition (1999)
[SBN 2-88432-024-5
© Copyright FIDIC 1999

Volume 11 comprises the Technical Specifications and shall describe the

e project location and scope of works

e local conditions, including subsoil, onshore and offshore conditions, sile uccess, etc.
o detailed description of works

o planning and design réquirements (Employer's Requirements where appropriate)
e standards to be applied

e documents to be provided by the Employer

* documents to be provided by the Contractor

o material tests and workmanship

e setting-out and survey

¢ gspecifications for cach category of work and/or supply

o methods of measurement of the works

o quality control and performance records

and shall be the fully comprehensive technical contract document to be used throughout the
construction works and the defeets liability period. Any supply and construction work shall be
meastred against the ¢riteria and parameters set out in the Technical Specifications to enable
the Emplover or the Engineer either 1o approve or reject the Works or parts thereof.

Volume IV compiles the Tender Drawings. illustrating the Kind of project and type of con-
struction to be carried out. Tender Drawings (for that matter also ‘any other detailed design
and/or working drawing) are always to be read and interpreted in conjunction with the Tech-
nical Specifications and the Bill of Quantities.

Asa matter of principle Tender Drawings should include, among others

* location map;

o limits of site area and 1t approaches;

s layout plan with project co-ordinates for setting-out;

o subsoil information (exploratory borings, CPT resulrs, grain size distribution, etc.);
o dredging/carthworks/filling/reclamation plans:

o detailed structure/facilities layouts;

o detailed sections of the structures/facilities,
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e typical details of structures and facihities;
s typical reinforcement drawings for main structaral elements, and
e general construction time schedule.

The original size of Tender Drawings, as well as any detailed design and/or working drawing,
should be handy enough for use at site, for which drawing size DIN A 1 (594 x 841mm) has
proven to be suitable. The Tender Drawings, however, may be plotted 1o size DIN A 3 (297 x

20 mm) and bound in a proper A 3-size folder to become Volume IV of the Tender Docu-
ments.

3.7.5 Selection of Construction Methods

For structures of SC 2 and SC 3 typical and proven construction methods and equipment de-
ployment will be standardized to some extent. Nevertheless, for any construction the contrac-
tor who has been awarded the contract for execution of the works is solely responsibility for
the selection of the appropriate construction method(s). Within this context the contractor has
to decide on and is responsible for the method and sequence of the work execution and has to
provide the type and capacity of equipment to carry out the works in accordance with the
Technical Specifications and the Drawings.

Already at the preliminary design stage of a project the selection of basic construction meth-
ods is an interactive scenario with the study of design options for the structure(s) in question.
The most feasible design can only be arrived at. if the likely method of construction is being
pre-determined, well in consideration of the particular local conditions (including subsoil) and
the applicability of the design to the use of local construction capability and experience.

Particular projeet constraints may emerge for SC 4 type projects as these are likely to be exe-
cuted under severe conditions, such as high river flow, excessive water depth, or with substan-
tial volumes of works to be carried out and completed within just one dry season construction
window, Such conditions would call for application of enhanced constructions methods and
utilisation of specialised and/or high equipment capacity, which may not (yet) be available
within Bangladesh. Such circumstances would typically call for ICB procedures as referred to
under Section 3.7.4.3.

3.7.6 Procurement of Construction Materials

Procurement of construction materials should be based on strategic material stockpiling at
selected locations. This will enhance the fast track implementation of standardized structures,
and would ensure that the construction works ean commence as soon as possible after a mon-
§00N season.

In any case, the timely procurement of construction materials is of eminent importance and
the success of project completion within the available construction window will substantially
depend on it. The following should be given due consideration when planning the project im-
plementation:
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e Owing to the fact that (due 1o aftermath of mensoon season) new brick productions would
be available only afier early December the respective works would start too late and valu-
able production and construction time is lost. Therefore, it is a good practice to procure
bricks for martresses and conerete block production well in advance, i.c. from previous
productions, at least to a quantity sufficient to cover the period until new supplies are
available.

o Should the project design require substantial quantities of hard rock, boulders and stone
material, which could be a cost effective alternative to the use of concrete blocks, carly
procurement is likewise important since these materials are usually imported from
neighbouring countries. The collection of substantial material volumes from the natural
sources and the subsequent selection, blending and transportation is ime consuming.

o Permeable groyne structures of prefabricated piles, such as tubular steel piles or factory-
made reinforced concrete piles require a considerable lead-time for material procurement.
Though it is considered that tubular steel piles of the desired standard diameters and
lengths can be produced in Bangladesh in future years, a lead-time of 6 to 8 months must
be taken into consideration for the latest start of such pile production. Factory-made rein-
forced concrete piles are available from a factory in Bangladesh on special order and can
be produced well ahead of construetion start. It should be kept in mind, however, that such
concrete piles have a limited application range.

o Geo-textile filter materials have to be imported though it should not be ruled out that in
future years local manufacturing of two standard types of geo-textile filter materials may
be feasible. These materials are available from a wide range of manufacturers in Asia and
Europe and are commonly available for shipment within a short period of time. Allowing
reasonable time for shipment to Bangladesh. clearance and transport to the site, a lead-
time of about 3 to 5§ months should be considered. Again, a strategic material stockpiling
would permit to take over such materials from the material stocks kept under the custody
of BWDB.

e Geo-textile mattress systems have to be imported. The production requires sophisticated
waving machinery for which any future local production may be ruled out. These mattress
systems are only produced on special order and the complicated waving procedure re-
quires a considerable production time. A lead-time of 6 to 8 months should be considered
in the procurement schedule of the respective project.

3.7.7 Prequalification of Contractors

3.7.7.1 Introduction

It is a well-uccepted practice to launch pre-qualification (PQ) procedures to seleet competent
bidders to participate in tenders for civil works contracts. Through these procedures it shall be
ensured that contracts are only awarded to bidders, which are qualified having the appropriate
capabilities, experience and financial resources.

The procedures to be applied for pre-qualification of capable civil works contractors depend
on various parameters interconnected with the c¢hosen bidding procedure, ie. LCB (Section
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3.7.4.2) and ICB (Section 3.7.4.3). Therefore, the following subsections differentiate between
PQ procedures for local as well as intenational competitive hidding.

3.7.7.2 PQ-Procedures for LCB Projects

Pre-qualification of contractors is usually done by BWDB for large or complex works on the
basis of detailed estimates to ensure:in advance of bidding; that invitations to bid are extended
only to capable bidders. Bank protection projects would normally suit so-called Class A con-
tractors registered with the authorities. With a view to the recommended standardized strue-
tural measures for SC 2 and SC 3 it may be considered for the future to introduce a structure
specific classification of potential bidders.

3.7.7.3 PQ-Procedures for ICB Projects

Different procedures have been developed and utilised in the past for prequalification of civil
works contractors. Though the form may be different, they all have common elements, which
are

* Instructions to the applicants identifying the type of works, the source of financing and the
general requirement to be complied with by the applicant

* Short description of the project country, the contract site, a deéscription of the works, in-
cluding quantities of major work components and basic construction methods required,
thus to permit the applicants to understand the project requirements and to assess whether
or not such requirements could be met by the applicant

* A set of purpose-made forms to be filled and completed by an applicant, among others to
compile all company related data, the financial status, joint venture data (if applicable), the
firms® experience with similar works and under similar conditions, the summary of project
key personnel, equipment proposed for the project, proposed site organisation and sub-
contractors, ete.

e Information about the stage-wise assessment of the applications
e Description of the major features of the scoring system, which may include

- groups of evaluation factors, such as financial capacity, technical capacity and experi-
nce

- eriteria for assigning numerical values to the quantitative information submitted by the
applicants

- group factors to best reflect the relative importance of the respective group for the de-
termination of an applicant’s overall qualifications

Dependent on the financing source of a project the funding agency may have specific re-
quirements to be followed in the PQ-procedures. These may include the format of invitation,
the use of specific channels/media and publications to announce the pre-qualification, adher-
ence o pre-determined minimum periods between announcement and dead line for document
submission, inclusion of specific eligibility criteria to be fulfilled by the applicant, etc..
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Among the available recommendations and guidelines for prequalification of contractors the
“Tendering Procedures” issued by FIDIC and the “Guide on Prequalification of Civil Works
Contractors” published by the Asian Development Bank (ADB) are useful examples and may
be considered when drafting purpose-made PQ procedures and documents.

3.7.8  Detailed Design

It is being assumed that for SC 2 and SC 3 type projects the detailed design will be carried out
by the implementing authority, while detailed design for SC 4 type projects may be carried
out with the assistance of a qualified consulting engineering firm. The detailed design shall
further detail and supplement the Tender Drawings, taking into consideration most recent
changes at the finally selected and confirmed construction site. For SC 4 projects the detailed
design shall include all final computations and stability analyses and the drawings shall show
all information and dimensions needed by the Contractor to prepare the working drawings,
bending schedules and shop drawings.

Working drawings for SC 4 projects shall supplement the Detailed Design referred 1o under
Section 3.7.8 and may have to be prepared either by the employed consultant (the Engineer)
or the contractor, which depends on the scope of consulting engineering services awarded to
the Engineer by the Employer.

It is a good practice, however, that the Contractor prepares all working drawings, including
bar bending schedules, shop drawings, ete., while the Engineer shall check Contractor’s sub-
mittals for conformity with the contract specifications and the otherwise agreed (Employer’s)
requirements. The Contractor shall only carry out the respective construction works when the
Engineer has approved the related working drawing.

3.7.9 Land Acquisition
3.7.9.1 Approach to the Work

Possession of land for the construction is a prerequisite in all project works, This is achieved
by acquisition of land through government procedure. The procedure comprises the follow-
ing:

(a) preparation of the site plan encompassing the area permanently required by the pro-

ject:
(h) colleetion of relevant mouza maps and transferring the site plan into the mouzia maps;
(c) preparation of schedule of land falling within the site plan drawn on the mouza map
with exact arca and ownership.
(d) preparation of the inventory of affected households covering mainly information about

housing (type. size, materials used ete.) and other items (tube wells, latrines ete.). In-
formation about shops. business units. rural industry as well as trees, stunding crops in
the field. ponds and fish population in the ponds etc, are also needed to be included in
the inventory;

(e) preparation of the land acquisition proposal in the required format based on informa-
tion in the above land schedule and mventory, and
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(H submussion of the proposal to the Deputy Commissioner for formal acquisition of
land.

The Deputy Commissioner’s office needs about 5 to 6 months for stepwise notifications to the
people having property in the proposed acquisition plan and makes verification of inventory
of houses, crops, trees and others. An estimate is then prepared for the compensation as per
approved rates of the items included in the acquisition proposal for payment by the requiring
hody, After obtaining the fund from the requiring body, the Deputy commissioner’s land ac-
quisition office acquires the land on payment to the affected people and hands over the same
to the requiring body.

3.7.92 The Problem and Formulation for Selution

Bank protection works are very much related to the bankline at the time of construction, The
necessary preparation for all other works like preparation of design, floating of tenders and
procurement of materials can be done well ahead for a site area wath the probable bankline at
the time of construction keeping in mind the erosion rate prevalent at the site. But the exact
location of the structure can not be fixed until the recession of the flood, hence, unlike other
projects, not well ahead but only a couple of weeks before the start of the actual construction
works. This peculiarity of bank protection projects with respect to land acquisition calls for
some formulation to solve the problem.

The formulation consists of two aspects of activities. The first aspect is to prepare umbrella
coverage of the probable site of construction and follow the steps (a) through (f) of the ap-
proach to the work (see Scetion 3.7.9.1). This can be done immediately after the project is
taken in hand for implementation.

The second aspect of formulation deals with the situation of making the land available for the
construction in the very beginning of the construction window in November with the target of
completion of the praject in May or June of the following year. The work approach for mak-
ing the land available in time comprises:

(a) fix the alignment of the structure in exact location after recession of the flood in the
month of September along the actual bankline in the umbrella coverage of the prob-
able site and prepare the land plan and land schedule as per modified location map;

(b)  hold participatory public meetings to discuss thoroughly the pros and cons of the pro-
ject and convince the likely affected population and beneficiaries about the necessity
of the project;

(c) if the population agrees with the implementation of the project and assures necessary
help and assistance in the project work, emphasis may be given that land should be
made available to the project before the actual payment of compensation for land by
the appropriate authority. This can be achieved by immediate payment borne directly
by the project as per mutually agreed rates on cost of house shifting and compensation
for standing crops and trees. Funds should be allocated by the project for this purpose.

While the first formulation will proceed and make land permanently acquired m due time, the
second formulation will make land available on temporary basis.
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3.7.93 Fund for Land Acquisition

Projects taken in hand for protective works do not allow much lead time and land acquisition
is imperative for the implementation of the project. Therefore, sufficient fund nceds to be kept
for payment of land compensation and the whole allocation in this respect of the annual de-
velopment plan budget should be made available at the beginning of the sccond quarter of the
fiscal year.
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4 HYDRAULIC AND MORPHOLOGICAL BOUNDARY CONDITIONS

4.1 INTRODUCTION

The banks along the braided Bangladeshi rivers are eroded frequently as the planform changes
are usually very dynamic. The natural erosion of unprotected banks as the main failure
phenomenon should be understood well before defining hydraulic and morphological
boundary conditions for the design. Reference is made to Chapter 2 with a review on the
processes of erosion and mass failure of banks. These failure modes of bank erosion vield the
requirement for specific hydraulic and morphological design parameters.

The driving forces for erosion are the high shear stresses by current flow., which exceed the
shear strength of the soil. The gradual process of surface erosion can trigger a sudden mass
failure of banks, Different failure modes are anticipated 1o oceur at a critical slope of the river
bank, Thus, bed erosion at the toe in vertical direction will cause bank erosion and a self
induced adaptation to a slope which is milder than the critical one. For the design of a
protection structure, also the importance of scouring is evident and consequently has to be
taken into account in the design phase. The size of local scour holes and their development
with time has to be estimated after a choice of the conceptual approach for the protection
structure has been made.

General design parameters, that are not dependent on the type of protection structure, form a
basis for the individual structural design. The hydraulic design parameters, e.g. design water
level and design flow depth, act as boundary conditions for the morphological parameters, i.c.
the design cross-section of the river. The design flow velocities are not directly used to
evaluate the risk of bank erosion. In this context, scouring to a certain scour depth is the
decisive phenomenon and consequently the main parameter for the design, However, an
estimation of the flow velocities is needed to optimise the construction phase of the protection
work, with respect to the placing of materials and constructional elements,

In the following, subsequent working steps and simplified approaches for the estimation of
input parameters for the structural design are explained. Details on the hydraulic design
parameters are given in Section 4.2, The determination of the design cross-section is treated in
Section 4.3 and 4.4. Section 4.5 covers the determination of design flow velocities and
Section 4.6 comments on other boundary conditions for the design.

42  HYDRAULIC DESIGN PARAMETERS

4.2.1 General Approach

River fraining structures are generally designed to resist a certain design flood. In Bangladesh,
a flood with a recurrence period of 100 years is commonly selected as the design flood for
bank protections of primary importance. The lifetime of a protection structure has often been
related to the recurrence period of the design flood. Therefore, it is assumed that the design
will be based on a lifetime of about 50 to 100 years for a bank protection structure. The
service time of a river training structure is only a fraction of the lifetime, because the structure
experiences river attacks only in a limited number of years, lying idle in other years. Thus,
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design conditions with a recurrence period of 100 years have a much lower probability of
occurring during the service time. which implies that the common approach leads to over
design.

On the other hand, the most severe loads on the structure are not related to the most extreme
flood events; so that hydraulic recurrence periods derived from water level registrations or
discharge registrations are not very representative for the design conditions. It is likely that
extreme planforms will have a significant influence on the design parameters, but this
influence is still relatively unknown and has to be estimated. A morphological recurrence
period of the same safety level as the hydraulic recurrence period can only be applied if
sufficient data are available (see Section 4.3).

Therefore, two approaches will be followed for the design:

o The relatively long hydraulic recurrence period of a design flood will be maintained:

s Extreme hydraulic loads due to planform development will be considered by an adequate
choice of the design cross-section, where consideration is given to extra structure induced
seour and extreme oblique flow attack.

The discharge of the design flood is defined in order to estimate the Design Water Level
(DWL) with a return period of 100 years, Additionally, a bankfull discharge is defined for the
estimation of the design cross-section. The bankfull flow conditions are also representative for
the morphological situation of the riverbed during flood conditions, as the difference in water
level is small and an increase of sediment transport from bankfull to flood flow conditions
negligible.

4.2.2  Design Discharge

The discharge of a specific river is obtained from the analysis of hydrological data, especially
through extrapolation of stage-discharge relations at water level stations, where also discharge
measurements have been executed regularly. The analysis of flood discharges and the
associated recurrence periods result in a probability function which can be used to define the
design discharge with a return period of 100 years,

If no sufficient data on the discharge recurrence period are available, the total discharge in the
river with a return period of 100 years can be approximated at a value of about twice the
bankfull discharge. In a braided river, the total discharge is distributed over several channels
and will partially inundate the floodplain.

The design discharge Q. for a channel can be described by:

¢
Q\-||=_I'2'Qh (Eq. 4.2-1)
Ch
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Q (m’/s) bankfull river discharge

¢ () safery factor for ¢xtreme channel discharge,
gy = 1.5

e (-) braiding index

The braiding index ¢, represents the number of channels and lies between 4 and 5 for the

Jamuna river. For the Ganges and the Padma ¢, = 1 should be used, as they are not braided,

For other rivers of Bangladesh, it is recommended to estimate cj, from satellite images. The

bankfull discharge Qy can be taken from Table 4.2-1,

River Bankfull discharge Return period of Braiding index
(m'/s) bankfull discharge (-)
(years)
Jamuna 48 000 1.00 4-5
Ganges 43 000 1.40 1
Padma 75000 1.05 I

Table 4.2-1: Discharge characteristics for major rivers of Bangladesh

The bankfull channel discharge Qy,., is calculated by:

Qh,uh == &

Eq.4.2-2
c, (Eq )
with

Qy, (m'/s) bankfull river discharge

ey (<) braiding index

4.2.3  Design Water Level

The Design Water Level (DWL) is related to PWD and can be derived from the design
discharge. As the relation between discharge and water level varies due to rapid
morphological changes, only a stage discharge relation (rating curve) established at the
location of the planned structure from long term monitoring of daily averaged water levels
and corresponding discharges can be used. For selected locations, data is available from the
Surface Water Modelling Centre (SWMC). The SWMC also provides data on the water level
of Standard Low Water (SLW).

To calculate the DWL in m+PWD, an extrapolation of the stage discharge relation is to he
used. Extrapolation is necessary, as it cannot be expected that the design conditions can be
observed during the monitoring phase at the location of the structure prototype. However,
from experience it can be stated that the water level does not change much between
recurrence periods of 25 or 200 years. The DWL is generally above the Flood Plain Level
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(FPL), the return period of bankfull discharge is much shorter (for Jamuna, Ganges and
Padma between 1.0 and 1.4 years, sec Table 4.2-1),

4.2.4 Waves

In general the maximum wave heights are caused by maximum wind speed over the longest
fetch length. From observations it is concluded that the maximum wave height with a return
period of 100 years for the design of bank protection structures along the Brahmaputra-
Jamuna River should be about 1.3 m. For a retum period of 25 years a design wave height of
1.0 m is commonly used for major rivers of Bangladesh.

However, an approximate calculation of the wind induced wave heights can be done by
theoretical methods in order to verify these assumptions and to investigate the band width of
results. The design method is based on the formulas proposed in the Shore Protection Manual
(CERC, 1977). For shallow water conditions, present during the continuous changes between
sand bars, chars and tributaries, the significant wave height s is calculated by:

[_ 3 42
; BiTS ':1.[.”:5'.5-{§= 3 1 .
H_ =0283 tanh| (;_530-[5 h'J T T = (Eq.4.2-3)
T, s e N[l 8
L tanh| 0530 | & Nen ',
LI; J

in which
ha (m)  average water depth in upwind arca of water body
Ly (m) fetch length
g (m/fs?) acceleration due to gravity

Hy (m)  significant wave height

u, (m/s) average wind speed

Fq. 4.2-3 does not consider effects from wave transformation, strong variance in water depth
and the underlying currents, It holds for the deepest parts of the channel. The waves are lower
in the shallower areas of the channel. It is recommended 1o take this phenomenon of shoaling
into account when calculating the design wave attack on an embankment. A more reliable
theoretical prediction of wave parameters is rather complex and will not be covered here.

Maximum wind speeds mainly occur by wind during the tropical Northwesters and by
cyclones. It is recommended to use wind data of the Bangladesh Meteorological Department,
Dhaka. The distribution curves for the wind velocity as a function of the return period should
be applied for determination of the design wind speed. For the Jamuna areas, a period of 15
minutes as an approximate time for the full growth of wind waves vields an average wind
speed of 25 mv's for a return period of 100 years.

The effective fetch length depends on the water level in the channel, the alignment of the
channel compared to the wind direction and the banklines of the upwind water body.
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Therefore the fetch length can vary widely, It is at its maximum during monsoon, when the
river flow is at its peak and many chars are inundated. For the Brahmaputra-Jamuna river, a
design fetch length of 2 to § km is recommended. Detailed information can be obtained from
satellite images.

43 DESIGN CROSS-SECTION FROM MORPHOLOGICAL ANALYSIS

For the conceptual planning of a protection structure, a design cross-section of the channel has
to be determined. A morphological analysis of data available from SWMC or obtained from
meonitoring prior to the planning phase serves as the best approach to derive information on
the bankfull channel width, the expected water depths and the cross-sectional shape. The
bankfull channel width and additionally the bend curvature can also be obtained from satellite
images and planform analysis.

Data of the Jamuna River consist of yearly measured standard cross-sections recorded during
the lean season. In addition, irregular bathymetric surveys of the ferry routes ean be made
available. However, 1o represent the morphological situation of the river bed during flood
conditions, cross-sections should be monitored at least at bankfull flow conditions.
Morphological changes at flow conditions that correspond to water levels higher than FPL are
negligibly small. Even if local erosion of the river bed during flood events produces higher
water depths below FPL, in other locations sedimentation will oceur so that in the average the
cross-sectional profile does not change.

To estimate the outer bank profile and the maximum water depth in the thalweg, it is
recommended to use an envelope curve of measured cross-sections. In principle, these
sections should not be influenced by any river training structure. It is recommended to
determine the statistical distribution of the enveloping curve and to select a curve of a
morphological return period with the same safety level (or return period) as for the
hydrological data of bankfull discharge. This latter is a return period according to Table 4.2-1,

For the envelope method. data from surveyed cross-sections of the respective channel are
required, where a protection structure 1s planned. Data can be made available from SWMC or
from irregular bathymetric surveys of the ferry routes. Additional data have to be obtained
from monitoring at the site of the planned structure prior to the planning phase. Only
representative cross-sections, which are not affected by any river training structure, should be
used.

To represent the morphological situation of the river bed during flood conditions for the
design, the cross-sections should have been monitored at least at bankfull flow conditions (see
Table 4.2-1). This corresponds also to the requirement that the monitoring should cover the
full profile from thalweg to bank top. Otherwise the surveying with boats along the bankline
cannot be carried out.

The envelope curve method is characterised by a collection of cross-sectional data originating
from river reaches that all have either positive or negative curvature. All cross-sections should
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contain a clearly defined outer bankline. This is mostly given by a steep slope of the bank
reaching the flood plain level. The collected data is then processed to refer the elevation of the
measured bathymetric points to a uniform flood plain level. Additionally, the cross-sections
are overlaid 10 have one point in common which is the outer bankline at flood plain level. The
result is a collection of cross-sectional profiles as indicated in Fig. 4.3-1,

The envelope curve is derived by linking the bathymetric points with the deepest bed level
within this dataset of processed cross-sections (thick line in Fig. 4.3-1). Finally, not a single
cross-section may contain a point that is deeper than the envelope curve at this co-ordinate in
the direction of the channel width. The envelope curve is used as the design cross-sectional
profile. It represents an extreme near-bank profile of the channel that develops due to
morphological processes at flood conditions. Moreover, the envelope curve method vields the
water depth h'y in the deepest point (thalweg) below Flood Plain Level (FPL).

It is important to notice that the method must not be applied for the inner bank of a channel
bend, as the total cross-sectional arca would be overestimated and consequently the cross-
sectional averaged flow velocities underestimated.

However, it is often not possible to survey cross-sectional profiles during hydraulic conditions
that represent the morphological design conditions. Only from an extensive monitoring data
base. the influence of extreme planforms on the design parameters can be taken mto account.
Other approaches for the determination of the required maximum water depth of the design
cross-section are therefore desceribed in Section 4.4,

Flood prain level

Batk level (m) below flood plain

;
P.zi .
2 55xh’ b
u L
= - - —
-] 50 168 150 200 250 300

Crstance to eroding bark (m)

Fig. 4.3-1: Envelope curve of measured cross-sections of a channel bend
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44  DESIGN CROSS-SECTION FROM REGIME EQUATIONS

4.4.1 Straight River Sections

The design cross-sectional profile can be achieved from an envelope curve only if the
hydraulic conditions are representative and the number of sSurveyed cross-sections is
sufficient. Alternatively, the size of the channel can be estimated by using a characteristic
width and depth according to empirical regime formulas (see for example Special Report
No.7 of the River Survey Project FAP 24, Delft Hyvdraulics and DHI, 1996 a). Therefore, the
design channel is idealised by a rectangular cross-section as indicated in Fig. 4.4-1.

Pesign Warer Level
Hloadiplam level DWL Bunkiull Water Level

FIlL 1

B,

Fig. 4.4-1: Sketch of a cross-section in a straight river section
The cross-sectional channel area is defined as:
Ay =By hy (Eq. 4.4-1)

with

Ach _(m:) cross-sectional channel arca

By (m)  channel width between the banklines of bankfull discharge at FPL

hg (m)  average water depth within the channel related to DWL
ey is the average water depth within the channel related to FPL. The average channel width

B at FPL and the average bankfull water depth h's, are calculated from the bankfull channel
discharge Qp ., and the empirical cocfficients ¢ to ¢ by regime relations:

hi=c, Quun (Eq. 4.4-2)

By =¢3 Q4" (Eq. 4.4-3)

The empirical coefficients are listed in Table 4.4-1. The regime relations stem from Special
Report No.7 of the River Survey Project FAP 24 (Delft Hydraulies and DHI, 1996 c).
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Name Jamuna Ganges Padma
Regime ¢ 0,40 0.28 028
hes =€) Quei”™ o 0.26 0.29 030
Regime Cs 897 9.97 4.76
Biy =600 45 e 0.57 0.555 0.62

Table 4.4-1: Regime relations for individual channels at bankfull flow conditions

The average water depth hyy, below DWL is caleulated from the bankfull water depth h';;, and
the elevation of DWL and FPL as follows;

hg =hy, +(DWL-FPL) (Eq. 4.4-4)

Finally, the elevation of the niver bed related to PWD can be calculated by subtracting the
water depth hyy, from the elevation of DWL.

4.4.2 Bend Scour in River Bends

The approach used for straight river sections is rather simplified and does not sufficiently
account for river bends, where the flow creates an asymmetrical profile with a bend scour at
the outer side and a deposit at the inner side of the bend. The inner profile of the cross-section
is indicated by a slope of the river bed gradually deereasing towards the inner bankline. The
bend scour depth is mainly dependent on the channel width and the bend curvature.

(a) Decisive Channel Width

In case of river bends, the predefined width Beh of the channel does not cover the total width
of the river bed between the locations where the Floodplain level (FPL) is reached. Instead,
the mnner bankline is defined by chars, which are dry at standard low water (SLW) but are
imundated at bank full water level. Consequently arcas with shallow water at the inner bend are
neglected (see Fig. 4.4-2).

[hasign Water Litl
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Fig. 4.4-2: Sketch of a cross-section of an axis-symmetric bend
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(h) Bend Curvature

The bend curvature of the channel can be described by the radius of the ¢hannel centre line.
The centre line in the cross-section 15 located at half the width By,. It is recommended to use a
design bend radius of 2.5 times the channel width B,y

5=25" Buh - (Eq. 4.4-5)

Hickin and Nanson (1984) studied the bends in meandering rivers and found that under these
circumstances the largest erosion occurs. The estimate has been preliminarily verified for the
Jamuna river as part of a planform study.

However, if the subsoil of the river bed is not homogencous but contains areas with cohesive
layers, the estimate should be used with great care. Preference should be given to planform
analysis then, as geo-technical effects can yield an extreme curvature with a smaller radius. In
these cases, a planform analysis of satellite images is an adequate procedure to define the
design channel curvature.

(c) Bend Scour Depth

For the design of a planned protection structure, the bend scour depth ys pend, Which represents
the deepening of the riverbed along the thalweg, is a decisive parameter. To determine the
bend scour depth, the following approach is recommended:

Thome (1988) found an empirical formula for the total water depth hy in the deepest point of
the thalweg in a river bend being a function of the radius in the centreline r. and the channel
width B, Assuming that the water depth in the upstream straight river section equals the
cross-sectional averaged water depth hyy, . the formula reads:

hy [ r. ]
—=207-019-1o < —15 .
h g B (Eq. 4.4-6)

ch ch

in which
hy (m) total water depth at thalweg below DLW
r. (m) radius of bend centerline

The formula implies that r, > 1.5 Bgy,. If the estimate r. = 2.5 By, is used (see Eq. 4.4-5),
Eq. 4.4-6 comes down to;

hy =2.07-hy, (Eq.4.4-7)
The scour depth y, is defined as the difference between the water depth in the deepest point of

the scour hole and the averaged water depth in the approach channel just upstream from the
scour hole. Thus, the bend scour depth v, pend can be written as:

DRCEMBER 2000 49

P4



ol

STANDARDIZED BANK PROTECTION STRUCTURES

Yosens =Ho —y (Eqg. 4.4-8)

With the convention made before (see Eq. 4.4-4), h'y is understood as the largest water depth
in the thalweg at bankfull discharge. From observations of cross-sections in the Jamuna river,
an enveloping curve with the average slope of the outer bend profile between the deepest
point in the thalweg and the outer bank at FPL was derived that holds the condition of Iin
with n = 5.5 (see Fig. 4.4-2), This is valid for sandy and cohesiveness soils (as prevailing i
the Brahmaputra-Jamuna and other rivers of Bangladesh),

4.4.3  Outer Bend Profile

For the outer bend profile. an empirical formula has been derived based on envelopimg curves
from measured cross sections in the Jamuna river. The formula is deduced from the
observation of bankfull discharges and is considered valid for other nvers in Bangladesh too.
It reads:

; 058, —r)
h' (r)=h, —h, fl_M

- A0
q - (Eq. 4.4-9)
with

h'(rim)  local water depth below FPL

h'y (m)  water depth at thalweg below FPL

h'y=hy - (DWL - FPL)

B (m)  channel width

r. (m) radius of bend curvature at channel centre-line

r(m) co-ordinate for radius of bend,

here: 1, <r=<r. +035B,,

noo(-) cotangent for the natural slope of outer bend

As a first approach, for sandy. non-cohesive soils (as prevailing in the Brahmaputra-Jamuna
and other rivers of Bangladesh), n = 5.5 can be chosen, which was deduced from the envelope
curve analysis (see Fig. 4.3-1).

4,44  Inner Bend Profile

The evaluation of the inner bend profile is of rather small importance for the actual design of
standardized protection structures. It may become essential when more detailed information
on the local water depth and/ or the complete flow cross-section of a channel is required (e.g.
numerical modelling and other methodical research studies).

4.4.5  Other Types of Scour

The river bed is scoured below its average level due to different processes. According to the
investigations in the River Survey Project (Delft Hydraulics and DHI, 1996 b) the following
types of scour can be distinguished apart from the above mentioned bend scour. The total
scour oceurting in nature is often a combination of these types, strongly depending on the
local geometry of the river:
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{a) Confluence Scour

Confluence scour occurs where two channels meet. For the Jamuna River it is recommended
to calculate confluence scour depth with the approach by Klaassen and Vermeer (1988). The
authors evaluated historical field data and a survey from 1987 and found from statistical
regression the following empirical relation for the confluence scour depth i oniiience:

Yscantiuence =7 (0:292 40,037 - ) (Eq. 4.4-10)
with:
© (") angle ofincidence of anabranches or confluence
h" (m)  upstream water depth below SLW
from the average of both approach channels

Q,+Q, —_
Fig. 4.4-3: Sketch of channel confluence with scour

The geometry of confluences changes easily, so that the design value of the incidence angle @
should not be measured from a temporary local situation. It is recommended to use a
representative value of 457 for channels wider than 1 km and a representative value of 70° for
channels narrower than | km.

The ratio of the discharges in the two anabranches should be estimated. For | < Q,/Q, < 5/3
the validity of the formula is proved (Q is the higher discharge of the anabranches), whereas
for higher ratios no clear dependency could be detected by the authors. Thus, in these cases
the formula has to be used with great care.

Remark:

The water depth hy" upstream from the scour hole is not necessarily the cross-sectional
averaged water depth in the upstream eross-section. In most cases it is represented by the
water depth hy in the thalweg. This strongly depends on the width of the bend scour related to
the size of the confluence scour hole. As the water depth has to be related to the water level
SLW, the water depth hy" in the thalweg related to SLW has to be used.

DECEMBER 206) 4-11



STANDARDIZED BANK PROTECTION STRUCTURES

(b) Protrusion Scour

Protrusion scour is caused by the flow acceleration along a structure. It oceurs when the flow
impinges on a structure or a relatively resistant bank. The flow is then concentrated within a
smaller width, increasing its velocity. It is recommended to use the following formula.
originally derived from the Mississippi river by Delft Hydraulics and DHI (1996 ¢,d):

033
_Y»,mmms:ull _ 4 L-||

h, . (g-h, }Ir.m:

(Eq.44-11)

in which
g (m/s’) acceleration due to gravity
u; (m/s) upstream depth-averaged flow velocity
hy (m)  water depth upstream from scour hole

The actual protrusion scour depends strongly on the local geometry and flow patterns.
However, protrusion scour is not the decisive phenomenon for the design of a protection
structure. The downstream local scour depth induced by the structure is of much higher
importance. The protrusion scour can therefore be neglected for preliminary design purposes.

(¢c)  Local Scour

Local scour is caused by the increased wrbulence and the vortices in the decelerating flow
downstream from a structure.

The depth of the structure induced local scour in a concave bend of a sandy cohesionless niver
bed (as applicable for the major rivers in Bangladesh) can be determined by the formula of
Ahmad (1953 );

h K [I Ba )’

+ e ) Uy .
Yol AR B —-bJ (Eq. 4.4-12)
in which

K (m"s*")  empirical coefficient (Sub-Section 4.4.6)
Ba,  (m) channel width upstream of the groyne

b (m) protrusion length (see Fig.4.4-6)

uy (m/s) upstream depth-averaged flow veloeity
hy (m) water depth upstream from scour hole
Valocat (M) maximum local scour depth

The empirical cocfficient K has to be individually chosen according to the type of protection
structure. Values for groynes and revetments are given in Section 4.4.6 {(a) and (b)
respectively.
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The ratio B.y/(B.-b) considers the constriction due to the structure and represents a factor for
the increase of the upstream flow velocity uy. The protrusion length b equals to the groyne
length reaching into the river (measured from the same bankline as By). It has also to
consider the permeability of the respective groyne section. However, if this length cannot be
established, Fig. 4.4-4 can be used to estimate the factor By/(By-b) in dependence of the
water depth hy, and the channel width By,

With this, the depth-averaged flow velocity along the structure becomes u = u; Bu/(Beyi-b).
According to observations from Breusers and Raudkivi (1991), the equilibrium scour depth
depends only on the geometry of the structure if the depth-averaged flow velocity u is larger
than 2 u.,. In this case, the grain size has obviously ne direct effect on the maximum local
scour depth Y. joear. For velocities below u,. the scour depth is also a function of the river bed
grain size, so that the above formula can not be applied. Therefore, the following limits have
to be considered:

< . L < 7.

u, =u, =arly, (Eq: 4.4-13)
ot b

As for the confluence scour, the water depth hy upstream from the scour hole is not

necessarily the cross-sectional averaged water depth hy, in the upstream cross-section. In river

bends it is represented by the water depth hy in the thalweg, However, this strongly depends

on the width of the bend scour related to the size of the local scour hole.
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Fig. 4.4-4: Estimated constriction factor for local scour calculation
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(d) Extra Structure [nduced Scour

Some of the above mentioned scour types are not induced by the channel geometry but by
bank protection or river training works, These structures along migrating river channels also
produce morphological changes in a wider area as they form a local bank stabilisation.
Channels becore narrower, bends may become sharper and confluences of two or more
channels may be formed close to the structure. Thus, these structure-induced morphological
changes enhance the scour in several ways:

o The input of bank erosion material reduces the formation of near-bank scour. Stopping the
input of bank erosion products by a structure will consequently eliminate this reduction and
hence lead to deeper scour;

= Migrating rivers are overwide when point-bar deposition cannot keep up with bank erosion.
The stopping of migration causes narrowing and associated deepening of the approach
channels:

o The hindered migration deforms the bend. This increases the curvature and hence the bend
scour of the channel along the predicted bend;

e The formation of a confluence, as a result of flow atnraction by scour holes. produces
confluence scour.

The scour enhancement due to these structure-induced morphological changes is still largely
unknown. Most quantitative methods for the prediction of structure-induced scour hold for
relatively stable rivers where the bank lines are fixed and hence the geometry does not
change. In unstable rivers where bed levels and bank lines change rapidly, however, bank
protection structures may cause these effects which are referred to as extra structure induced
scour in the following. The extra scour occurs typically over the whole length of the
protection structure or over the whole length of a river bend. This means that the area affected
by extra scour is much larger than the area of a local scour.

Currently there aré no quantitative methods to predict the extra structure-induced scour in
rapidly changing rivers. For the design. it is therefore recommended to increase the total scour
by 20% to account for the extra scour.

(e) Total Scour

Total scour results from the combination of the different scour types. It is recommended to
caleulate the total scour depth from a combination of bend scour, confluence scour, local
scour and extra structure-induced scour.

The bend scour together with the extra scour acts in'a much larger area (with a length of about
the length of the protection structure) than the local scour. Therefore they act independently of
each other and they can be added to each other (summation principle). However, generally
confluence scour and local scour have very similar horizontal geometric dimensions i width
and length, therefore, a strong interaction seems likely and the summation principle might
result easily in an overestimation of the total scour depth.
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It 1s reccommended that the total scour depth due to interaction should be taken either from the
summation of bend scour and local scour or from the combination of bend scour and
confluence scour. The maximum value of both should be selected and added to the bend
scour. To account for extra scour, the sum is multiplied with a factor of 1.2. This is expressed
in the following formulae for the maximum design scour depth, Below the below the cross-
sectional averaged bed level with the water depth hy, the total scour is v, ., (see Eq. 4.4-14a).
Related to the deepest point in the thalweg with the water depth h0, where the bend scour is
already included, the total scour is y. (see Eq. 4.4-14b):

Y =|-2-(>x-_m-..d +max [}u,...ml ; )'mu.m] J (Eq. 4.4-14a)

Yo = 0279, g ¥ 1.2 -max [Y5.Inunr : Yg,.-unﬂucm] (Eq. 4.4-14b)

with ¥ipens = hy - he, according to Eq. 4.4-8,

4.4.6  Local Scouring at Protection Structures

(a) Local Scouring at Groynes

Near permeable groynes the following scour phenomena can be distinguished:

1. Local scour hole downstream from the tip of the groyne:

2. Loeal scour around the piles (groyne without a bed protection);

3. Local scour downstream from the transition from a permeable to an impermeable section;
4. Local scour upstream from the groyne (protrusion scour).

Ad I: The local seour hole downstream from the tip of the groyne has received most attention,
since it is most important for the design of the structure. It will be treated in detail to derive ¥s

Ad 2: The small local scour hole around piles is well known in the literature and the
maximum depth is about 2 to 3 times the pile diameter if the water depth is larger then the pile
diameter and if the groyne was designed without a bed protection (Breusers and Raudkivi,
1991).

Ad 3: Inan analogous manner, an abrupt transition from an impermeable part to a permeable
part can cause the development of a secondary scour hole close to the bank (Fig. 4.4.-5).
Therefore a gradual transition is recommended to prevent the development of such a
secondary scour hole.

Ad 4: This type of scour is not included in the design procedure of the structures, because of
its small size.
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Flow direction

Local scour downstream
of the tip of the groyne

e

Protrusion scour

Local scour at
individual piles

Permeable

Local scour at
abrupt transitions

Impermeable

River bank
Fig. 4.4-3: Scour pattern of permeable groynes

As described before, bend scour can interact with the local scour at the tip. In theory, also an
interaction scour between confluence scour and local scour, or confluence scour, bend scour
and local scour is possible, and might result in very deep scour. Therefore the design
procedure uses the total design scour depth. explained in Section 4.4.5 (Eq. 4.4-14).

The total scour depth y,, the local structure-induced scour depth v j,.q behind the tip of the
groyne can be caleulated by Eq. 4.4-15:

hy+y e (Eg.4.4-15)

s, locsl

=K [h:-ul-

For explanations to the symbols and limits of the formula see Section 445,

For permeable groynes, the coefficient K is a combination of the empirical coefficient Kypenre
S35 denending on the permeability of the groyne and two dimensionless factors to
"7/m"*] depending on th bility of the groy d wo d less factors 1

account for bed protection and floating debris:

Kh-ul = !"\‘“ wetare Khul protection I:.\ﬂuunng dehiis {E‘-]- 4.4-16)

Vilues for the single factors can be taken from Table 4.4-2.
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Permeability at the tip (%) Kotetine (801
i 13
50 1.6 10 2.0
60 15t 1.8
7 1410 1.6
80 12t 1.3

Klm'l profeciton “)
without bed protection 1.0
with bed protection around piles 1.1

K ating vetirin (<)

without floating debnis 1.0
floating debris < | m thickness 1.2
floatmg debris = | m thickness 1.3

Table 4.4-2: Empirical coefficients K for groynes

(b) Local Scouring at Revetments

The local scouring in front of and downstream from a revetment (see Fig. 4.4-5) can be
treated amalogous to the local scour at the abrupt transition at the tip of an impermeable
structure (see Table 4.4-2) in combination with bed protection. It is therefore recommended to
use Ahmad's formula (Eq. 4.4-12) with Kuqene = 2.6. Floating debris does not have to be
considered with an additional factor,

Flow direction

Local scour

el

/ Revetment structure

Fig. 4.4-6: Scour pattern of revetments

If the protrusion length b ¢cannot be derived differently, the constriction factor By/(Ba-b) can
be obtained from Fig. 4.4-4. As the revetment does not block the outer bend, the constriction is
not fully developed. To account for this effect, a channel width of By, = 3000 m is to be applicd
in the given diagram. This yields a constriction factor between 1.1 and 1.2. However, the
approach should be used with great care for changes in approach conditions due to the
response of the river to the structure.
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4.4.7  Scour Velocity

The time-dependent development of the scour depth is referred to as scour veloeity. It
determines the risk of the loss of stability of the structure by flow slides, as fast scouring can
trigger slides. Moreover, it has to be evaluated, as slow scouring may have the effect that the
values predicted by Ahmad's formula (Eq. 4.4-12) would never be reached as the flow conditions
change before the equilibrium state can develop.

The formula for the characteristic time t; (in hours) at which the scour depth equals the upstream
water depth (y. = hy) reads

_ i -
L= (a{ -, _“Ir]u (Eg. 4.4-17)
in which
ki (=) empincal constant = 330
hy (m) upstream water depth
A (- relative density of sediment, usually A= 1.65
o (<) coefficient depending on the geometry
upstream of the scour hole
u;  (m/s) upstream depth-averaged flow velocity
U, (nmv/s) eritical flow veloeity for initiation of motion
=04 10 1.0 m/s (see Section 4.4.5)

The coefficient  was investigated by Breusers and Raudkivi (1991) in physical model tests on
scours behind vertical boards. It varied for the three-dimensional scour case between 1.6 and 1Y
for rough and smooth bed protection upstream of the scour respectively.

If the expected maximum scour hole depth Yo gese(t) is smaller than the upstream water depth
hy. then the following simple relationship can be applied (Hoffmans and Verheij. 1997):

M:[i]l Eq. 4.4-1
h, (, (Eq.4.4-18)

in which
hy (m)  water depth upstream from scour hole
v(t) (m)  time-dependent local scour depth
t () tme
n (=) empirical coefficient

For three dimensional seour holes, the empirical exponent ny is 0.6 to 0.8 (Breusers and
Raudkivi, 1991), The average scour velocity can be estimated for any scouring duration of
length t with y(t)/t. In the initial phase the average scour velocity should be smaller than 2
miday, as faster scouring can trigger slides and produce sudden bank erosion.
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4.5 DESIGN FLOW VELOCITIES

4.5.1 Introduction

The design flow velocities in the approach flow of a planned protection structure can be
determined in various ways. It should not be estimated enly for the deepest point of the
approach channel cross-section but along the whole bank through:

= Statistical analysis of observed flow velocitics;
* Simulation in-a 2-D (depth-averaged) mathematical model or in a physical model;
* Theoretical calculation methods.

The steeper water level gradients during the rise of the flood imply that the maximum flow
velocities occur a few days before the maximum water level is reached. Therefore, it is
physically more accurate, to consider a peak flow instead of the design discharge for the
evaluation of the design flow velocities. Thus. the peak flow theoretically occurs a few days
before the design discharge passes the site.

From experience, the maximum flow veloeities occur 3 to 4 days before the maximum water
level is reached, thus during the rising limb of the flood. It can be shown that the rise of the
water level increases the water level gradient. As the river bed becomes smoother, this effect
results in an increase of the flow velocities. However, it has to be noted that the flow velocity
can also increase to its maximum as a steep water level gradient develops during a cut-off.
The days, when flow velocities should be observed for statistical analysis, are consequently
during the rising limb of the food.

I the statistical analysis of observed flow velocities cannot be carried out. preference should
be given, with respect to the simplicity of the approach, to the theoretical caleulation methods
presented in the following subsections,

4.5.2  Cross-sectional Averaged Flow Velocity

With the geometric parameters of the approach channel, i.e. the cross-sectional averaged
water depth hy, and the bankfull channel width By, (sce Fig. 4.4-1), the flow veloeity averaged
over the channel cross-section can be derived from the design channel discharge Q. The
increased flow velocities, which ocecur during peak flow, are treated by assuming the total
design channel discharge passing through the area between the riverbanks, Consequently, the
flow velocity on the flood plains is neglected:

Q th

u ==
ch
Bch t hch

(Eg. 4.5-1)

4.5.3  Local Depth-averaged Flow Velocity

The flow pattern in a meander bend is strongly three-dimensional and a protection structure at
its outer bend makes this flow pattern even more complicated. Thus, for the flow velocities
along or behind a structure, individual approaches have to be used. For the design of the
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protection structure, only the depth-averaged flow velocities in the thalweg and at the outer
bend have to be estimated. Additionally, the veloeity reducing cffects of permeable groynes
have to be caleulated for the design of a groyne ficld.

For a straight river reach, the flow velocity in the deepest point can be calculated with the
same approach as for the thalweg of a river bend (see Bq. 4.5-2), The distribution of the flow
velocity in transversal direction has to be analysed further as for an outer bend (see Eq. 4.5-3).
However the formulas are deseribed for the case of a meander bend, as this is the dominant
type of river reach.

(a) Flow Velocity in the Thalweg of a River Bend

The depth-averaged flow velocity in the thalweg is estimated by the Chézy formula from the
given cross-sectionally averaged flow velocity ugs The ratio of both 1s given by:

Uy h,

: %)
U h (Eq. 4.5-2)

ch
where
by (m)  water depth in the thulweg
hy (m)  cross-sectional averaged water depth below DWL
uy (m/s) depth-averaged flow velocity in the thalweg
u; (mfs) cross-sectional averaged flow velocity

(by Flow Velocitics at the Outer Bend

The approach flow velocity above the outer bank slope of a river bend (outer profile n Fig.
44-2) is cstimated by the Chézy formula and the Colebrook-White formula for steady
uniform flow. So the variation of the local roughness of the underwater bank slope s
considered. The ratio of the local depth-averaged flow velocity u(r) above the underwater
slope to the calculated depth-averaged flow velocity ug in the thalweg is given by,

12h(r)

wo k0 [ho

) log 12k \'l hy, (Bq; 4.5-3)
k“.l!

where
hy (m)  water depth in the thalweg
hir) (m) local water depth above the underwater bank slope
koo (m)  Nikuradse equivalent sand roughness in the thalweg
k(r)(m)  local Nikuradse equivalent sand roughness of underwater bank slope
uy (mfs) depth-averaged flow velocity in the thalweg
u(r) (m7s) local depth-averaged flow velocity above the underwater bank slope
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For the Nikuradse equivalent sand roughness the grain size Doy can be used if no bedforms are
present. In the realistic case that ripples and dunes affeet the hydraulic roughness of the river
bed, a Nikuradse equivalent sand roughness of k, = 20 mm is to be chosen. If the uy is known
from Eq. 4.5-2 then u(r) can be calculated from Eq. 4.5-3. The latter describes the flow
velocities approaching the protection structure, If the calculated velocities along the bank are
above the critical flow velocity for bank erosion (see Section 4.5.5), then it is likely that an
unprotected bank will subsequently erode:

(c)  Reduction of Flow Velocities by Giroynes

The main effect of a permeable groyne is the reduction of flow velocities in the flow passing
it. The here presented method to estimate this reduction is based on the assumption that pile
rows are used for construction.

In the following, a control volume bordered by the flow lines that intersect the permeable
groyne in the centre of the spaces between a pile and its neighbouring piles is considered.
Subseript | refers to the upstream boundary of the control volume and subscript 2 to the
downstream boundary. It is assumed that the riverbed does not vary in the direction of the
flow (A = Az) and that the flow velocity at the upstream boundary is equal to the approach
flow velocity uy above the toe of an outer bend (ugy = uy).

From the momentum equation the following can be derived:

e (Eq. 4.5-4)

in which
W2 (m/s) downstream cross-sectional averaged flow velocity
Uy (m/s) depth-averaged flow velocity in the thalweg
Cp (- drag coefficient
Ay (m’) cross-sectional area of piles
A (ml} upstream cross-sectional area
¥ (") direction of the separation flow line including effect of obl ique flow attack

Remarks:

= The subscript p in above formula refers to the pile. So the flow blockage by the
pile row is Ay/Aj,

= If floating debris is present, A, should be replaced by Ap + Ap where Ay is the
cross-sectional area blocked by floating debris.

—  Yis the angle between the flow lines and a line perpendicular to the groyne axis,
This angle is determined by the expansion angle and the oblique approach flow,

The reduction of the flow velocity is obviously a function of the drag coefficient Cp. It is
recommended to use the following:
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e Cp-0.7 forsmooth single piles in strong flows (design flow velocities 3 1o 3.5 m/s);
e Cp-2.0 orrough, closely spaced piles in moderate flows
(approach flow velocities 0.5 10 0.9 m/s during monitoring).

When a series of permeable groynes is attacked by parallel flow, the flow velocity is reduced
from groyne to groyne in downstream direction by repeated application of Eq. 4.5~
However, lateral momentum transfer, expansion angle and oblique flow anack will affect this
reduction of flow velocities adversely. Therefore, Eq. 4.5-4 should not be applied more than
three times 10 prevent too optimistic estimates of the flow velocity reduction. That is why
permeable groynes should be applied in series of at least three groynes to obtain a
considerable reduction in flow velocities along the bank and to stop or to prevent bank
erosion.

4.5.4 Vertical Flow Velocity Distribution

The above described flow velocities u, consider the average flow velocity along a vertical
line. However, turbulence and shear flow effects vield a velocity gradient in vertical direction.
A logarithmic velocity profile (Fig. 4.5-1) according to Eq. 4.5-5 can be assumed:

=% (Eq. 4.5-5)

The velocity profile contains the depth-averaged flow velocity u in a distance of 0,63 times
the total water depth h below the water surface, which is ar y = 0.37 . Using a Nikuradse
equivalent sand roughness of k, = 20 mm, the flow velocity u, at the water surface can be
estimated to u. = 1.16 u. The velocity uy, at the river bed can be estimated with uy, = (.60 u.

— W=1160L

S
D63

uarn
h

/
| i 7/ 1
/
¥ ""..../ i w=hEU
: == =
Da

_T,@@i

Fig. 4.5-1: Logarithmic flow velocity profile
The effects of wind and turbulence generated by interaction of the channel flow with the flood

plains on the flow velocity profile can be neglected. Consequently the maximum flow
veloeity can be assumed to be located at the water surface as indicated in Fig. 4.5-1.
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4.5.,5 Critical Flow Velocity for Initiation of Motion

The eritical low velocity W, is a depth-averaged flow velocity that induces the initiation of
sediment motion. The u, depends on the local water depth and the subsoil (Ds.
cohesiveness).

Instead of a critical flow velocity a critical shear stress exerted on the river bed near the bank
can be used as a parameter 1o indicate a stable or eroding bank. The critical value of the
Shiclds parameter 8, based on shear stress varies between 0.03 and 0.1 depending on the
mean grain size Ds, of the riverbed and bank. Following the Shields approach, a critical depth
average flow velocity u. between (.22 and 0.4 m/s can be determined. However, this
approach is non-conservative because it holds only for uniform flow conditions and non-
cohesive sediment with uniform grain size.

Due to the constrictions (mainly the cohesiveness of the material), the critical depth-averaged
veloeity u., according to Shields has to be increased. From the experience, it is recommended
to use 0.4 m/s for shallow water and 1.0 m/s for deep water. The velocity uy, above the river
bed can be estimated with uy = 0.6 u (see Fig. 4.5-1), with the depth-averaged velocity u.
Consequently, it is assumed that the river bed motion is initiated if uy is between 0.24 m/s and
0.6 mfs.

4.6 OTHER BOUNDARY CONDITIONS
4.6.1 Floating Debris

In Bangladeshi rivers floating debris usually originates from water hyacinths and banana tree
trunks. In a groyne field, it can be assumed that floating debris piles up to a maximum depth
(design depth) of about 2 m below any water level at the most upstream groynes. In general,
the thickness of the layer of floating debris depends on the flow velocity in the channel.

The highest amount of floating debris can be observed during peak flows, because during a
peak flow new flood plain areas upstream form the groynes are inundated and these areas are
often covered by water hyacinths that start to float with the flow. This means that floating
debris can be observed when the water level rises above the flood plain level.

Two major effects of floating debris are known;

1. By accumulation against the permeable groyne, floating debris exerts considerable forces
on the constructional element, mostly piles. It is therefore recommended to avoid this
cffect by designing the top of the piles suitably below the design water level, This reduces
the load on the piles, while this reduction of pile height has onlv a small effect on the flow
velocities in the groyne field.

Additionally, the permeability of the pile row at the water surface is reduced. The
consequence is a redistribution of the approach flow velocity. Blockage of the permeable
groynes, will increase the flow velocities at the tip of the groyne, because more discharge
will pass through the channel. The increased velocities cause deeper scour holes.

ta
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Both effects are treated in the design of permeable groynes (see Chapter 6). At the upstream
termination of a revetment structure {loating debris does not need to be considered since it is
not expected to influence the flow velocities and subsequently the scour development along
the structure.

4.6.2  Ship Impacts

Major parts of the Jamuna river are not yet utilised for intensive inland waterway transport.
However, accidental impact loads to the most exposed groyne piles. such as ship impact (e.g.
caused by oil barges plying on the river) should be considered. Furthermore, permeable
groynes projecting into the river may present a danger, in particulur during high flood water
levels, for country boats, inland waterway vessels and bamboo/timber rafts navigating on the
river, Dependent on the location, safety marks at the groyne head should be provided.

Revetments and bed protections around or near ferry ghats may be subjected to additional
hydraulic loads caused by manoeuvring ferry boats. Ship propellers generate high jet
velocities in the column water, called “screw race” that may impinge on the bed or bank of
the waterway. Itis normally only a significant load at moorings or a ferry ghat where serious
seour on the bank face can result from a vessel starting from stationary or whilst manoeuvring
near the bank. As an indication of bed velocities due to the action of the propeller, an
additional flow velocity above the bed between 2.0 and 2.5 m/s is assumed. However, the
level of damage is proportional to both the screw race and the duration over which the screw
race is attacking the area. For taking appropriate consideration of this effect. the frequency of
manoeuvring has to be observed.

4.6.3 Earthquake Loads

Seismic aspects were: described in Chapter 1. The stability of the river banks and the
protection structure is affected by possible horizontal seismic acecleration. Its magnitude has
to be estimated decording to the seismic zoning map of Bangladesh.

4.6.4 Surface Loads

Surface loads on the protection structures will oceur particularly during the construction
phase. I[f heavy trucks and other large machinery are used, maximum acceptable loads must
be confirmed. For strategic stockpiling it is recommended to allow for a surface load on the
carth dam areas (except the sloped part) corresponding to a 1.5 m ligh stockpile of boulders,
On a reverment structure this load has to be assumed on the entire crest area.

4.6.5  Soil Conditions

Detailed subsoil investigations have to be carried out at the potential site location. The
evaluation of field samplings and laboratory tests presents finally the soil mechuanical
parameters in different soil layers:
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*  Relative density based on SPT n-values;
o Soil classification;
* Soil properties:

Y (kN/m")  unit weight

¥ (kN/m')  submerged unit weight

@ (%) angle of internal friction
¢ (kN/m®)  cohesion(kN/m?)
ks (m/s) coefficient of permeability

e Grain size distribution:

diy (m) grain size with 60% sieve passage
dsq (m) median grain size
dig (m) grain size with 10% sieve passage
u (9 coefficient of uniformity

U=dw/ dyy

The above soil properties should be somewhat conservative to cover variations of the subsoil
conditions.

From the experience from sites at the Jamuna river, the following tendencies are valid for the
soil classification:

(1) Close to the flood plain surface slightly cohesive soil stratum prevails up to a depth of
about 5 m on an average;

(i1) Below the upper layer loosely to medium dense deposited micaceous silty fine sand
exists until a depth of about 20 m, followed by

(iii)  Medium dense to dense silty fine sand. which can be assumed to prevail up toa depth
of interest for bank erosion prevention measures.

Despite the fact that the soil conditions along the Jamuna river may be considered somewhat
uniform, it must be a standard requirement for any structure to be built that for its final design
the soil properties are being determined on the basis of detailed subsoil investigations. In
addition the ground water table must be determined.

If data are not available, for SPS the conservative conditions presented in Table 4.6-1 may be
used as a first approximation.
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9

Flood Plain Level SLW
Below
Parameter to to SLW_5
SLW SLW —5m 08
Clayey sandy silt 1o Fine te medium
Soil classification silty sand: ‘sand, silty, partly Sand
(CL—ML) clayey (SM)
Grain size disinbution {mm)
den 0.03 100,09 0.1 1o 020 02010026
dey 0.02 to 0.07 0,091 0.22 00510022
dy 0.003 to (.03 | (04 1o 0.07 0.06 10 (LOS
’~ u: . - - I —— drﬂl
Coefficient of uniformity U == 310 10 Tiod T d
i
Coeffictent of permeability (m/s) - 3107
Angle of internal friction ¢ (") 2510275 275t 325
Cohesion ¢ (KN/m?) Tt 20 0
Umit weighusubmerged unit weight 184
1Y (kN/m*)

Table 4.6-1: Basic assumptions on soil properties (SPS)
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5 DESIGN OF REVETMENTS

5.1 GENERAL ASPECTS

A revetment is a structural protection against wave and current induced loads coverig the
existing river bank or an embankment. A sound knowledge and clear understanding of the
physical processes behind structural failures is required for 4 safe and economic design of
revetments. To allow also for consideration of economic aspects when designing a revetment
structure, it is essential to distinguish between different failure modes and taking into account
the respective frequency/ duration of the design loads (Chapter 4).

A revetment normally comprises the different lavers of a protection System, which is covering
a natural slope (subsoil) or an artificial dam (core material). A typical multi-layer design of a
revetment system is shown in Fig. 5.1-1.

Cover layer

Cushion layer
- Geo-textile
Core material & i 4  Baselayer

Fig. 5.1-1: Typical multi-layer revetment system

The cover layer must persist the assumed design impacts (mainly current and wave), whereas
the intermediate layers between cover and core material are required for drainage and filtering
to allow for a stable foundation of the overall system. Furthermore, in certain cases a cushion
layer is required to protect the geo-textile and a base layer which is used to level the existing
subsoil or core material.

However, a revetment structure does also include a toe protection and a crest layout. The toe
of a revetment structure requires special attention during the design, If overtopping by waves
or by flow is to be expected, the stability of the structure crest and the inner slope of the re-
vetment also needs appropriate protection.

In general, the stability analysis of a revetment should comprise the following general design
criteria:

 the surface of the individual elements of the cover layer should be sufficiently resistant
against abrasion by wave and current attack (surface resistance criterion)

* the slope normal weight of the revetment cover layer has to be larger as compared to the
uplift pressure caused by waves or resulting from excessive pore pressure (uplift criterion)
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e the revetment should be designed that no slides under frequent hydraulic loads oceur (slid-
ing criterion)

e the revetment including filter layers and subsoil must be stable as a whole (equilibrium
criterion)

These aspects are considered by the structural design of standardized protection structures
(pre-defined slopes. toe protection, ete., Section 5.2). The stability criteria for individual pro-
tection units are covered by empirical or semi-empirical formulae, which are based on stabil-
ity tests in laboratories and field, and allowing for a definition of the required unit weight or
layer thickness (as discussed in Sections 5.4 10 3.6),

5.2 LAYOUT CONSIDERATIONS

5.2.1 Design Concept

The design concept of the recommended reverment structures is strongly motivated by con-
struction constraints. In this regard, main focus was put on the construction of all revetment
components on the dry flood plain during off season. It is assumed, that all individual ele-
ments of the toe protection remain stable under the prevailing design flow and wave condi-
tions, but on the other hand, small redistribution of the material 1s of minor consequence.
With increasing scour depth in front of the structure, the toe protection elements start 1o pro-
ceed down the scour hole, thus protecting the river slope, which is estimated to be about
1V:2H in case of the maximum equilibrium scour depth. The minimum number of protection
elements to allow for a theoretical coverage, equivalent to a layer thickness of 1.5 D, (nomi-
nal unit dimension), is dependent on the bank normal slope length. To reduce the vertical dis-
tance towards the maximum developing scour hole in front of the revetment structure and thus
1o limit the amount of material needed, the horizontal datum of the toe protection is chosen as
low as possible (SLW +0.5m). For that redson a temporary cofferdam during construction is
advantageous, to proteet the uncompleted revetment structure against unexpected early floods.

Situation during
construction Cotfer dam

Stubilized underwater

slope aller scouring \\\

Fig. 5.2-1: Initial situation after construction and assumed profile development
due to scouring in front of the revetment (sketch)
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A basi¢ parameter to be dimensioned is the characteristic unit size or laver thickness of the
revetment armouring, dependent on the material to be used. Since the impacts from currents
and wave loads are forced by specific physical mechanisms, two different approaches for the
design against wave loading and against current induced shear stress are required. Dependent
on the prevailing conditions, the larger values computed by the given formulae should be ap-
plied for the design.

Nevertheless. it should be kept in mind. that wave attack is considered significant only for the
revetment cover layer-and some parts of the launching apron (i.e., components above SLW),
The falling apron is not susceptible to wave loads, because wave breaking at this position only
oceurs at lower water depth, which is limiting the expected wave height (restricted fetch and
water depth). In addition. moderate movement/ dislocation of single armour units is tolerable,
At the launching apron, wave loads might get important in case the elements of the falling
apron have already praceeded towards lower parts of the bank slope, thus exposing the
launching apron to larger water depth.

5.2.2 Length and Alignment

The length and alignment of a revetment structure unquestionably must be chosen in view of
the arca, which is to be protected against continuing bank line erosion. Nevertheless, some
general policies should be regarded with respect to structure costs: (i) due to the compara-
tively expensive structure terminations, a certain minimum bank parallel structure length
should be kept in the design (about 600 - 800m), whereas (ii). the maximum length should be
defined by analysis of the costs and benefits of the projected structure, which is dependent on
the socio-economic background of that particular location. Furthermore, the extend of the
structure is restricted by the construction capacity within a dry season period and by the fact,
that with increasing length of protected bank line, the possible negative impacts on the sedi-
ment balance at downstream locations niight also get more evident.

In context with the interference between structure and flow, the structure alignment (defined
as the angle between structure front and the course of the main river or of the approach chan-
nel) is also of importance. To reduce turbulences due to flow separation, it is in general rec-
ommended to arrange the structure at a slight angle (approx. 3 to 5 degrees) to a parallel line,
both, relative to a major branch and to the main river course (the downstream end of the struc-
ture is pointing towards the channel). Therefore, the recommended alignment will always
involye certain compromises regarding the optimum under different and often changing mor-
phological situations.

In particular for rivers with a wide active flood plain (AFP) and strongly meandering branches
(c.2., the Jamuna river) it can be stated, that a reverment structure should not be placed at lo-
cation too far from the peripherics of the AFP, because an excessive upstream embayment,
putting also the existing upstream flood embankment at risk, may be possibly followed by
loss of the structure.

h
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5.2.3  Terminations and Transitions

Despite a well-designed revetment, the construction is only as strong as the weakest section.
Therefore. special care is required for the design of any transitions, terminations and joints.
Special measures to limit the vulnerability of a revetment termination to erosion are crucial,
because erosion damages are often initiated at discontinuities between protected and unpro-
tecred reaches of a river bank. An extension of the revetment beyond the point of active ero-
sion is in general not feasible for budgetary reasons, especially at highly mobile meandering
or braided rivers. Hence, smoothly curved and sloped terminations at both ends of the strue-
ture are recommended, starting from the straight part and pointing away from the river (tip
about normal to the bankline, see Fig. 5.2-2). The slope and the radius of the upstream termi-
nation will also influence the development and extent of a potential upstream embayment.
which should be restricted to prevent from excessive scouring due to the inereased protrusion
of the structure.

Connaction to man
fiood embankment

Fig. 5.2-2: Typical revetment structure (plan view)

For that reason the mininum radius R1 should not be chosen smaller than 230 m and, il pos-
sible. to be extended to 400 m., whereas for the downstream termination a radius R3 of 100 m
to 150 m seems appropriate.

Though it seems advantageous to use only one type of cover layer from the toe to the crest of
a revetment, different materials and execution prineiples are usually applied for the different
components of the structure, such as toe protection and main protection in the area of heavy
wave and current attack. Joints and transitions between different sections should be avoided
as much as possible, in particular for different clastic and plastic behaviour and for differences
in permeability of the materials used. In case transitions parallel to the bank (and to the stream
lines) are inevitable, the discontinuities should be sufficiently protected by increasing the
cover layer thickness or by grouting loose cover layer ¢lements with bitumen/ cement to
minimize the risk of damages.
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53 CROSS-SECTION AND STRUCTURAL COMPONENTS

5.3.1  Cross-Section

The required height of the revetment structure crest is defined by the design high water level
(DHW, see Chapter 4) plus a certain freeboard, which includes other aspeets like wind set-up,
wave run-up and further safety margins (Fig. 5.3-1). Due to rather small differences in design
high water levels for return periods of 25 or 100 years (e.g., about 0.3 to 0.5m for certain loca-
tions at the Jamuna river), the respective increase in structure costs is limited. but has to be
assessed duning the planning process, The decision on the design water level should be risk
based. for exceptionally important locations (SC4) a high water level referring to a 100 years
return period is recommended.

Design crest level

7 (wave run-up) Design wave height

Wind set-up

Fig. 5.3-1: Definition of revetment design crest level

Following Saville (1958, in Shore Protection Manual, 1984) the relative wave run-up z/H of
comparatively short waves (about H/gT” > 0.008) at smooth | in 3 slopes can be estimated to
1.0 < z/H = 1.4. Dependent on the wave height distribution higher run-up should be expected
for the highest waves of the wave spectrum, whereas increased surface roughness and smaller
slope angles would reduce the wave run-up. For structure categories SC2 and SC3 a relative
wave run-up of 2/H = 1.2 is recommended, A wind induced water level set-up is considered
rather small in case of inland waterways but has to be investigated for estuaries.

The crest width has to be defined in terms of the overall structural stability (e.g. seepage) and
possible multi-purpose use of the structure crest (road, stockpiling of extra material, etc.), For
standardized revetment structures the crest width is given at a value of 4.5m, whereas the in-
ner and outer slope has to be build in 1V : 3H to allow for an improved sliding resistance and
overall stability of the structure.

The minimum distance of the revetment crest from the actual bankline at the beginning of
construction i§ defined by the expected bank erosion during structure implementation, the
width of launching and falling apron and of the coffer dam as well as by the horizontal datum
of the toe protection, which is affecting the length of the revetment slope (see Fig. 5.3-2),
Since the construction of all components is planned to be carried out in dry condition (approx.
SLW +0.5m) the horizontal datum of the toe protection is dependent on the topography of the
projected location.
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The core material (usually sand to silty/ ¢layey sand) is recommended to be taken directly or
nearby from the structure site, if the required quality is available (refer 1o Chapter 3). Prefera-
bly, the material from excavation of the toe protection area should be used. The revetment
crest should be protected by compacted khoa material to prevent from rain cuts and deteriora-
tion of the surface due to other impacts. For the inner slope (landward side) grass or reed
might be sufficient if the plants are properly attended and wave action or wave overtopping is
not being expected. A typical ¢ross-section of a standardized revetment structure is given n
Fig. 5.3-2.

Wis Wea

Fig. 5.3-2: Typical revetment structure (cross-section)

5.3.2 Cover Layer of Upper Revetment

The cover layer must provide protection against erosive forces of currents, wave action and
other external effects, Most important properties of the surface layer, which affect the interac-
tion between fluid (waves, currents) and structure, are

e Roughness: induces local friction and thus, is followed by reduction of flow veloeities and
wave run-up (surface of cover layer)

o Permeability: governs the witer exchange and pressure balance between the core and the
revetment surface (in context with filter layer)

o Flexibility: determines the ability of the revetment layers to accommodate minor deforma-
tions due to settlement, loss or migration of underlying material, and thus to maintain the
composite integrity of the revetment (composite layers)
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The stability of protection units against hydraulic and other loads is mainly defined by the
respective mechanical strength. the (submerged) weight of the units as well as the friction/
interlocking between individual elements and friction between the différent layers of a revet-
ment. Various elements and materials are used for cover layers including loose boulders and
blocks as well as mattress systems, asphalt layers, ete. For cover layers of standardized revet-
ments conerete cubes (CC-blocks) are recommended, which are resistant against various im-
pacts and have the advantage of uncomplicated manufacturing, possible prefabrication and of
being applicable for different structure components. The single layer CC-blocks should be
placed in an orderly manner, to provide a uniform weight on the filter-layer and the subsoil.

Fig. 5.3-3: CC-blocks used as revetment cover layer

5.3.3 Filter Layer

The stability of the cover layer strongly depends on the type and composition of the filter and
other intermediate layers (compare Fig. 5.1-1). Since the revetment layer system is acting as a
whole, instability of the sub-layers and/or the subsoil due to erosion can lead to failure of the
cover layer. The most important functions of a filter are

* to prevent from migration of subsoil particles out of the bank slope (filtering)

® to prevent from sinking of cover layer units into the core material (separation)

* toallow water exchange between core and surface in order to prevent from excessive pore
pressure during wave run-down and in case of rapidly decreasing water levels

The filter layer may also act as a drainage zone parallel to the revetment slope and provides a
preliminary protection of the structure core during construction. Furthermore, the filter mate-
rial must be capable to withstand possible conselidation (settlement) of the subsoil after con-
struction.

In general, either granular filters, made of loose, bounded or packed grains or fibre filters,
made of synthetic materials are used. A granular filter is formed by layers of grain of different
size according to the filter criterion, which relates the grading of the filter to that of the sub-
soil and of the cover material. Tt is necessary to check the filter uniformity to ensure that in-
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ternal migration of fines does not occur. Granular filters must keep a certain layer and overall
thickness to allow for a stable and efficient filtermg.

Appropriate fibre filters provide a relatively permeable layer, in which particles of the soil can
be retained without the risk of blocking or clogging the filter. Geo-textiles, containing the
maximum number of pores per unit volume are most suitable for this purpose. In contrary to
eranular filters, geo-textiles are capable of bearing certain tension stresses, which can contrib-
ute to the overall stability of the structure and is a pre-requisite. when applied as a sub-layer
for launching apron. where extreme deformations of the subsoil are expected, The usc of geo-
textiles allows for a considerable reduction of the construction time, but at present the mate-
rial needs to be imported {foreign exchange required).

5.3.4 Toe Protection

Toe protection is required in case currents and / or waves scour and undermine the toe of a
bank or an embankment, which are likely to result in sliding of the slope. thus endangering
the overall stability and function of the revetment. A widely used type of toe protection is a
blanket of loose material, a so-called falling apron, as CC-blocks, boulders, etc. (Fig. 5.3-4).
The material is placed over an arca of appropriare width and thickness in front of the em-
bankment or on the riverbed. It is assumed, that scouring of the apron starts at the most river-
sided edge and progresses towards the berm in front of the slope of the revetment. The indi-
vidual elements of the falling apron proceed down the developing scour hole and cover the
scour slope, forming a continuous carpet on the river bed (see also Fig. 5.2-1).

i B e ¥

Fig. 5.3-4: Random placed CC-bocks (falling apron)

An adequate quantity of CC-blocks has to be provided to ensure a complete protection of the
scour face, The required quantity depends primarily on the depth and slope of a scour, which
can be estimated at 1V : 2H in case of a fully developed equilibrium scour and a stabilized
slope. It is recommended to keep a sufficient reserve of material, especially in presence of
cohesive soil layers, where the slope might develop extremely irregular. At the river-sided
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edge of the falling apron, where strongest flow attack can be assumed, the largest block sizes
should be used.

This type of toe protection works quite well at rivers with predominant non-cohesive material.
However, in case of cohesive bed or bank material or alternate layers of non-cohesive and
cohesive soil, the loose material tends to fall directly onto the bottom of the scour hole, leav-
ing some areas of the scour slope unprotected. In this situation, it is recommended to use mat-
tresses filled with stones or boulders (Fig: 3.3-5) or cable conmected block mattresses
(Fig. 5.3-6). Therefore, for standardized structures a redundant system. combining both, loose
protection elements (falling apron) and inferconnected protection units (launching apron) arc
suggested.

Fig. 5.3-6:Cable connected in-situ built concrete block mattress (launching apron)

L
i
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54  DESIGN OF PROTECTIVE LAYERS

The methods given in the following Sections 5.4.1 and 5.4.2 can be used for dimensioning the
protective layer units of the upper revetment cover layer and falling and launching aprons,
respectively. In the given formulae loads from current and waves are considered, from which
the larger result must be used for dimensioning of the protective layers. For stone filled mat-
tress systems generally both, the matiress thickness and the nominal size of the mattress fill-
ing must be determined. For more specific information on the computation methods, refer 1o
Chapter 8.

54.1 Current Attack

The comparison of different methods regarding the caleulation of unit dimensions of revet-
ment cover layers and toe protections (e.g: PIANC, 1987, Pilarczyk, 1990, Escarameia, 1992,
FAP21. 1993) show only marginal deviations within the range of application for the rivers of
Bangladesh. Therefore, the widely used Pilarczyk method (1990) may be recommended, be-
cause it includes the turbulence intensity by an empirical coefficient (yet merely in a very
rough and qualitative way), still kecping a certain practical simplicity, It was initially devel-
oped from laboratory and field tests mainly on rip-rap, but, introducing coefficients consider-
ing the specific properties of different protection layer materials, also allows for the applica-
tion on other types of revetments. The general formula for the design against current loads is
given by

(Eq. 54-1)

where
D, (m) characteristic size of the reverment cover layer material (single unit size for

loose elements, thickness of mattress systems)

i@ (m/s) depth averaged flow veloeity; if replaced by up = 0.6 # (theoretical bottom flow
veloeity for a logarithmic velocity profile) a value of Kj, = 1.0 must be apphied

A (£) relative density of submerged material = (pe- Py )/ P

¢ (nv/s?) acceleration due to gravity (= 9.81)

Psc (=) stability factor for current

Yo (-) critical shear stress parameter

K, (=) turbulence factor

Ky (=) depth factor, dependent on the assumed velocity profile and the water depth
to equivalent roughness height ratio:

8 | : )
Kp=2 [Iug AR —‘ with &= D, for relatively smooth material
Lk, )]
Il s 2
K. (=) bank normal slope factor K = | 1-] b_m £
(LILES )

neglecting the longitudinal slope of the bank or strueture, which is reasonable
for Bangladesh rivers and a conservative assumption

w (%) slopeangle of bank or structure

e, (°)  angle of repose considering the material specific internal friction
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For calculation of the required thickness of stone or brick filled mattress systems or other in-
terconnected units the relative density (1-n) Ay, considering the volume of the voids between
the individual filling elements, must be applied instead of A, The percentage of voids in the
mattress fill and between interconnected blocks can be estimated to

n=04 for stone filled mattresses
n=0.15  for brick filled mattresses
n=0.1-0.3 for cable connected block mattresses

The minimum thickness of stone filled mattresses should not be chosen smaller than 1.8 D3y
(with Dsy= D,/0.85) or than |5 em. Besides the stability of the whole mattress, the weight of
the individual stones should be sufficient to prevent from excessive movement and thus loads
on the wire mesh material. The required nominal diameter D+ of the filling material can also
be caleulated by Eq. 5.4-1, taking the respective stability coefficients for mattress filling (A,
@sc. Yers £5) into account. The recommended grading range of stone or rock material for rip-
rap revetments and mattress filling. related to the Wsg-value (defined by Wsy= (D_m)afps) 5
given in Fig, 5.4-1. The minimum size of the stones must be larger as compared 1o the width
of the wire mesh material.

100+

50+

% greater than (by weight)

w ! Stone weight ——>
50 miin (as found from stability formutae)
Fig. 5.4-1: Recommended grading range of stone filling for rip-rap and
mattress systems (adapted from PIANC, 1987)

The range of the other coefficients used in Eq. 5.4-1 is given in the following tables. The pro-
posed type of protective layer element/ material and the suggested assumption regarding the
existing design conditions for structure categories SC2 and SC3 are marked with grey shad-
ing. The decision on the cover elements recommended for the standardized structures do not
base on stability reasons only. but consider also construction constraints, available quality and
cconomic aspects as discussed in Chapter 2. Nevertheless. if certain materials or required
equipment is not at hand, alternative solutions must be chosen.
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. ; K, |- K, [-
Turbulence intensity GabiL\ns.lhlu;liltrcsses Lll%Eer]s
Normal turbulence in rivers 1.0 1.0
Non-uniform flow with increased
turbulence, mild outer bends 1.0 15
High turbulence, local distur-
bances, sharp outer bends 1.0 20

Table 5.4-1: Turbulence Intensity Factor K (Current)

[ Angle of Density of Recom-
Revetment type repose protection mended
& 1% material application
Cover layer Filter material o, [kg/m'|
Randomly placed. broken rip-rap Geo-textile 20 2600 R.FA
and boulders Granular 25
CC-blocks, cubical shape, ran- Geo-textile 3 1980 FA
domly placed in mulu-layer Granular 35
CC-blocks. cubical shape, hand Geo-textile 20 1980 R
placed in single layer chess pattern | Granular 25
CC-blocks, cable connected Geo-textile 20 1980 LA
Granular 23
Wire mesh mattresses Geo-textile 20 *) R, LA
Ciranular 25
Gabion/mattress fillings by stones 45 2600

*) Dependent on fill material: stones: 2640 ke/m', bricks: 1800 ke'm’

Table 5.4-2; Angle of repose &, and density p, for various revetment cover layers

Reverment type Stability factor ¢s Critical shear stress
3 Continuous Exposed edges, | parameter (Shields)
Cover layer ¥ S
: protection [-] transitions [-] Ve (-]
§ ly placed. Ip=Fap 2 5
Randomly placed. broken rip-rap and 075 15 0.035
boulders
(leio_cks. uub!cal shape, randomly 0.80 1,50 0035
placed in multi-layer
(6(8 —hlufka,. cubical shape, hand 065 | 35 0105
placed in single layer chess pattern
CC-blocks. (cable connected) 0.50 110 0.06
Wire mesh mattresses/ gahions 0.50 1.00 0.07
Gabion/mattress fillings by stones 0.75 1.5 0,09

Table 5.4-3: Stability factor ¢se and Shields parameter ., for various cover materials

e
1
2
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54.2  Wave Attack

Also for wave induced impacts on armouring units, several theoretical calculation methods
are available for the design. Due to the various input parameters involved in the different
methods a direct comparison is rather difficult. The more universal formula by Pilarczyk
(1990) allows for ealeulation of different structure components and includes the breaker type
specific dynamics of the wave impact by introducing the breaker similarity index &, The
minimum dimensions for the stability of the cover material under wave attack can be deter-
mined as follows (Pilarczyk, 1990):

”s ‘:h

AV, 0y vt Eq. 5.4-2
A, W, @y cose (Eq )

where
Dy, (m)  characteristic size of the revetment cover layer material (single unit size for
loose elements, thickness of mattress systems)
He  (m)  significant wave height
An (7} relative density of submerged material = (ps-pu )/ pu
g (m/§) acceleration due to gravity (= 9.81)
Osw (-} stability factor for wave loads
W, (=) system specific stability upgrading factor
a (9 bank normal slope angle
1957,

JHs
Tw (8) mean wave period
b (9 wave-stricture interaction coefficient. mainly dependent on roughness and
porosity of protective material

& wave similarity parameter= tana -

The wave similarity parameter determines the type of wave breaking, which is decisive for the
actual wave impact, The formula is restricted to values £, < 3 and cot o0 > 2, i.e. to plunging
breakers, which generate high local pressure heads. Otherwise overestimation of the unit size
is likely, because the dynamics of the breaking process are diminishing.

As for the design against current attack, the required thickness of stone or brick filled mattress
systems must be calculated on basis of the relative density (1-n) Ay, considering the volume
of the voids between the individual filling elements. Values for n are given in Section 5.4.1,
The nominal dimensions of the fill material can also be computed by Eq. 5.4-2, taking the
respective stability coefficients for mattress filling (An, Gsw, W) into ac¢ount. The minimum
thickness of the mattress as a unit should be larger than 1.8 D,

The material and armour layer unit specific coefficients to be applied for the design against
wave attack are summarized in Table 5.4-4,
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Stability factor for | Stability upgrading | Interaction
Revetment type incipient motion factor coefficient
bsw [-] Y [-] b[-]
Randomly placed, broken rip-rap 225-3.00 10— 1.33 0.50
and boulders
. " 225-3.00 133~ 150 0.50
domly placed in multi-layer
cC —hlnlcks,. cubical shape, hand 395 150 067
placed in single layer chess patemn
CC-blocks, (cable connected) 2.5 180 0.67
Wire mesh mattresses! gabions 2,25 2.50 0.50
Gabion/mattress fillings by stones 2.25 2.50 0.50

Table 5.4-4: Coefficients for the design of various cover matenials against wave attack

5.5 DESIGN OF FILTER MATERIAL

551 Granular Filter

The properties of granular filters depend significantly on the particle size. The filter criterion
relates the grading of the filter to that of the subsoil. If the filter also has got dramage func-
tion, it is necessary to check for filter uniformity to ensure that internal migration of fines
does not oceur. Various authors have developed minimum filter requirements. Pilarczyk
(1990) defined the following eriteria regarding the relation between characteristic grain sizes
of the subsoil D, and the filter Dy.

Disp< (4 to5) - Dgse  (stability eriterion)
Dysr> (410 5) - Dys,  (permeability criterion)
Dsgr= (20 t0 25) - Dsy. (segregation criterion)

s il
C,=—2<10 (no migration)
Dlil
(' = Df-u - ‘JU y 5 =
et (susceptible to migration)
|

with
C,(-) eoefficient of uniformity
D, (mm)diameter according to x % undersize by mass taken from grain size distribution

To achieve the required filter ¢haracteristics it might be necessary to use more than one granu-
lar layer. In that case the filter has to be built in successively coarser layers starting from the
underlying soil. The first layer must retain the base material, whereas the outer layer must be
stable against the revetment armour layer. The minimum thickness of any granular filter is
normally taken as 2 to 3 times the maximum particle size for each layer, maintain a minimum
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overall thickness of the granular filter of 150 mm. Wherever practicable, the granular material
must be carefully compacted to minimize settlements.

552 Geo-textile Filters

The main design parameters for geo-textile filters are the retention criterion and the perme-
ability enterion, which define the capability of the material to retain the existent sub-soil
without clogging and to allow unhindered watcr transport trough the membrane. Besides the
required functional characteristics of the geo-textile in context with the existing sub-soil prop-
erties, certain stability standards must be considered, which have to be defined with respect to
the planned use and which might have further implications on the construction techniques to
be employed. Specific properties of geo-textiles are available from product sheets of the re-
spective manufacturers, In Chapter 8 minimum standards of geo-textiles recommended for
different segments of standardized structures are given, which were defined following the
PIANC method (1987). The PIANC design procedure involves the following steps (Fig.
5.5-1)

(1) Determination of the range of the grain-size distribution

The grain-size distribution curve must be determined following international standard regula-
tions, to allow for ealculation of the various design parameters. Due the fact, that the filter
characteristics of geo-textile are mainly influenced by the fine compartment of the grain-size
distribution (grading curve), the PIANC-method categorizes the soil by the sereen fraction
smaller than 0.06 mm grain size, Typical grain-size distributions for different soil categories
A, B and C are given in Fig. 5.5-2,

Delermine the range of the —— .
wrain-size distribution of the
soil- A, Buor C

Specify Ou vsmg
soil rotention criteria

Specify permeability deépending
on type of geo-textile

Assess sasceptibility
of soil to down-slope
migranon

NOT SUSCEFTIBLE EXTREMELY

SUSCEPTIBLE

I

Intermediate Soil Condition Provide geo-textile and granular sub-

Provide geo-textile

Check strength, durability etc, of
selected geo-textile

the engineer must use his experi-
ence and judgemment for seils: lying
between the twe exmreme cases

laver OR
gev-textile and coarse fibre layer

I

Check strength. durability etc. of
selected geo-textile

Fig. 5.5-1: Design procedure for a geo-textile filter (adopted from PIANC, 1987)
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Fig. 5.5-2: Typical grain-size distributions for different soil categonies (PIANC, [987)

The soil categories for the geo-textile filter design are classified as follows (Fig. 5.5-2):

Range A: 40 % or more of the soil particles are smaller or equal to 0.06 mm
Range B: 15 % or less of the soil particles are smaller or equal to 0.06 mm
Range C:  between 15 % and 40 % of the soil particles are smaller or equal to 0.06 mm

(2) Design for soil retention

The capacity of a geo-textile in terms of soil retention is charucterized by the effective opening
size Oy which is defined by the equivalent diameter of a grain fraction which is retained o 90
%4 by the filter mat in a sieving test, This value is normally provided in the product information
sheet provided by the manufacturer. The soil retention is strongly influenced by the dynamies of
the impact, therefore different regulations are given for moderate stationary current and for
potential highly dynamic hydraulic loads (e.g. wave impacts). The minimum requirements for
the geo-textile filter to be considered for dynamic load conditions, characterized by high
turbulent flow and wave attack, are specified in Table 5.5-1, The given retention criteria are only
applicable for Oy values determined by the wet sieving analysis as defined by Swiss standard
SN640550.
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Grain size range Retention criteria
A Ogp < duy *)
< 10ds

(amount of fines < 0.06 mm larger

than 40 %) & Rk
B D < 1.5 dm \l'lf__“
(amount of fines < 0.06 mm smaller < dap
than 15 % < (35S mm
C As range B

(fines < 0.06 mm between 153% to
40%)

*) if the soil exhibits long-term stable cohesion, then Oy = 2 dug 15 applicable

Table 5.5-1: Sail retention critena (adopted from PIANC, 1987)

(3) Design for permeability

The geo-textile filter must maintain a long-term permeability equal or larger than that of the
prevailing soil. Shortly after installation a reduction in the fabric permeability due to clogging
and blockmg will oceur, which depends on the pore structure and thickness of the matenial as
well as on the grain structure of the soil, In general, the permeability of the geo-textile matenal is
acceptable if

N ke 2k (Eq. 5.5-1)

with
n (-) material specific reduction factor
k. (m/s) permeability of the geo-textile
k. (m/s) permeability of the soil

If k; is not available from laboratory tests, it can be approximated by the empirical relation
(Hazen, in Tomlinson, 1996):

k=0.0116-D7, (Eq.5.5-2)

The reduction factor 1 for needle-punched and other non-woven fabrics thicker than 2 mm
(measured at a normal stress of 2 kN/m’) is defined as a constant:

'~n|".
=3
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(4) ldentification of soils susceptible to down-slope migration

The migration of soil particles underneath the peo-texiile filter layer by gravity induced down
slope water transport (e.g. rain water or wave run-down) is apparent particularly in soils with
fine, but non cohesive material (hence, mainly grading range A and B). Therefore, a distinction
between soils susceptible to down-slope migration and those not susceptible can be related to
grain size, permeability and cohesion of the existing soil sub-layer (revetment core). Soils
susceptible to down-slope migration are in general characterized by the following conditions:

grain size . a considerable amount of fine material with d < 0.06 mm and more
than 50 % of the soil ranging between 0.02 mm < d < 0.1 mm

Cu = di/dyy <15 ¢ coefficient of uniformity (conservative estimate based on practical
experience; for larger C values normally a secondary filter will
establish)

I, =wL-w, <015 :  limited value for plasticity index. The plasticity index is defined as the

difference between the moisture content at liquid limit (wy) and the
moisture content at plastic limit (wy,) If T, is not known, the following
criterion which relates the weight of the clay fraction to the weight of
the silt fraction may be used for preliminary design:

Wi < 0002
(ef < 0.002 ) <05

ufi].l]lﬂ s <ol < (006}

The above given conditions allow only for a rough estimation regarding the risk of down-slope
migration processes at certain subsoil properties. For consideration of additional influencing
conditions (see also paragraph (5) below) and site specific factors, an experienced soil mechanics
engineer should be consulted.

(5) Counter measures against down-slope migration

Down-slope migration of soil particles undemeath a geo-textile filter can be prevented by
incorporating a granular sub-layer between the peo-textile and the cover layer (thickness of
approx. 300 mm), which should be fine enough to provide an adequate damping effect and
coarse enough to be retained by the cover layer.

Furthermore, the surface of the soil undemeath a geo-textile can be stabilized by special
composite geo-textiles, providing a second, relatively thick layer (minimum of about 5 mm) of
coarse fibres attached to the back of the geo-textile filter, The required physical properties of the
synthetic coarse layer are dependent on the soil grading range (Table 5.5-2). As an alternative to
increase the slope stability, a heavy weight cover layer, which is reducing potential uplift forces
caused by excess pore water pressure, can be apphed.
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Characteristics Range A Range B

of coarse layer Grading curve Grading curve
effective opening size Oy 0.3=<0y< 1.5mm 0.5 < 0y < 2.0 mm
thickness of geo-textile t,, S<te<I15mm F<1, =20mm

Table 5.5-2: Minimum standards of the coarse layer (PIANC, 1987)

5.6 DESIGN OF TOE PROTECTION

Taking into consideration the possibility of prevailing non-cohesive and cohesive soil mateti-
als (soil stratification), for standardized structures (SC2 and SC3) a redundant system, com-
hining loose protection elements (falling apron) and interconnected protection units (launch-
ing apron) is recommended. The suggested protection elements are cable connected conerete
hlocks or stone filled cable connected wire mesh mattresses for the launching apron and loose
concrete cubes for the falling apron. The actual dimensioning of falling and launching apron
is interrelated, therefore the given method is based on the combined implementation of both
components.

The design concept regarding the toe protection of standardized revetments bases on the
objective to build all structure components on the dry fluvial plain. In general, the design
implies, that the scouring and undermining process of the developing scour hole in front of the
structure initiates the deformation process of the toe protection. At the estimated maximum
scour depth, the falling and launching apron is assumed to cover and stabilize the bank sided
river profile, preventing from further erosion of the embankment.

After completion of the construction works the toe protection must remain stable under the
existing flow and wave conditions during monsoon season (water levels higher than FPL).
The most important concern is, that no larger part of the material is transported in flow diree-
tion. However, the flow velocity above the falling apron (initial situation, compare Fig, 5.2-1)
during monsoon season is reduced due to the relatively small water depth and the large rough-
ness of the armour. Moreover, wave activity is assumed to show insignificant influence on the
efficiency of the falling apron (slight rocking and smaller dislocation is acceptable). On the
other hand, wave loads should be given more consideration, where relatively frequent wave
action is prevalent (river stretches with large fetch and high wind veloeities, estuaries, etc.).

Subsequent to the articulation and reformation of the material along the scour slope., the
elements must be able to persist shear stresses of the existing current. At this location the depth
averaged design flow velocity uy,. can be approximated by the hydraulic design velocity e
For that situation wave impacts are rather unlikely.

Besides these remarks concerning function and safety aspects, the dimensioning of the proposed

scour protection blankets is based on the following assumptions regarding the final (articulated)
situation:
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e a berm (safety margin) remains in front of the upper revetment (between toe of the
embankment slope and the assumed edge of the maximum (equilibrium) scour),

o the profile of the stubilized scour hole will develop at a slope of about 1V : ZH:

. a theoretical block layer of 1.5 D, (without voids) is sufficient to allow for the coverage
and stabilization of the scour slope.

5.6.1 Dimensions of Launching Aprons

The design of the recommended mattress and cable connected concrete block systems can be
derived from the formulae given regarding current and wave attack in Sections 5.4.1 and
5.4.2. Tt is recommended to place the launching apron units on a heavy géo-textile as defined
in Section 8.4. Both, the geo-textile mats and the interconnected cover units need a sufficient
anchoring at the toe of the upper revetment, i.c. a dead man preferably made tfrom steel, with a
minimum length of 410 3 m,

The required cable dimensions and properties for cable connected concrete block systems are
given in Chapter 8 and the Design Plates, The width of the launching apron should be chosen
10 W 4= 20m for standardized protection structures of category SC2 and SC3.

56,2 Effective Volume and Dimensions of Falling Aprons

The required size of individual CC-blocks can be computed by the formulae given in Section
54, It is recommended to apply a minimum block size Dy = 0.3m. Following the assumptions
made for the calculation of the minimum volume required to cover the expected equilibrium
(maximum) scour hole, a geometrical solution based on the scour profile and multiplied by a
safety factor can be applied. The required volume Vi of a scour protection blanket per metre
bank line can be estimated to

VEa=15-D;, \,"'; Yii.* CEA (Eq. 5.6-1)
with

Via (m*/m) Volume of falling apron per linear metre protected length

D, (m) block size (1.5 D, is the proposed layer thickness after seouring without
voids)
yar  (m) vertical distance between base level of falling apron at time of construction

and deepest point of the expected design scour hole

Cex (5 flow attack coefficient : 1.50 (moderate flow attack)
' 1.75 (strong flow attack)

The term 5+ y o deseribes the simplified area of the landward scour profile in m/ linear metre,
assuming a 1V in 2H stabilized scour slope (see also Section 5.3.4). The recommended
construction base level of the falling apron is set at SLW +0.5m, in case this precondition is
modified due to other site specific reasons, it must be taken into account in the computation of
the required material quantity. The design of 4 typical falling apron design is schematically
shown in Fig. 5.6-1.
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The width of the falling apron should be chosen to 70 to 100% of the distance yup between
expected deepest point of the scour hole and the level of the scour protection elements during
construction,

Wrg= 0.7101.0-yq (Eq. 5.6-2)

Via
s DHW SLW +101,5m or base
=== level at construction

dy

T Wi
s Ty 4 WL.". i FA >

Situation during
construction

Estimated depth of
scour hole

Fig. 5.6-1: Geometric properties of a typical falling apron for
standardized revetments (schematic)

Under the given assumptions, the theoretical thickness of the falling apron dis (without voids)
follows from Eq. 5.6-1 and Eq. 5.6-2 to approximately

dpy= 501085 Dy (Eq. 5.6-3)

The actual thickness of the falling apron material during construction is larger, because of the
voids between the individual CC-blocks. Nevertheless, it is recommended to dump the blocks
to form a mound, rather than to place the elements in rows or columns, because it is assumed
that the articulation of the falling apron is improved. The minimum thickness of the falling
apron should be larger than dya= 3 D,,, whereas the maximum thickness is dependent on the
construction technique used (manual labour or mechanically placed) and the maximuni toler-
able load on the existing sub-soil.

To control the guantity of material to be provided for the designed falling apron width Wea,
the number of blocks per linear metre of protected length can be calculated by

V &
n=% (Eq.5.6-4)
Dy
In case, reliable construction techniques for under water placement of toe protection material

during high flow velocity conditions are at hand in the country in future, the same approach as
given in this Section can be used. The under water construction has got certain advantages
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due to the smaller flood plain area involved for the structure implementation. Because of the
considerable length of the under water protective blanket (Fig. 5.6-2), which is expected 10
remain stable at the design hydraulic and morphologic boundary conditions, the material
required for the actual falling apron is much smaller. On the other hand the total amount of
placed protective materials in both solutions is about corresponding.

57 DHW

~----:.47‘-‘"’*"%,—--\.-.—.-

Base level of toe
pratection al time
of construction

Situation during
construction

Estimated depth of
seour hole

Fig. 5.6-2: Toe protection of a revetment for under water construction (schematic)

DECEMBER 2001



DO >

6 - DESIGN OF PERMEABLE GROYNES

6 DESIGN OF PERMEABLE GROYNES

6.1 GENERAL ASPECTS

The behaviour of individual groynes or groyne fields has been subject to numerous research
studies in field and laboratory. At present, still many different types are built all over the
world (refer to Chapter 2), and optimal properties seem to depend to a large extent on the par-
ticular site conditions. Normally, a conceptual design study has to be carried out to find a so-
lution, which is expected to be optimal. In general, groynes are built at straight sections or at
concave bends (outer bank) of meandering or braided rivers. A groyne field consists typically
of a series of impermeable or permeable or a combination of impermeable and permeable
groynes. Only in exceptional cases groynes are also built as single structures.

A brief multi-criteria assessment of advantages and disadvantages regarding different grovne
types is given in Table 6.1-1. Considering the experience with the very particular situation at
the major rivers of Bangladesh, certain restrictions to the layout seem appropriate to cope with
the vulnerability ‘against scouring of the river bed and with the prevailing huge sediment
transport rates. In case impermeable groynes are constructed, a substantial volume of toe pro-
tection is required to stahilize the structure induced scour, especially at the head of the im-
permeable groyne. In contrast to this, an advantage of permeable pile structures is, that they
can be installed partly under water, which reduces the space required for construction. From
this point of view, the implementation of permeable groynes is recommended for bank protec-
tion measures. Permeable structures can be categorized as active measures, because the im-
pulse flux of the water mass is reduced by internal and external friction, when passing through
the structure gaps. A typical layout of a permeable groyne is shown in
Fig: 6.1-1 and Fig. 6.1-2.

Permeable groynes generally consist of one or several rows of timber piles, steel piles or rein-
forced concrete piles, which must be designed to resist the expected hydrulic loads and addi-
tional forces induced by floating debris and ship impacts. Nevertheless, ship impacts are not
considered in the design methods given below for structure categories SC 2 and SC 3. Due to
the long lever arm, these exceprional forces would result in substantial overdesign. At rivers,
where more frequent vessel traffic is apparent, additional reinforcement and fendering of the
most river-sided piles is required. The application of timber piles is restricted to rather small
channels with low water depth (structure category SC 1) and are not discussed in this hand-
book.

Subsoil investigations and determination of the characteristics of the different layers are part
of the preparatory works. Soil parameters such as specific weight, angle of internal friction
and degree of cohesion are required for the determination of the embedded length and proper-
ties of the piles. The type of soil and its density are also decisive for the selection of a suitable
piling techniques.

In case an impermeable groyne Section at the structure root (to be constructed on the dry flood

plain) is required, the transition between impermeable and permeable sections have to be
thoroughly designed especially when higher flow velocities are expected in this area. A grad-
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ual slope of 1V:5H or less at the head of the impermeable section and an adequate scour pro-
tection blanket should be provided, because flow separation might result in severe large eddy
formation and strong retum currents.

Impermeable Groynes Permeable Groynes
Eurth Cofferdams Steel Piles Concrete piles
Multi-Criteria-Aspect = 5 %
P Dams Steel | Concrete Pre cast In situ cast
sheet sheet
piles | piles
1. Susceptibility against impact loads
Vulnerable fo unexpected hydra- .
ves yes Yes nu nu i
li¢ Juads
Vulnérable to unéxpectéd scour- ;>
i SRS g Timited ! limited ' Timited ! i T vies
smuoth transition between 1m- : not appli-
hmited Timited fha fiiL i
permeable and permeuble section cable

2. Local availability of materials and skill

Sutuble for Bungladesh contruc-

uvailuble avinlable available yes yes Vs
lurs
Avatlability of material in Hang- ’
: ¥ ' = yes yis Yo producible produnile available
ldesh :
Suitable for strategie matenal : n " yes
stock-piling yes yes ! yos =" yes yes (basic mite-
Fials)
Specialised skills mle fabrication, welding
nu sheet pile mstulluno und large digmeter pile nu
installution
AL Pussible constriints during construction
alls . " ’ limited by pussible el
Iastallation on the Nood plain yes yos Y4 el i
. driving depth
Iristillation mio the rver under o
= it} limited Limited ey ves o
muderate flow conditions L
Site mobilisanon nime ]
; depends o aviilabiling of
Cimnimum period required pror shiort short Short 3 shirt
miting equipment
to etunl start of the construction) |
[nstallation ¢ Constriction time moderite l el riate misderite short shart mirderate
4. Adapuability after completi
Aduptabubty to speeific local ; : imipossible,
= compli- compli-
condinons (e, for repair or o cusy ek atod A8y cusy piles must
: calee cate
wecommodite river response) | ) be replaved
5. Soclo-economic value
Jobs opportunitics and participa-
tivn of local populution during ligh aood Giood Tow lunw maderate
construction

Table 6.1-1: Comparison of different groyne types for bank erosion protection measures
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Fig. 6.1-1: Typical permeable groyne (cross-section)

I

|

Fig. 6.1-2: Typical permeable groyne (plan view)
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6.1.1 Overall Length, Alignment and Terminations of Groyne Fields

The general implications regarding the overall length, alignment and terminations are very
similar 10 those of revetments. However, the structural layout of a groyne field bears a sub-
stantially larger number of possible variations of different structure components due to the
strong interference between the most important characteristic properties (porosity, spacing,
individual length, etc.). As for revetment structures, a connection between groyne field and
the main flood embankment is mandatory unless the groynes are direetly connected to it

The standard layout of a groyne field consists of a central section with a series of at least 3
groynes similar in composition and length plus an upstream and downstream termination with
shorter groynes (with decreasing length), in order to cope with a possibly developing up-
stream embayment and o smooth out the transition berween protected and unprotected reach
downstreamn from the groyne field (sce Fig. 6.1-3). At the same time, shorter upstream groy-
nes restrict the hydraulic loads acting on the longer groynes in the central section,

In some cases the local situation might require specific solutions.

Permeable
graynes

Flow direction

Bankline

Upstream Central Downstream
termination section termination

Fig. 6.1-3: Schematic layout of permeable groyne field

6.1.2  Permeability of Groynes

The permeability P of a groyne is defined by the ratio of open (non-blocked) area to the total
arca, which can be expressed by the quotient of internal width s and the distance e between
the axis of two adjacent piles (P = s/¢, see Fig, 6.1-4). In general, keeping the same target
permeability, larger pile diameters are considered more economical as compared to smaller
diameters because the material quantity and the construction time is reduced. Physical model
tests substantiated the fact, that the functional cfficiency of single-pile-row-groynes using
relatively large pile diameters (1.0 m to 1.4 m) is similar to twin- or triple-pile-row-groynes
with smaller pile diameters of 0.5 m 10 0.7 m for identical permeability of both groyne struc-
tures, A minimum permeability of P'= 0,5 (50%) should be kept for constructional reasons
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(increased pile-driving resistance). If lower values are required, the groyne might preferably
be constructed m two neighbouring rows in the respective parts,

PR P
O f ’ "‘—-—pllc ! :. i o ——
s / i{’
7‘%44 'f { [ 1Ley
! !‘ ‘ M;:;-'-..ﬂlRY.
e
W
\._t-\ N
W \.::\. —
fig. 6.1-4: Definition of groyne permeability "> TAT-

The optimum permeability of a groyne is dependent on various boundary parameters (flow
velocities, local wrbulence, grain size distribution, ete.) and is strongly interrelated with struc-
tural conditions of the groyne field (number and length of groynes, spacing in flow direction).
The design of the groyne must allow for an efficient reduction of flow velocities along the
groyne axis, to prevent the river bank from undermining. This calls for a low permeability. On
the other hand, with increasing the permeability of a groyne, the effects related to flow separa-
tion and large eddy generation (followed by return currents) and thus, local scouring at the
groyne head, are considerably reduced. Furthermore, construction costs can be limited.

In order to achieve a most gradual transition from the non-blocked to the partially blocked
river cross-section and to ereate a more or less constant flow resistance from the head to the
root (allowing for bank parallel flow lines), it is recommended to decrease the permeability of
the groyne towards the embankment. The following pile arrangement (Table 6.1-2) is recom-
mended for standardized groyne structures (SC2 and SC3). For the ease of construction, the
total groyne length L may be divided into 4 sections of equal length with a constant permie-
ability cach.

Section Permeability (%)
First pile near the embankment (groyne root)
0.00 100,25 Lo 50
.25 to 01,50 Lg a0
0.50 10 0,75 Lg 0
0.75 10 1.00 Ly &0
last pile in the river (groyne head)

Table 6.1-2: Recommended pile arrangement of a permeable groyne

Also groynes with randomly distributed permeability along their axis have been executed in
the past and have shown good results. However, it has to be kept in mind, that an effective
reduction of the flow veloeities near the bank is a main goal of groynes. Therefore. large per-
meabilitics (P > 60 %) in this area should be avoided. With r'cspéct to optimise the permeabil-
ity distribution along the groyne axis further systematic field and model studies are strongly
recommended.
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6.1.3  Orientation of Groynes

The deviation of the streamlines is mainly dependent on the structure induced blockage of the
flow cross-section, which can be described by the length and permeability of the structure in
relation to the geometrical channel propertics, Consequently, for permeable groynes the actual
shape (jockey head, ete.) of the groyne and the angle between groyne axis and bank line is of
rather small importance as compared to impermeable spurs. Taking also into account the ex-
pected vanations in the approach direetion of the critical channel during the subsequent years
after construction, it is economical (because Lg = Lg o refer to Section 6.2.1) and appropriate
from the hydraulic point of view, to implement the individual permeable grovnes in bank
normal direction (90%).

6.1.4 Crest Level

In order to restrict the hydraulic loads (currents, waves and floating debris) at higher water
levels, groynes may be designed as submerged structures (during peak discharges). This
would increase the durability of the structure and require considerably shorter embedment
lengths, Nevertheless, slightly higher flow velocities near the bank line would have to be ex-
pected in that case.

Floating debris transported by the river, dominated by clusters of water hyacinths, banana
trunks and other material can become significant for the structure stability. For example, a
maximum area of floating debris of about 10,000 m” with a thickness of up to 2 m is expected
to oceur frequently in the Jamuna river. The largest amount of floating debris can be expected
during or shortly after peak flows, because flood plain areas upstream from the groynes are
getting inundated, washing away parts of the existing vegetation and other material. In gen-
eral, the thickness of the layer of floating debns increases as the flow velocity in the channel
increases,

Floating debris trapped by the piles will influence the blockage and subsequently the scour
development downstream from the groyne. To reduce the influence of floating debris at high
water levels, the groynes can be designed with a negative freeboard, Le., they act as slightly
submerged proynes, allowing the debnis to float just above the crest of the piles. A compro-
mise is given by designing a variable crest level along the groyne axis to keep the functional
efficiency and reduce negative effects by trapped floating debris. However, towards the
groyne root, the crest level of piles should increase o meet the elevation of the embankment.
In case of partly or completely submerged groynes (during high flood level) the installation of
navigation signals at the grovne’s head is obligatory.

6.1.5 Main Flood and Secondary Embankments

Dependent on the local situation, the planned groyne field should be built directly in front of
the BWDRB main Mood embankment, or in front of a new secondary embankment, which is
restricted to the overall length of the groyne filed (including terminations). Analogous to re-
vetment structures, the secondary embankment must be connected to the main flood embank-
ment by an earth dam. Due to the fact, that, in contrast to flood embankments, a groyne field
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should protect against bank erosion, some additional preparatory works and minimum stan-
dards must be kept. A protection layer at the river sided slope 1s obligatory.

Minimum standards for embankments at groyne ficlds should be as follows:
. top level of the carth dam according to design high water level (DHW) plus freeboard

. crest width > 4.25 m
. sides sloped at 1 in 3, at river-side and land-side

. suitable fill material from borrow pits with maximum 5 % silt content for material with
steep grain size distribution curve, or of 10 % for material with flat curves
. layer-wise compaction of earth dam fill to achieve a sufficient degree of density

Fill material is normally being obtained from borrow pits opened along the embankment to be
built. If planned landward the borrow pits should be arranged maintaining at least a § m wide
berm between the planned toe of the main embankment and the upper edge of the pit (Fig.
6.1-5), The arrangement of borrow pits at the river side of a new embankment should be re-
stricted to the excavation level of the planned toe protection.

Main ar secondary
embankment

25m

Excavation for
toe protection

Fig. 6.1-5: Typical cross-section of a borrow pit for construction of the main embankment

The design of the river-sided slope and toe protection of the main embankment can be deter-
mined with the methods described in Chapter 5, but taking into account the reduction of flow
velocities along the grovne axis.

6.2 DESIGN OF INDIVIDUAL GROYNES

6.2.1 Groyne Length

The effective length of a groyne L, is defined as the length projected on a theoretical line
perpendicular to the river bank. For orthogonal groynes, the effective length and the linear
groyne length are identical. The main design aspect regarding the minimum effective groyne
length L is to sustain the embankment stability with regard to the developing scour hole
downstream from the groyne head.
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Assuming a natural scour slope (dependent on the existing subsoil) developing from the deep-
est point of the scour hole towards the bankline, the minimum groyne length can be calculated
according to Fig. 6.2-1. The actual location of the scour hole will shift towards the embank-
ment, in case oblique flow attack is prevalent. For structure categories SC 2 and SC 3 a most
unfavourable approach angle of 6 = 45% at braided rivers is considered. For larger 0 - values
modifications of the structural layour are essential. Additionally a safety margin AL of about
10m at the toe of the embankment should be kept.

B

Groyne piles Estimated oblique flow
; /{_,, JI approach direction
D006 D 0 J @ e 0 9.'—&——‘
v s (Br8)

. Embankment /// \T‘dl'd" 051

[ /{
( (L k,// T————1. Localscour

nannnnn

Rz
n
e 051,
T
"--\.—"/ _./
o il ] ls /
5 Y8 O O O ~
NIlBEN i L
_f v W . hig
/ h's
/ 7= ohe
3 ¥ N —y—————
Assumed natural slope \. - _:r" N, Bedlevel pefore
3 L!'..:C .,/’/ Yao # Hrsen
Al nihaty) il i
T \\ las  05itan (Bse)

\

Deepest point of
local scour

Fig. 6.2-1: Assumed scour development at the groyne head

With this, the minimum effective length of a permeable groyne in the central section of a
groyne field is defined by (Eq. 6.2-1) whereas an upper limit is given by (Eq. 6.2-2) to reduce
possible negative impacts at the opposite bank line. Both formulae were developed from
analysis of model tests and field observations at the Jumuna. However, the values obtained by
the formulae are recommendations and 1t might be necessary to deviate from it
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Lo 2AL+n-(hy v, )+05:-] -tan(f+8) (Eq. 6.2-1)
and

Ly €02 10 04-8,, (Eq. 6.2-2)

with

L (m} effective length of groyne (perpendicular to the embankment)

AL (m) safety margin (minimum AL = 10 m}

n (=) cotangent of natural slope of the bed material 1(V) : n(1l)

he' (m) waterdepth at the thalweg referred to FPL

Veo  (m)  maximum total scour depth related to the thalweg of
the undisturbed river bed

I, (m) length of scour hole perpendicular to the groyne axis
with first estimate: L =4y,

Lt} (%) angle of flow artack between flow line and bankline

] (%) fictitious angle of flow separation (see Section 6.2.2)

By (m) average width of the approach channel

The assumed scour slope must be smaller than the angle of repose of the bed matenal. De-
pending on the subsoil, values of 10 to 12 degrees are recommended. As a first approach, for
sandy and non-cohesive soils (as prevailing at the Brahmaputra-Jamuna and other rivers of
Bangladesh), n = 5.5 can be chosen (compare Chapter 4). If minor damages can be tolerated,
n =4 is acceptable. For cohesive soils (Eq. 6.2-1) leads to a rather conservative calculation of

Lg.

6.2.2 Spacing of Permeable Groynes

For a series of permeable groynes a wide range of recommendations regarding their optimal
spacing exists. With certain exceptions, the executed and recommended spacing range be-
tween about 1.5 to 5 times the effective groyne length. From the economical point of view,
the spacing should be as large as possible. However, the efficiency of the groyne field as a
whole shall not be affected by too large spacing,

A groyne can be considered as a disturbance of the flow field, which diminishes in down-
stream direction and finally becomes neutralized after a certain distance, called the relaxation
length Ay The relaxation length follows from a linearized balance between the convective
term and the friction term in a one-dimensional momentum equation, which is defined for a
bank parallel flow as:

C*h
2g

A, =c; (Eq.6.2-3)

in which
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Ay (m) relaxation length

C (m™fs) Chézy coefficient

g (m/s")  aceeleration due to gravity

h (m) local water depth

¢s (-) empirical coefficient for channel properties

Values for ¢s are given in Table 6.2-1.

Channel align- Water depth in groyne Scour hole Coetlicient ¢,
ment field
Bend Deep deep .85
Straight eep moderate [ deep 0.70
Straight Half of main channel depth No / moderate 0.50

Table 6.2-1: Recommended values for es dependent on local situation

For impermeable groynes under bank parallel flow approach the groyne spacing SG is rec-
ommended at a value of approximately SG = 2/3 Aw (e.g. Jansen et al., 1979). A factor of 2/3
has been taken into account with respect to keep the separating flow line at a certain distance
from the bank line.

To allow for inclusion of potential oblique flow attack () = 0) a fictitious separation angle [ is

defined by (Eq. 6.2-4), which 1s based purely on geometrical considerations as demonstrated
in Fig. 6.2-2.

Direction of flow |::>
Sa= 28 hw

approach
- - Groyne
T \, " Bankline
2 n-._,_!_‘_ (embankment)
= Lz /_‘“"F-__, .
Separating flow lifie TSR, l
e >
Aw

Fig. 6.2-2: Theoretical separating flow line (bank parallel flow)

L.
tanf=c; - 2g —> (Eq. 6.2-4)
b
It is obvious, that using (Eq. 6.2-4) for caleulation of the relaxation length A, is not consistent
with physics. Introducing a potential angle of oblique flow attack, the minimum spacing S,
between two adjacent groynes is given by
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Lr-
an(é + 3

2
P ; (Eq. 6.2-5)
where

La(m) effective length of permeable groyne

0 (%) angle of oblique Mow attack

B (%) fictitious separation angle

Downstream from permeable groynes. different physical processes influence the flow field, so
that the application of the above formula is restricted. Further is necessary to determine the
optimal spacing of permeable groynes.

6.3 DESIGN OF PILES

The individual piles of a groyne must resist the existent loads due to current, waves and float-
ing debris. Furthermore, loads resulting from ship impacts or earthquakes might be of impor-
tance, but are not considered in this handbook for the design of standardized groynes,

Pile design comprises the determination of the required embedment length, which is needed to
transmit the loads acting on the pile structure into the subsoil as well as the dimensioning of
the required pile diameter and wall thickness.

6.3.1 Current Induced Loads

The single piles have to withstand the forces resulting from the flowing water. Due to the ef-
fect of the groynes, the flow velocities - and thereby the corresponding loads to the piles — are
reduced along the groyne axis towards the embankment. From the evaluation of monitoring
data and numerical calculations, a stepwise reduction of the average flow velocity as shown in
Fig. 6.3-1 was derived and is recommended for the design of standardized groynes.

1.00

0,75

Proposed reduction factor

u/ud

0.50

0,25

0,00
0,00 0,25 0,50 0,75 1,00

x/LG
Embankment Outer Pile

Fig. 6.3-1: Reduction of flow velocities along groyne axis (recommended)
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The current induced load on a single pile can be determined by a momentum approach, based
on the velocity distribution over the water depth:

zoly
p)= [€, 0510 D} )e (Eq. 6.3-1)
= £
where
Cy (=) drag coefficient to characterize the structure fluid interaction (friction,

viscosity and wrbulence (Cp= 0.7 for circular piles)
Yo (kKN/m*) density of water
¢ (m/s?) acceleration due to gravity

13 (m) pile diameter
Uiy (mys)  depth dependemt flow velocity
z (m) vertical eo-ordinate (water level surface: z = 0)

The flow velocity distribution over the water depth is given by a logarithmic profile (see also

Chapter 4):
In 30-”"&_:]
tiz)=u, — : (Eq.6.3-2)
d,
Inj L1
Lok
where:
U (m/s)  average upstream How velocity
ke (5 coefficient of roughness for the river bed

Due to narrowing of the flow cross-section between adjacent piles of a permeable groyne a
local water level set up upstream from the structure occurs which is followed by a decrease in
the upstream velocity, Based on the assumption of a constant water level gradient at the strue-
ture, the water level difference h, can be caleulated by the REHBOCK formula;

h =a [6—a(5-1)] (04 +a+9-a’ ){H ot T B (Eq. 6.3-3)
g-d; y 2g
where
hs (1) water level difference at pile
o (-) D/e=1-P, bleckage
D (m) diameter of pile
¢ (m) distance between two adjacent piles
& () shape coefficient (6 = 2.10 for round, 8 = 3.80 for squarc piles)
ds (m) undisturbed downstream design water depth

us (mfs)  average undisturbed downstream veloeity
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| v ,
! L Yy S————— P
| |d G = i
:Q Uy v '3 Q. Uy H
| 11 ey :

Fig. 6.3-2: Current induced water level set-up upstream of a single pile

With the simple relation o, =d, + b and with Q =d; - uy = da * us (continuity equation, con-
stant channel width) the average upstream flow veloceity can be caleulated

=" 2 (Eq. 6.3-4)

6.3.2 Wave Induced Loads

The wave induced load resulting from progressive waves consists of drag forees due to veloc-
ity components and inertia forces which are generated by acecleration components of the or-
bital motion. Due to the fact, that the maximum of drag and mertia forees under a progressive
wave occur at different wave phases (theoretical phase lag of a quarter wave length for linear
waves) both load components must be computed and superimposed for different phase angles.
For comparatively slender elements (D/L < 0.05), the resulting non-breaking wave load on a
vertical pile can be approximated by the MORISON formula (SPM 1984);

( 1 Y : , D? z
2(2)=ppld)+py2y=0 Cy-—- Yo Doulzy|u(z)|+C I D dilz) (Eq. 6.3-5)
2 g g 4 dt
and
=
p=[pu(2)+p, ()i (Eq. 6.3-6)
=il
where
plz) (kKN/m)  depth dependent wave force
p (kN) total resulting wave foree on a single pile

po  (kKNfm)  drag force per unit length of pile
Py (kN/m)  inertia foree per unit length of pile

Cp (2 drag coefTicient (Cp =10.7)

Cwm (-) inertia coefficient (Cy = 2.0 for circular piles)
g (m/s?) acceleration due to gravity

o (KN/m*)  density of water (yw = 10 kN/m?)

B correction factor for narrow spaced piles
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At alluvial rivers, veloeity and acecleration components computed by linear wave theory will
provide sufficient accuracy for the caleulation of non-breaking wave loads on pile siructures.
In case of more severe wave attack is expeeted (estuaries, ete.) a more detailed study of the
wave forees might be needed, The phase related velocity and acceleration components under a
lincar deep water wave arc given by:

i

u :7-w-u' Tocosd (Eq. 6.3-7)
du S ol e e (Eq. 6.3-8)
lt 2
where
d (m) water depth
u (m/s)  horizontal component ol the orbital velocity

du/dt (m/s?)  horizontal component of the orbital acecleration
H (m) wave height

| (s) temporal co-ordinate
T (s) wave period
; " 2%
@ (lis) angular wave frequency w:T
L (m) wave length L= gj -
& {-) base of the natural logarithm (c=2.718... )
¥,
k (1/m) wave number k= ,_‘r.'r
z (m) vertical co-ordinate (z = 0, still water 1able)
B (=) phase angle® = k - x — - t (describing temporal and spatial development
ol a progressive wave)
X (m) spatial co-ordinate

The correction factors 3 for wave loads on narrow spaced pile clusters are adapted from EAU
(1996). For a relative spacing between 2 < o/D < 4 the correction lactor [3 can be caleulated by

- S
=2-025 Eq. 6.3-9
el B (Eq )

To keep a certain simplicity, this method was also applied for ¢/D = 1 (Table 6.3-1). For
smaller permcability the water level gradient at the structure must be taken into account for
the caleulation of wave mduced lorees on pile structures.

/D) |-| 1 2 3 4
P %] 50 67 75 80
E 185 s 1.25 1.0

Table 6.3-1: Correction factor [§ for different relative spacing /D

6-14 DECEMRER 3]



pled

6- DESIGN OF PERMEABLE GROYNES

6.3.3  Floating Debris

In general, the inercase of the water level gradient at the groyne structure by trapped but con-
fined floating debris can be neglected: Nevertheless, the drag forces acting on this floating
body, will result in additional loads on the groyne piles. The additional horizontal load Fy
(kN) induced by a blocking heap of debris is mainly dependent on the distance e between two
adjacent piles, the height hy of the heap and the local surface flow velocity u,. The given for-
mula does not include the shear stress resulting from the flow underneath the trapped material

Fi=08, 2% o p w? (Eq. 63-10)
¢
where

Fy (kN) horizontal force to single pile
hy (m) thickness of Moating debris
ue (m/s) surface velocity

The lever arm should consider the most unfavourable condition, which is the distance be-
tween design bed level and design water level or the crest level of the individual piles. Due to
the damping cffect of floating material on wave action, the wave structure interaction is not
considered in combination with floating debris.

6.3.4 Load Combinations

The piles are stressed by current induced loads together with forces resulting from cither
waves or floating debris. Waves are absorbed by the floating debris, so that the forces caused
by waves and floating debnis do not act simultancously and only the more unfavourable load
has to be considered in the pile design.

6.4 PILE EMBEDMENT LENGTH

6.4.1  Modified Blum Method

All loads acting on a vertical groyne pile must be transmitted into the existing subsoil, The
horizontal force and the bending moment are compensated by the carth pressure which is lim-
ited by the embedment module of the soil. The embedment length is the statically required
pile length below the design bed level including the design scour depth (Fig. 6:4-1),

Besides the prevalent loads, the required embedment length t. of groyne piles is strongly de-
pendent on the soil characteristics. Because the embedment module of the in situ soil is not
known, several approximate methods were developed, to caleulate the minimum value t. A
comparatively simple approach is given by Blum (1932, in EAU, 1990, sce Fig. 6,4-2). This
method was originally developed for the design of single pile and multi-pile dolphin struc-
tures under impact loads (e.g. ship manocuvres) and has therefore certain limitations, for that
reason it should anly be used for preliminary design purposcs.
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Groyne pile
=i Y owL

Dynamic loads
u(z), plz), etc.

—
Flow direction

Design water depth

Y Initial river bed

Design scour depth

Pile embedment
length t,
Embedment B |

module £ =

Fig. 6.4-1: Dcfinition of the pile embedment length

A more sophisticated method on basis of a spatial carth pressure distribution, which requires
maore intense computations, has been applied for the development of the design diagrams
given for standardized protection measures of the categories SC2 and SC3 (sce Design Plate
1). This method is explained briefly in the following.

Actual earth pressure Ideal earth pressure Bending moment of
distribution distribution the pile
FIP.S FIEE

Tt ]

r,.%f fw-b-to

Fig. 6.4-2: Assumptions and simplifications-of the Blum methud
(adapted from EALL 1990)
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The first step in applying the Blum method 15 to reduce the actual single and lincar loads to a
resulting force Fr with the lever arm hy in relation to the design river bed level, The resuli-
ing force is given by

=<k

Pui= Z Fulenrrent)+ F, (wave)+ F, ( float debris ) (Eq. 6.4-1)
P

whereas the respective resulting moment M. can be derived by considering the specific lever
arm z,, of the different load components:

M., = Z Fileurrent) -z +F, (wave) -z, + F,( float.debris) - T (Eq. 6.4-2)

The lever arm hy, of the resulting force is defined by:

M,

(Eq. 6.4-3)

Wy =

ey

The minimum embedment length 1. is caleulated following the pre-condition that the pile
bending moment is equal to zero. Applying the ideal carth pressure distribution, the fictitious
embedment length ty at the ideal centre of moments (M = 0, see Fig. 6.4-2) has 1o be calcu-
lated tteratively. Following the definitions given in Fig. 6.4-2 t; can be derived from

i D'rl-i: "ir . IInl "n e, i o 2
D M=0 F s 1)~ fu - B 7, 2 Do g (Eq. 6.4-4)
Dy
Fn-- ”"Jm +1y ]—_{I_ 6 E =0 (Eq 6'4_5)
ta 4D 1) —%- ity -i—“ Frw i =0 (Eq. 6.4-6)
with !
D (m) pile diameter

fu (Vm’)  coefficient of passive carth pressure £, =y tan’(45%+@/2) |
¥ (t/m’) density of subsoil
ty (m) fictitious embedment length at the ideal centre of moments

The quadratic term of t; (second term in (Eq. 6.4-4)) considers the linear increase of earth
pressure with depth direetly behind the pile (idealized pressure distribution), whereas the éu-
bic term of ty (third term in (Eq. 6.4-4)) considers the cxponential inerease of the spatial ex-
tent of the activated carth pressure. |

When taking into account a spatial carth pressure component in transversal direction (parallel
to groyne axis). it has to be borne in mind that the initiated spatial earth pressure of two adja-
cent piles will overlap at a certain eritical depth tey, which must be considered in the compu-
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tations. Below toy the earth pressure is increasing only lincar with increasing penetration
depth of the piles, therefore the assumption regarding the carth pressure distribution in Fig.
6.4-2 is not appropriate for narrow spaced groynes. The actual (qualitative) distribution of the
passive earth pressure is shown in Fig. 6.4-3.

Ly tan(45%+/2)

Lerin2
T o i) ‘
_____________________ llm"lt- l\:zn
c Al
B S
Pile

Fig. 6.4-3: Overlapping spatial carth pressures of adjacent piles at eritical depth tey

For i small permeability of the groyne (= 50 to 60%) the cubic term in (Eq. 6.4-4) can be
neglected and instead the diameter D in the quadratic term should be replaced by the distance
¢ between two adjacent piles to derive the minimum theoretical embedment length:

DM =0 Foulh 1)1, ‘% ’%: 0 (Eq. 64-7)
The actual minimum embedment length is given by
b, = fioty (Eg. 6.4-8)

The correction factor [ is required to approximate the actual moment distribution and carth
pressure condition as deseribed in Fig. 6.4-2 and is = 1.2 for normal cases. 1f no bed protec-
tion/ falling apron is provided (compare Fig, 6.6-2) this value should be increased 1o [= 1.5,

To cover inaccuracies in the prevailing boundary conditions the design pile embedment length
Liesign Should be determined by the following steps

(1) compute the theoretical minimum required pile embedment length [L]
2y add a safety margin of 25% for consideration of variations in the subsoil
(3)  make sure that minimum pile embedment length is always above S m

Lengn = 1.251.250m
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Because of the rather time consuming calculations, design graphs have been prepared for the
casy determination of the required embedment length, The graphs are based on the results of
extensive calculations and are shown in Design Plate <17,

6.5 PILE BENDING MOMENT

Groyne piles arc almost entirely burdened by horizontal loads. These create a bending mo-
ment in the pile, which must be designed appropriately.

The bending moment distribution in the pile is given by

(Eq. 6.5-1)

JDoxt . xt)
M, =F. (i, +5)= 1, i
¥ ru( Frea ‘} ’[ 6 24J

The location xy, of the maximum bending moment below the design river bed has to be de-
rived iteratively

2 Pex¥ F
i [0 o Eg. 6.5-2
5 5 7 (Eq )
or
F,., ='—g"-- ¥ile, +3-D) (Eg. 6.5-3)
so that

M,, = ;—4 2l v, @by +8-D)412 by D (Eq. 6.5-4)

The cvaluation of these formulae has also been included into the design graphs, presented in
Design Plate “I". One graph cach has been prepared for steel piles and pre-cast concrete piles,
showing their main required dimensions.

6.6 BED PROTECTION AND FALLING APRON

The local crosion of the riverbed near a permeable groyne head can be prevented by a bed
protectien or a falling apron. A bed protection consists of a cover layer placed on a filter mat,
whereas the falling apron material is dumped dircctly on the riverbed. Since under the prevail-
ing flow conditions the placing of the filter mat is rather complicated, falling aprons are the
only practicable solution at present (Fig. 6.6-1). The dimensioning of the falling apron units
(preferably CC-blocks) and the respective volume required can be derived from the formulae
given in Chapter 5.
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DHW

AP

Now direction

falling apron

original river bed

local scour

Fig. 6.6-1: Expected local scour near a groyne head with {falling apron

However, if possible. a solution without any bed protection or falling apron should be consid-
cred for permeable groynes (Fig. 6,6-2), because - although it would increase the required
embedment length of the piles - it is in general more economic as compared to additional pro-

tective measures at the river bed.

- DHW
AP
flow direction
original river bed
- — » ————
e —-_— L —
\'--__ - ‘h""'.\ ¥ ’a"
v "‘-_‘_ X o
scour at pile local scour
u=(45%p"/2)
1,

Fig. 6.6-2: Design scour profile — without scour protection on river bed
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7.1 EARTH WORKS

b | EARTH WORKS
7.1.1  General Description

7.1.1.1 Excavation in Dry Condition

For the situation of remote site locations within Bangladesh a labour intensive method for
carth moving is still the preferred method. In order to estimate the workforce required for ex-
cavating, transporting and placing/filling of soil the diagram presented in Figure 7.1-1 may
serve as a general guidance.

Exemplary, the following can be obtained from the said diagram for a given situation:

¢ Transport distance between excavation (e.g. borrow pit) and place of fill: 175 m
¢ Height difference between bottom of borrow pit and top of embankment: 450 m
s Resultant manpower for 100 m’ of soil; 80 man-days

108 1
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Tramsporiation Distance fm]

Figure 7.1-1: Diagram for determination of manpower required for manual excavation, transport and
filling of 100 m?* of soil

Mechanical excavation, transportation and filling can accelerate the work progress, but the
decision should be made in consideration of the volume of work to be accomplished within a
given construction window, as well as with due regard to the particular local and social situa-
tion around a specific construction site.
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As arough guidehine the productivity of mechanical equipment for excavation works may be
tuken from Table 7.1-1 and Table 7.1-2. Therein, the soil classification shall be an imdicator

for:

“Light/casy” . soft, weak soil that can very easily be cut and excavated (relative high
productivity):

“Medium™ : normal soil, i.e. in a compacted/medium dense deposited stage. and

“Heavy/difficult™:  densely deposited soil or stiff cohesive soil that can not be easily cut
and excavated.

Sl Draghne Bucket Clamshell Bucket

Classification Y =05n¢ |V=09m' |[V=I5m' |V=05m [V=09m' |V¥M=15m
Light/easy a2 52 8l 25 40 63
Medium 20 34 52 15 25 40
Heavy/difficult | 14 4 W 10 I8 | 30

Under water About 60 % af above values About 60 % of above values

Table 7.1-1: Excavation capacity for different bucket tvpes (m*/hr)
{V = net bucket volume, top flat)

Transfer and/or distribution of excavated / cut 50il may be carried out by bulldozer. but the
economical transfer distance us much below 100 m, commonly between 30 and 60 m only.

Bulldozer Shield Normil (Mediutm) Soil Heavy (difficull) Soil

Capacity Width D=20m |[D-60m [D=100m|D=20m | D= 60m ] D= 100m
45 HP 220m B 30 20 (unsuitable)

100 TP 335m 165 5. S0 0 35 25

S0P |390m 250 10 80 100 50 35

Table 7.1-2: Bulldozer transport capacities (m'hr)
(D = distance of ransfer)

It has to be recognised that the actual productivity depends on several important factors and
parameters, including boom length, tuming radius and angle of the excavator, equipment
availability factor (preventive maintenance is a must! ). etc.

7.1.1.2 Excavation Fquipment (Wet Condition)

“Wet Excavation” within this ¢ontext shall mean excavation below water, which is being car-
ried out by shore-based mechanical equipment. Shore-based crawler cranes with clamshell
buckets are ideal for such works. However, the productivity and quality of work depends
largely on the professionalism of the crane operator. Productivily estimates may be based on
the figures presented in Table 7.1-1, but due consideration must be given to the loss of hourly
productivity to about only 60 % as compared to dry excavation with the same equipment.
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7.1.1.3 Compaction Equipment

The importance and respective requirements for the compaction of any fill for embankments,
flood protection dykes, ete. is obvious. Highly sophisticated compaction methods and equip-
ment may not be considered for the regular type of standardized bank protection and erosion
prevention measures.

The most difficult fact to be considered when planning and deciding on the compaction
method and equipment is the fact that the soil to be compacted cannot be selected to comply
with a criterion “suitable for compaction™. Rather the soil available in the immediate vicinity
of a construction site, including adjacent chars, has to be used in the works. It is for that rea-
son that ordinary compaction methods can be considered appropriate under the eircumstances
and in consideration of what is commonly available from equipment resources. The common
methods include the use of

* Bulldozers passing the filled surface area x-times cross-wise;

» Tamping plate (drop weight with a certain surface area, handled by a crawler ¢rane);
* Heavy-duty internal combustion tamper;

» Surface vibrator, also named plate vibrator;

= Roller compactor, pneumatic roller compactor;

* Tamper roller (sheep-foot roller)

In any case the effectiveness of the compaction equipment has to be verified by field tests,
Thereby the soil characteristics, the thickness of individual fil] layers to be compacted and the
number of passes to achieve the specified degree of compaction must be determined. Table
7.1-3 may be used as a guideline only for determining the equipment resources and capacity.

Method of Compaction / Suitable for Com- | Capacity /| Standard | Number of | Compaction Vol-
Type of Equipment paction of: Weight Layer Passes ume per Equip-
Thickness ment-Hour
Tamping plate / crawler crane | Non-cohesive sail 2-31 [S0-T0cm 3i-4 25-50m’
Heavy-duty internal combus- | Cohesive / non- 051 30-40 em j-4 15-20m*
tia npar cohesive soil 10t [40-s0cm | 34 25 30m
Surface (plate) vibrator Non- to slightly 0.5-07¢[40-50 cm J—4 24-30m’
cohesive soil =171 [50-70cm 3-4 40- 50m*
Vibro-roller (self-driven) Non- to slightly 1.2-23¢t|30em 4-6 35-50m'
cohesive soil 3-6t |40-50em [ 4-5 90 - 110-m*
Preumatie roller (self-driven) Cohc%ivcfr.mn— gt | s s 8.2 65 - 100
cohesive soil
Tamper roller Cohesive soil. free 35t 18-20 cm R-12 32-48m'
(sheeps-foot roller) of stones At 18-20cm 8-12 63 - 95 m'

Table 7.1-3: Typical capacity of compaction equipment
(typical for the soil usually encountered along the rivers of Bangladesh)
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7.1.2  Sample Specifications

7.1.2.1 Definition

Earthwerks are

e ecommon excavation" as defined under Section 7.1.2.3, and
e "filling works" as defined under Section 7.1.2.4.

Earthwork materials are defined to apply to the Specifications and the Works as follows:

« "topsoil" is the top layer of soil containing a higher proportion of organic material;

o "suitable material” comprises all material obtained from excavations within the Site or
from borrow pits and which is approved by the Employer as acceptable for use in the
Works:

e "unsuitable material" is any other than suitable material and shall comprise:

material from swamps, marches and bogs or other material with a high organie con-
tent;

peat, logs; stumps and perishable materials:

material susceptible to spontaneous combustion;

clay of liquid limit exceeding 90% and/or plasticity index exceeding 65%.

e "soft" material shall mean all material, whether suitable or unsuitable. but other than that
defined as rock hereunder.

e “rock” is any hard natural or artificial material requiring the use of blasting or approved
prneumatic tools for its removal.

7.1.2.2 Clearing of Construction Site

The areas 1o be used for the Works shall be cleared by removing vegetation, trees, any obsta-
cle, debris, rubbish, foundations ete. or otherwise unsuitable matter, which would prevent the
technically sound execution and completion of the Works,

Stumps and major roots shall be grubbed out and all combustible material arising shall be
gathered into windrows and burnt. The Contractor shall take precautions to prevent the spread
of fire to-adjacent land:

Notwithstanding the provisions of this Subsection. the Contractor shall preserve established
grass cover on existing embankments that fall within the Site, but which have been designated
on the Drawings or as may be directed by the Employer for retention in their present state.

7.1.2.3 Common Excavation
(a) Definition

The term "common excavation” under this Subsection shall mean stripping, excavation or
removal of any type of material on or near bank for construction pits or embankment revet-
ment and bed protections, whether in dry or in wet condition, to the lines and grades shown
on the Drawings or as required by the Employer.
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Figure 7.1-2: Recommended arrangement of borrow pits along embankments
(h)  Method Statement

Notwithstanding the requirement to submit a detailed work method statement as part of the
Tender, the Contractor has to substantiate the method statement prior to commencement of
the common excavation. The Contractor shall within 28 days of the Letter of Acceptance
submit in writing to the Employer for approval his final proposal for carrying out the respec-
tive work.
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The proposal shall cover method and sequence of working, equipment to be employed. and
shall include details of the methods for controlling adherence to the design level and slopes.
Common excavation shall not commence until the Employer approves the proposals and the
control methods intended to be used.

) Top Sod Stipping

Top soil shall be removed to the lines designated in the Drawings or as direered by the Em-
ployer and shall be deposited in separate heaps for re-use, free of weeds.

(d) Excavation

At all times during construction, the Contractor shall adopt excavation procedures, which en-
sure that the stability of any slope will not be impaired. The Employer's approval of excava-
tion procedures shall in no way relieve the Contractor of his responsibility for safeguarding
the stability of all slopes excavated under this Contract.

Excavation shall be carried out to the lines, levels and profiles shown on the Drawings or to
such other lines, levels and profiles as the Employer may direct or approve in Writing.

The Contractor shall carry out any excavation in & way to minimize disturbance to the sur-
rounding ground. Particular carc shall be taken to maintain stability when excavating in close
proximity to existing works.

Fxcavated material shall be disposed of or may be incorporated into the Works either directly
or after stockpiling, as stipulated in the Bill of Quantities or otherwise directed by the Em-
ployer. Only those materials meeting the appropriate specifications may be incorporated into
the Permanent Works.

The Contractor shall remove unsuitable material from the Site as ordered or agreed by the
Employer.

With the exception of reasons: falling under force majeure the Contractor 15 responsible for
keeping all excavations free from water from whatever cause arising. Any surface or subsur-
face water flow. entering into or adjacent to the éxcavation, shall be satisfactorily controlled
and the Contractor shall provide such pumping capacity and other measures as are required.
all to the satistaction of the Employer.

Where required. the Contractor shall properly support the sides of excavations and shall be
responsible for their safety.

The Contractor shall notify the Employer of any unusual soil encountered during excavation,
without delay.

el Tolerances

Excavated levels shall be within a rolerance of = 100 mm. Slopes of embankments and cut-
tings shall be aceurate within =100 mm/-000 mm within 10 m measuring distance.
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If for any reason whatsoever excavations were carried out by the Contractor beyond permissi-
ble tolerances to their true lines and levels as shown on the Drawings or differently from the
direction of the Employer, the Contractor shall, at his own cost, make them good to the re-
quired lines and levels with compacted sand or other approved material, and in such a manner
as the Employer may direct.

) Approval of Excavation

After any excavation is completed accurately to the lines and levels required for the Works,
the Contractor shall notify the Employer, who may carry out an inspection.

If, after such inspection, the Employer requires additional excavation to be carried out, the
Contractor shall do so to such profiles. dimensions or levels as the Employer may direct.

The Contractor shall commence any subsequent work only after the Employer has approved
the excavation depths and slopes, including the compaction of the excavated surfaces, where
required.

The Contractor shall maintain open excavations in an approved condition. Where required, he
shall rectify the effects of deterioration due to surface water or any other act.

7.1.2.4 Filling Works
(a) Definition

Filling works comprise of filling and compaction of any land, construction of embankments
or groynes, filling and compacting of construction pits and excavations, back filling of struc-
tures, etc., to designed levels.

(b} Method Statement

Notwithstanding the requirement to submit a detailed work method statement along with the
Tender, the Contractor has to substantiate the method statement prior to commencement of
filling works. The Contractor shall within 28 days of the letter of Acceptance, submit in writ-
ing to the Employer for approval his final proposal for carrving out the respective work,

The proposal shall cover method and sequence of filling and compaction and shall include
details of the compaction plant as well as methods for adjusting the moisture content of the
different fill materials.

Filling shall not commence until the Employer approves the proposals and the materials in-
tended to be used,

(c) Fill Material

Fill and backfill material other than dredged or excavated material obtained at Site or from
borrow pits within the Site shall be sand with a maximum silt content (grain size less than
0.063 mm) of 5% for material with steep grain size distribution curves, or of 10% for material
with flat curves.
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Materials selected by the Contractor for the individual purposes, have to be tested by him and
representative samples shall be submitted to the Employer along with test reports for approval
before starting the work. Only approved materials shall be used. The samples will be detained
by the Employer and used for comparison.

Suntable material for construction of embankments shall be obtained from common excava-
ton or dredging, respectively from designated borrows pits adjacent to the Site; It shall be
sand with silt content of not more than 15 to 20%, It shall be free of all organic and otherwise
undesirable matter and be approved by the Employer.

The top layer of any unsuitable material covering the borrow pits shall be removed 10 a depth
where suitable material can be obtained. Unsuitable material shall be interim stored and re-
filled to the borrow pits after completion of the Works, or otherwise being utilized as directed
by the Employer.

() Filling and Backfilling

Prior to placimg suitable fill material on any area. the foundation area shall be further exca-
vated, shaped, drained and cleaned of any weak or other objectionable material, all as per re-
quirements of the Employer and in consideration of Section 7.1.2.4(¢).

The Contractor shall not commence filling of any area or backfilling of any structure until the
Employer has given his respective approval.

The Contractor shall take representative samples of the fill material during placement as di-
rected by the Employer. At least three samples shall be taken per day of filling works, and a
particle size determination be made. Any material found not in conformity with the Specifica-
tions or the otherwise directions of the Emplover will be rejected and shall be removed from
Site by the Contractor. Rejection may be made at the source. on the transporting vehicle, or in
place. Acceptance of fill will be made only after the materials have been dumped, spread and
compacted in place.

Fill shall be carefully placed 1o avoid excessive loads on any temporary or permanent struc-
ture or part thereof.

(e) Compaction

The type of compaction equipment employed by the Contractor shall be such that the required
densities can be produced consistently. The foreseen equipment requires the approval of the
Emplover.

The Contractor shall perform trial compactions for cach type of fill material, in order o estab-
lish the appropriate method to achieve optimum compaction. Based on the results of such trial
compactions the optimal water content during compaction, the necessary number of compact-
ing cyeles and the thickness of built-in layers shall be-determined in consideration of the type
and weight of Contractor's compaction machines, all subject to the Employer's approval.
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River side _ slope1V : 3H

Flood plain leval

Layerwise compaction of fill to
degree of density of D = 0.6 to
0.75 (d = dependent on lype of
fill and compactor capacity)

Figure 7.1-3: Recommended build-up of embankment

Before starting any filling works, the existing degree of density of the natural ground has to
be determined by the Contractor to the Employer's requirements, The Employer will there-
upon decide whether compaction of the existing soil is necessary. The required density values
shall meet the requirements as indicated below and shall be confirmed to a depth of 0.5 m.

Fill matenials shall be placed in layers uniformly spread. moistened as far as required and then
compacted. The thickness of the layers depends on the material, type of vibrators and results
of compaction tests exceuted at Site, taking into account an appropriate safety margin.

The Contractor shall verify the achieved degree of density, as the filling and compaction
works proceeds. The degree of density of each layer of fill shall be checked as per DIN 18126
through taking and testing undisturbed soil samples. For each 500 m* of compacted surface
three adjacent points are to be investigated by density tests.

All samples are to be taken and tests performed in the presence of the Employer, The Contrac-
tor shall submit results of all such tests on approved form. The costs for sampling and testing
shall be borne by the Contractor and are deemed to be covered by surcharges included in the
relevant unit rates.

The degree of density of each layer of fill shall be checked as per DIN 18126 through taking
and testing undisturbed soil samples.

pi = max n - ﬂ__-
max s - min #
with,
maxn = Degree of porosity of soil in loosest state, in the dry
minn = Degree of porosity of soil in densest state
n = Degree of porosity of compacted soil.

For each 500 m* of compacted surface three adjacent points are to be investigated by density
tests.

BECEMBER 20601 7-9
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All samples are to be taken and tests performed in the presence of the Employer. The Contractor
shall submit results of all such tests on approved form. The costs for sampling and testing shall
be borne by the Contractor and are deemed to be covered by surcharges included in the relevant
unit rates.

The required degree of density is as follows:

Laver ~ Density D (DIN 18126)
Up to 0.5 m below present surface 0.35-0.45
Fill for embankments, dams 0.6-0.73

Individual test results may be down by 5%, but the mean value of adjacent test points must at
least correspond to the specified values. Should two testing methods lead 1o different judgment.
the more unfavorable result will be considered only,

If tested densities should fall below the above limits at any place, recompaction of such area
shall be carried out by the Contractor and new tests executed thereafter.,

Portions of fill which, in the opinion of the Employer, cannot be adequately compacted with
rollers or surface vibrators due to inaccessibility shall be placed in layers not exceeding 150
mm and compacted to the specified density by means of approved power tampers, all at no
additional costs to the Employer.

———

Slope proliling by labour Compaction control (sand replacement method)

Figure 7.1-4: Earthworks by human labour
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Dragline and truck operation

Dozer for earth moving
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7.2 TURFING OF EMBANKMENT SLOPES

7.2 TURFING OF EMBANKMENT SLOPES

Slopes and areas of embankments, which are not exposed to current and wave action, can be
provided with turf, for which grass of suitable quality such as Durba and Vetiver should be
used to receive a dense growth of grass turf within the shortest period of time. The slopes and
areas should be free of unsuitable soil and material such as roots. stumps ete. and tamped
properly to compact any loose soil.

Wativer planration {130m e )

W o Loprorliar 105 o L Brsig - grann sads
wn drneind b ive [ineahoe 95 18ar % um
Enginasr |

>

¥ i pharn
0 am andy e

,,Z:" Typical cross-section of embankment with bio-

Pazing T 2 GEats-SolSay i technical revetment (Durba grass sods placed on
laying of Durba grass sods Geolute-SoilSaver, Vetiver as toe proteetion)

Rain cuts in the unprotected slope prove the Topping of embankment by compacted

need for protection also on the lee-side of the sand-khoa layer
embankment

Figure 7.2-1:Turfing works

Turfing can be achieved cither by grass sods or by seeding turf on the embankment. Grass
seeds shall be spread at a rate of 10 g/m? neatly on a 10 em thick layer of fertile top soil and
secured appropriately against surface erosion c.g. by a cover of GeoJute-Soil saver netting,
which is to be placed with overlaps between adjoining nettings of at least 15 em. The nettin gs
are to be pegged down by staples at about 40 cm intervals, which should be reduced to 15 em
along overlaps and edges. The top and bottom ends of the nettings shall be sccured by digging
the ends about 30 cm deep into the soil.

A second grass seeding at 10 g/m? is to be spread after the GeoJute-Soil Saver is in place and

the surface tamped finally, the nettings flush with the soil surface. The seeding needs proper
irrigation for a certain period to obtain the required result and simple fencing to prevent de-
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struction by pedestrians and animals shall protect the respective areas. When the grass has
grown, regular cut and maintenance is required,

Turfing with grass plantation should be done in the proximity of the embankment. It requires
an area cqual to the surface area of the slopes of the embankment where tarfing will be done.
Sods (15 em x 15 em x 7.6 ¢m) of the fully developed turf are cut and placed elosely on the
embankment, 1f the turf tums to yellow, water as well as fertiliser should be added.
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37‘?

7.3 GRANULAR FILTERS

7.3 GRANULAR FILTER LAYERS

7.3.1  General Description

Granular filters can be graded sand and gravel filters or mixed filters. The former can only be
placed above the water level. Placing shall start immediately after trimming of the embank-
ment slopes at its toe in horizontal layers and in such a manner that washing out and disinte-
gration of filter material are avoided. Prior to laying the subsequent layer, the achieved slope
and layer thickness of the initial layer must be confirmed through measurements.

The method of placing mixed granular filters below the water level is mainly governed by the
flow situation prevailing at the time of carrying out the work. For placing in-situ the following
methods are possible:

. Using large diameter tremic-pipes to release the graded filter material directly at the
bank slope or river bottom;

. Utilizing large-size buckets, which can be lowered by crane and opened directly above
the river bed and by gently swinging the cranes’ boom producing a filter carpet, and

. Using large clamshell, which is lowered to the river bottom or bank slope to release the
mixed filter material dircetly at the selected spot,

The mixed granular filter material can also be filled in jute bags. After sealing the bags they

can be dumped at a controlled pattern to achieve at least 2 layers of bags within the defined
area

Granular Filter Type [ + 11 +1[1
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Figure 7.3-1: Typical granular filter for sandy silt strata
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Granular Filter Type 11+ 111
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Figure 7.3-2: Typical granular filter for sandy soils

Figure 7.3-3: Placing of multi-tayer granular filter and rip-rap cover layer

7.3.2 Material Specification for Granular Filters

7.3.2.1 General

Granular Nlters comprise at least of a two-layer system

. sand filter (filter stage 1), and
. gravel filter (filter stage 2).

These filter systems are suitable for placing in dry condition. Each filter shall have an in-situ
layer thickness of at least 30 ¢cm.
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Where the granular filter cannot comprise adequately large grain size as blocker against the
designed cover layer a suitable graded cushion layer (also referred to as filter stage 3) or an
additional sublayer must be provided in eoordination with the Employer.

For application below water level a one-layer granular filter may be applied, the grain size

range of which must be a suitably mixed gradation corresponding to a two-layer system. Such
mixed granular filters (sand-gravel filter) shall have an in-situ thickness of at least 60 cm.

7.3.2.2 Sand Filter (Filter Type I)

Sand shall be granular, cohesionless and free from organic impurities. The grain size distribu-
tion will generally be in the range of Dys = 0.02 mm to Dy = 0.4 mm, but must be suitably
adjusted to the grading of subsoil to be protected. The coefficient of uniformity shall be in the
range of 5-8.

Filter sand shall be obtained by the Contractor only from reliable sources (e.g. within Bogra
District, Dinajpur District or Sylhet District), and shall be sieved and suitably blended to the
requirements and subject to Employer's approval,

7.3.2.3 Gravel Filter (Filter Type IT)

Gravel filter material shall mainly be granular, cohesionless and free from organic impurities.
The grain size distribution may generally be in the range of Dis = 0.3 mm to Dy = 5.0 mm.
but must be suitably adjusted to the grading of sand filter and cushion layer. The coefficient of
uniformity shall be in the range of 5-8.

The components of a gravel filter shall be carefully selected and sieved from crushed stone or
gravel being free from dirt and any other objectionable matter.

7.3.2.4 Cushion Layer (Filter Type I11)

The cushion layer shall be of granular/crushed material. The gain size distribution may gener-
ally in the range of Di: = 6.0 mm to Dyy = 100 mm, but must be suitably adjusted to grading
range of the gravel filter and the cover layer. The coefficient of uniformity shall be in the
range of 5-8.

The companents of a cushion layer shall be carefully selected and sieved from crushed stone
or gravel being free from dirt and any other objectionable matter.

7.3.2.5 Khoa Filter

Khoa filter material shall be produced from first class bricks or picked JThama khoa only. The
grain size components must be carefully produced, selected and blended to suit the required
grading of Sections 7.3.2.2, 7.3.2.3 and/or Section 7.3.2.4,
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7.3.2.6 Mixed Granular Filters (Filter Type 1V)

Mixed granular filter material shall mainly be granular, cohesionless and free from organic
impurities. The grain size distribution will be generally in the range of D5 = 0.4 mm and
Dy = 100 mm, but must be suitably adjusted to the grading of the subsoil to be protected re-
spectively to the designed gradation of the cover layer.

The components shall be carefully selected and sieved from sand and crushed stone, natural

gravel or khoa, being free from dirt or any other objectionable matter. Sections 7.3.2.2,7.3.2.3
and 7.3.2.4 apply analogously.
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7.4 GEOTEXTILE FILTER MATERIALS AND INSTALLATION

7.4.1  General Description

Geotextiles shall be placed on the slope of an embankment in strict compliance with the
manufacturer’s instructions. This holds in particular for the method of jointing and overlap-
ping. Overlaps on the slope shall be arranged down the slope. If an overlap transverse to the
slope is unavoidable, then the upper geotextile should be laid on top of the lower one. Over-
laps shall be at least 50 cm with additional stitching when placed in the dry and they should
be staggered by minimum 150 cm. When placed under water, the overlapping should be
minimum 1.0 m for water depths up to 4.0 m, minimum 1.5 m for water depths up to 8.0 m
and minimum 2.0 m for greater water depths.

The geotextile filter material shall not be torn, punctured or damaged otherwise. When laying
the geotextile; the surface of the embankment slope should be a relatively smooth plane, free
of obstructions, depressions and soft pockets of material. Depressions must be filled with
compacted material; otherwise the fabric could bridge and tear when the cover layer is placed.
Free ends of the laid geotextile shall only be secured by ballasting with stones, bricks or sand
bags, but under no circumstances be nailed to the subsoil.

The cover layer should be placed on the geotextile as soon as possible. The material of the
cover layer is to be deposited starting from the bottom of the slope.

7.4.2  Material Specifications for Geotextile Filters

Geotextiles, whether geotextile fabrics or tailored geotextile fabrics shall be the make of a
reputable manufacturer, and the manufacturer has to produce test certificates of a recognized
testing institute to confirm compliance with the specified requirements,

7.4.2.1 Mechanical Properties of Geotextiles

Geo-textile mats may be exposed to considerable tensile loads, which have to be resisted by
the material. A minimum tensile strength of 12 kN/m should be guaranteed (new material),
which should not decrease below a residual value of 9 kN/m (due to abrasion or chemical/
biological processes in the subsoil or groundwater), to accommodate deformations of the sub-
soil or hen used as a sub-layer for the launching apron. The risk of local ruptures during con-
struction is mainly governed by

* type and condition of the subsoil;
* shape and weight of dumped material;
» dumping height, in the dry or under water (construction technique),

and other conditions. The required minimum resistance to rupture is given in relation to the

weight of armour units. A minimum of 600 Nm is recommended for stones of 30 kg dumped
from 2 m height. For heavier units of 60 kg, 1200 Nm are required as minimum,
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Joining of special geo-filter mat
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Figure 7.4-1: Details of geotextile filter installation
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7.4.2.2 Geotextile used as Revetment Filter Layer (above berm)

Protective layers of uniformly sized concrete blocks (placed in parallel rows) of more than 50
kg single weight, or stone mattresses of 25 ¢cm to 40 ¢m thickness require filter fabries (non-
woven needle-punched geo-textile) of the following specifications:

*  Material preferably 100 % Polyester (PES), or 50 % Polypropylene (PP) and 50 % PES

*  Effective opening size Ouoy: 0.07 mm
*  Thickness =2.0mm
*  Area mass =350 g/m?

e Min. tensile strength
- longitudinal = 1200 N/10 ecm
- transversal = 1400 N/10 ¢m

*  Min. elongation

- longitudinal =80%
- transversal 250 %
*  Puncture resistance =600 Nm

*  Mechanical filtering capacity (soil Type 4)
- max. quantity of soil passage: 300 grams
- max. quantity of soil passage in the last test phase: 30 grams

e Coefficient of permeability
at a load of 2 kN/m?2, = 1:10-7 m/s

7.4.2.3 Geotextile used as Sub-layer for the Launching Apron

For the use of geo-textiles undemneath a launching apron (articulating mattress) the material
must be able to resist potential larger tensile stresses. The fabric (non-woven needle-punched)
should have the following specification:

*  Material: Polyester (PES)
*  Effective opening size Oy 0.07 mm
o Thickness =5 mm
s Area mass =700 g/m?
e Min. tensile strength

- longitudinal = 3200 N/10 em

- transversal > 4700 N/10 em
e Min. elongation

- longitudinal =60 %

- transversal 250%
*  Puncture resistance > 1200 Nm
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»  Mechanical filtering capacity (soil Types [ 1o 3)

- max. quantity of soil passage: 25 grams
- max. quantity of soil passage in the last test phase: 2.5 grams
s Coefficient of permeability at a load of 2 kN/m*: = 1:10-7 mfs

7.4.2.4 Transportation, Storage and Handling of Geotextile

The Contractor shall transport, handle and store all geotextiles in full and in accordance with
the manufacturer's instructions. Geotextiles shall be kept wrapped in black PE sheeting to
prevent UV exposure until immediately before use in the Works. If the wrapping is damaged
during handling it shall be repaired immediately by the Contractor using additional black PE
sheeting. Unused portions shall be re-wrapped promptly.

Geotextile fabrics arriving at Site shall be unpacked and stored under covers, well sheltered
from direct sunlight. until required for use in the Works. Sufficient ventilation under the shel-
ter shall be provided so as to minimize the ¢ffects of high temperature thermo-oxidation.

Geotextiles damaged due to handling or during installation in the Works are to be repaired
immediately by the Contractor in accordance with the manufacturers’ instructions and to Em-

ployer's satisfaction, all at the Contractor's expense.

Delivery notes attached to the material shall be handed over to the Employer.

7.4.2.5 Sewing and Tailoring of Geotextiles

To limit the number of normal over-lapping between individual geotextile filter mats at least
two (for under water application) or three (for application in the above water area) are to be
joined to larger filter mats. The quantity of geotextile filter material should be caleulated on
such basis.

The geotextile filter materials should be delivered in factory standard widths of about 5 m 1o
5.3 m. Joining of geotextile filter mats should be carried out at Site. the methods are subject o

the approval of the Employer.

Eleetric powered, hand-held sewing machines, ¢.g. Type UNION Special 2200 AS should be
provided for this purpose by the Contractor.

Type of seam shall be "Prayer Seam" (see Figure 7.4-1), for heavy-duty application also
"Butterfly Seam".

Thread shall be PES white and PES black, which should be supplied from the manufacturer of
the respective geotextile material,

Type of stitching shall be only double thread chain stitch. The length of stitch is to be coordi-
nated with the thickness of the basic material. About 2 m to 3 m each of white and black PES-
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thread are required for 1 linear meter of double thread chain stitch, dependent on the thickness
of the geotextile filter material.

For field sewing one team should comprise of three persons, The first one to neatly put to-
gether the two edges to be sewn. the second one holding and operating the sewing machine,
while the third holds the material tight behind the sewer.

Larger areas can be sewn together by cutting the geotextile filter material to the required
length, unrolling each. one above the other and sewing the edges together, Subsequently the

mat can be unfolded to its full width.

Seam strength should be 90% of the strength of the geotextile filter material, which has to be
confirmed by the Contractor through tests at a recognised material testing institute.

7.4.2.6 Placing of Geotextiles

The geotextiles shall be stored, handled and placed on the embankment slope in striet compli-
ance with manufacturer's instructions, or Employer’s instructions.

The black PE-sheeting covering the rolls shall only be removed immediately prior to laying. If
the covering is damaged during handling, the Contractor shall repair the covering at his own
COSL

The material shall not be tom or punctured or damaged otherwise. [f during the course of
work damage to the geotextile filter mats is encountered, remedial work shall be carried out as
directed by the Employer.

Free ends of laid geotextiles shall only be secured by ballasting with stones or sand bags, but
under no circumstances be nailed to the subsoil.

The method of joining and overlapping shall generally be as per manufacturer's instructions
and as approved by the Employer. Overlaps on the slope shall be arranged down the slope but
against the current flow. If an overlap is required transverse to the slape, then the lower geo-
textile shall be laid on top of the upper geotextile.

Overlaps shall at least be 50 cm with additional stitching when placed in the dry, and overlaps
shall be staggered by minimum 150 em,

Overlapping of geotextiles under water shall be as follows:

Water Depth Overlapping
[m] [m]
20 >1.0
5.0 >1.3
9.0 =20
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Overlaps are to be controlled by divers immediately prior to placing the cover layer and the
Contractor in consultation with the Employer shall rectify any imperfection.

Geotextiles are to be covered with suitable materials as soon as possible, but within onc week
of being laid, but geotextile filter mats placed under water shall be covered immediately.
When laying the covering material it shall not be dropped in the dry from a height greater than
L5m.

When geotextiles are installed on a slope, the cover material shall be deposited starting from
the toe of the slope.

During installation of geotextiles and subsequent placing of cover layers no high stresses shall
be exerted on the geotextiles and at no situation shall a geotextile be pulled around or along
sharp edges. The installation equipment must be suitably designed to fultil this requirement,

Stock piles of materials shall not be placed on top of laid geotextiles.

No construction equipment shall work on the geotextiles without at least 300 mm of suitable
material overlying the geotextile,
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7.5 CUBICAL CONCRETE BLOCKS

7.5.1  General Description

Placing of cover layer materials on the slope of embankments, shanks of impermeable groy-
nes erc. shall start only after the toe of the revetment has been laid completely. It shall start at
the toe of the slope in horizontal layers working upwards in a careful manner so as to avoid
disturbance / damage (or, in case of granular filter layers, misplacement of the previous
layer, and mixing up. washing out, disintegration, sliding, etc.). The method of placing has to
ensure a minimum of voids. but a maximum of interlocking of the cover layer components,

Single blocks of a revetment are placed directly on the filter layer with no direet connection
to adjacent the blocks, except by interaction. Thus, the stability of the cover layer is depend-
ent on the stability of individual blacks, the size of which may be determined using the for-
mulas of Chapter 5 and Design Plate A for current attack and wave attack respectively,

Above the water level concrete blocks shall be laid by hand on the filter layer in rows paral-
lel to the direction of the flow. The blocks in each row shall be stagpered half a block width
from those in the previous rows. Adjacent blocks in the same row shall be Taid with a gap
between them of 10 mm if the block size is less than 50 em, and of 20 mm if the block size s
50 cm or more.

Filling the space between adjacent blocks with granular material can enhance the stability of
the cover layer. This has the effect of developing friction between the blocks provided that
the granular material remains in place. Since the blocks are not connected. replacement of
individual blocks and thus maintenance of the revetment is casy.

Below the water level concrete blocks shall be laid by controlled dumping with a nominal
voids ratio of 35%. The nominal thickness of revetment cover layers shall be achieved over
at least 75% of the area and nowhere shall the coverage be less than 80% of that as per speci-
fication.

A regular inspection and maintenance programme is recommended.

7.52  General Material Description

Cement shall be Ordinary Portland Cement complying with BS 12 or equivalent standard
and fine and coarse aggregates shall comply with BS 882: Part 2.

Fine aggregates shall be clean natural sand free from injurious amounts of silt, clay, salt,
organic or other harmful impurities.

Coarse aggregates for concrete blocks to be used in cover layers or falling aprons of a revet-
ment shall be broken first class bricks, which are sound, hard and well burnt, uniform in size,
shape and colour, homogeneous in texture and free from Maws and cracks. The minimum
compressive strength of bricks should be 15 N/mm? and the maximum water absorption,
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which is the increase in weight after absorption in water for one hour, shall not be more than
16 Y.

The witer used for concrete mixing and curing shall be fresh water, clean and free from any
substance injurious to the finished product. It shall meet the requirements of BS 3148 or
equivalent.

The mix proportions shall be 1:3:6 and the cement content at least 260 kg for one m’ ready
imixed conerete, The free water to cement ratio shall be within 0.45 to 0.55 by weight.

During the production of concrete blocks quality tests shall be performed in accordance with
relevant standards. The minimum compressive strength of each test cube after 28 days shall
be 15 N/mm? and the minimum average compressive strength of each series of three test
cubes shall be after 28 days 20 N/mm?®. The size of the test cubes shall be 20x20x20 cm.

Compaction of the concrete shall be properly done to secure maximum density and strength
and the curing shall begin as soon as the conerete is sufficiently hard and shall be continued
for 10 days.

753  Technical Specification for Cubical Concrete Blocks

Precast cement concrete blocks (¢e-blocks) shall be of concrete Class B 15, DIN 1045 (crushing
strength = 15 N/mm? after 28 days) and shall be made to the dimensions specified on the
Drawings and the Bill of Quantities. and to the tolerances specified in Section 7.5.3.9. The
materials and workmanship shall comply with the Specification herein in all respects.

The Contractor may, subjeet to the approval of the Employer, modify the geometry of the large
blocks slightly to facilitate its handling and placing e.g. by incorporating cylindrical holes or
horizontal Tecesses, However, the finished weight of the blocks shall not be altered by such
modification.

Blocks shall not be stockpiled until they have been cured in accordance with Section 7.5.3.9
hereof. They shall not be placed in the Works until at least twent y-cight days afier casting have
elapsed or the specified strength has been achieved.

Blocks, which are damaged during stockpiling, transport or handling, will be rejected by the
Employer and shall be removed from the Site by the Contractor.

7.53.2 Cemefnt

Cement shall be Ordinary Portland Cement complying with BS 12 or equivalent standard. A
works test certificate must accompany each cement consignment delivered to the Site. In the
absence of certificates, samples of cement shall be taken from the consignment on arrival at
Site, in the presence of the Employer. These shall be forwarded for analysis and testung to a
laboratory acceptable to the Employer.
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Cement may be delivered in sealed bags and shall be stored in a heat and moisture-protected
and well-ventilated store. Each cement supply shall be stored separately and the cement shall be
consumed in the sequence of its arrival at Site.

Cement. which is damp or contains lumps, which cannot be broken 1o original fineness by
finger pressure, must be condemned irrespective of age and must be removed from the Site.

7.5.3.3 Concrete Aggregate - General

Fine and coarse aggregates shall comply with BS 882: Part 2. Testing of aggregates shall be in
accordance with BS 812.

Approval of a source of aggregate by the Employer shall not be construed as constituting the
approval of all materials to be taken from that source and the Contractor shall be responsible for
the specified quantity and quality of all such materials used in the Waorks. The Contractor shall
not obtain ageregates from sources that have not been approved by the Employer.

The Contractor shall provide appropriate means of storing the aggregates at cach point where
concrete is made, such that

. each nominal size of coarse aggregate and the fine aggregate shall be kept separated at all
times;

- contamination of the apgregates by the ground or other foreign materials shall be
effectively prevented at all times, and

. each heap of aggregate shall be capable of draining freely.

The Contractor shall make available to the Employer such samples of the aggregates as he may
require. Such samples shall be collected at the point of discharge of aggregate to the batching
plant or mixing machines, If any such sumple does not conform to the Specification, the
aggregate shall promptly be removed from the Site and the Contractor shall carry out such
modifications to the storage arrangements as may be necessary to sceure compliance with the
Specification.

7.5.3.4 Fine Aggregates

Fine aggregates shall be clean natwral sand of sharp angular grains of silica and the grains shall
be hard, strong and durable. Fine aggregates shall be free from injurious amounts of silt, clay,
salt and organic or other harmful impurities. The fineness modulus shall be 1.5 10 2.0.

The grading of fine aggregate for concrete shall be withim the following range:

BS 410 150qm | 300nm | 600nm [ LI¥mm | 238 mm | 5.0 mm
Standard Mesh No, 100 No. 50 No. 30 No, 16 No, § No.4
Yy of passing 0-10 20-35 35-70 63-85 B5-100 | 953-100

Table 7.5-1: Grading lor fine aggregate for concrete
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7.53.3.5 Coarse Apprepates

Coarse aggregates for concrete blocks to be used in cover layers or falling aprons shall he
broken first class bricks or so-called "picked Jhama" bricks,

Picked Jhama bricks shall be over-bumnt first class bricks, uniformly textured, with good shape,
slightly black in color and without cracks and spongy areas. Otherwise picked Jhama bricks
shall meet the same Specification as first class bricks.

First class bricks shall be sound, hard and well burnt, uniform in size, shape and colour,
homogeneous in texture and free from flaws and cracks. A fractured surface shall show a
uniform compact structure, free from holes, lumps or grit. Minimum crushing strength shall be
I5 N/mm2. Maximum water absorption shall be limited to an increase in weight after
absorption in water for one hour by not be more than 16 percent.

Coarse aggregates shall be well graded within the following range, to the satisfaction of the
Employer:

BS 410 75 mm 37.5mm | 20 mm 10 mm 5 mm
Y of passing 100 95-100) 35-70 1040 0-5

Table 7.5-2: Grading for coarse aggregate for concrete

7.5.3.6 Water

The water used for concrete mixing, curing, or other designated applications shall be fresh
water, clean and free from oil, salt acid, alkali, sugar, vegetable or any other substance injurious
to the finished product. The water shall meet the requirements of the Standards, in particular
DIN 4030 or BS 3148,

The Contractor as per BS 3148 shall examine water obtained from a source other than a public
piped supply of petable water with regard to its suitability for producing concrete. The
certificates are to be submitted to the Employer.

7.5.3.7 Nominal Conerete Mix for Blocks

Concrete for concrete blocks shall correspond to concrete Class B 15, DIN 1045, with the
following requirements (tested at cube specimen of size 20 x 20 x 20 cm):

. minimum compressive strength after 28 days of cach test cube: 15 N/mm?
. minimum average compressive strength after 28 days of each series
of three test cubes: 20 N/mm?,

The mix proportions shall be 1:3:6 and the cement content shall be at least 260 kg for one m” of
ready mixed concrete.

The free water to cement ratio shall be within 0.45 to (.55 by weight.
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7.5.3.8 Quality Control

During production of conerete blocks guality tests shall be performed in accordance with DIN
1045 or BS,

Six test cubes of 20 x 20 x 20 em shall be prepared on every day of block production for each
100 m” of concrete poured to verify the compressive strength. In case more then one batching
plant is supplying material for CC-block production, one set of six test specimen is to be
produced for each plant on every working day. Alternatively cylindrical test specimen may be
used.

Three each of each set of the test specimen shall be tested after 7 days and 28 days of its
production. The compressive strength shall at least correspond to the minimum values stipulated
under Section 7.5.3.7.

7.5.3.9 Production

Formwork and moulds shall ensure maintaining designed shapes and block sizes. They shall
preferably of steel.

Mixing of conerete shall be done thoroughly to ensure that conerete of uniform color and
consistency is obtained. Unless otherwise permitted by the Employer hand mixing of concrete is
prohibited. Batching plants shall be used for mixing conerete.

The ingredients of concrete such as cement, fine aggregates, coarse aggregales and water shall
be measured correctly for each batch of mixing. In case of volumetric batching the bulking of
aggregates must be accounted.

Concrete shall be transported from the place of mixing to the place of final deposition as
quickly as possible. The methods adopted should ensure that concrete is placed in position
within 45 minutes, so that the evaporation and segregation of the mix is prevented, Rehandling
shall not vceur.

Concrete shall be placed direetly in its final pusition avoiding segregation. Conerete should be
placed gently at its position and not thrown from a height. Before placing concrete the
formwork and moulds shall be cleaned and well wetted. to the satisfaction of the Employer.

Compaction of concrete shall be properly done to secure maximum density and strength. 1t shall
be done immediately after placing of concrete.

Curing shall begin as soon as the concrete is sufficiently hard and shall be continued for 10
days. Curing methods may be by spraying water 10 the conerete, or by covering the conerete
surface with a layer of gunny bags. canvas. hessian, straw or similar absorbent materials which
is 10 be kept constantly wet, or another method approved by the Employer.

The ready concrete blocks shall not deviate by more than + 3% by weight from the size
specified on the Drawings or in the Bill of Quantities.
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7.6 BRICK MATTRESSING

7.6.1  General Description

Brick mattressing is to be made of two layers of first class bricks, encased in double layer of
12 SWG galvanised or PVC-coated wire netting of less than 100 mm hexagonal mesh size,
and with 12 SWG galvanised tic wires, bonding firmly the upper and lower wire mesh laver,
at maximum 30 ¢m centre to centre spacing.

Brick mattressing is to be firmly supported by a footing of rubble or concrete blocks, which
must be completed prior to laying any mattress,

The bottom layer of bricks shall be laid flat on the filter in rows parallel to the direction of
current flow, with tight joints. The second layer shall be laid in herringbone bond. Thereby,
the bricks of the second layer shall be laid flat for 15 cm thick mattresses, but in upright posi-
tion for 20 cm thick mattresses

Plan view of typical brick mattressing
(d=15cm)

Cross-section of 15 ¢m thick brick mattressing

Figure 7.6-1: Details of brick mattressing

7.6.2  Material Specification

Bricks to be used in mattresses for cover layers shall be first class bricks, sound, hard, well
burned, uniform in size and colour, homogeneous in texture, well shaped with sharp edges,
with even surfaces and without cracks, spongy areas, rain spots or flaw of any kind.

A fractured surface shall show a uniform compact structure, free from holes. lumps or grits.

In the water absorption test the increase in weight shall be less than 16% after deposition in
water for one hour.

The brick dimensions shall be 240 x 120 x 70 mm, with £ 5 mm tolerance for any of the di-
mensions.
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Brick mattress,herring bone
bond ,d=15cm

|
Selected sandy fill
Iayerwise compaction,
{compoctness D: 0610 075}

Geotextile fitter

Figure 7.6-2: Typical detail at embankment top with anchoring of geotextile filter mat

k layer in upright position (mat-
tress thickness 18 cm)

Placing of upper br

Placing of toe protection and support tor brick mat-
tressing

Completed brick manressing with toe protection

Site manutacture of wire mesh for brick mattressing

Figure 7.6-3: Brick matiressing works
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¥ £ RIP-RAP AND BONDED STONES

7.7.1  General Description

7.7.1.1 Rip-rap
One of the most common type of protective cover layer is rip-rap, which generally comprises
well graded and randomly placed stone or rock. It has the following advantages:

. casily to place, also under water;

. high hydraulic roughness to alternate currents and waves:
- flexibility;

. low maintenance requirements and convenience to repair;
. self-repairing to some extent;

*  durability, and

. environmentally accéptable appearance.

The nominal size and the grading range of the material depend on the hydraulic loads and can
be determined by application of the relevant formulas in Chapter 5 and Design Plate B for
current attack and wave attack respectively.

The specific gravity of the stones can vary from 2.0 tm?* for sedimentary rocks up to 2.9 t/m’
for igneous rocks, but is typically in the range 2.5 t0 2.7 t/m’,

The best suited are angular, nearly cubical stones. The ratio of the maximum to the minimum
dimension of a stone should be less than 3 to 4. It is recommended that typical ratios for bunk
protection should be less than 2.5 for 70'% of the stones, leéss than 2.0 for 85 % and less than
2.5 for all stones.

The mixture of stones should form a smooth grading curve and for optimisation of the stabil-
ity of the cover layer it is recommended to keep the gradation within the limits shown in the
respective grading diagrams, with a coefficient of uniformity C,, < 2.15.

Rip-rap protective layers can be constructed without special equipment. It can be dumped on
slopes not exceeding 1:2 or hand-placed on slopes not steeper than 1:1.5, but the recom-
mended slope is 1:3.

Special care must be taken in case of geotextile filter layers, which can be damaged by the
angular shape and sharp edges of the rip-rap material. It is therefore recommended to use
cither a geotextile resistant to localised stresses or to provide a granular sublayer of smaller
stones or gravel to act as a protective layer.

When placing rip-rap on an under water slope by dumping, the material can become segre-

gated depending on the flow velocity. the water depth and the stone sizes. Therefore, it
should be released as close as possible to its final position. Installation of the latter, however,
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is only possible in areas with limited flow velocities and requires relevant experience of the
contractor.

To enhance the stability of rip-rap against hydraulic forces, bonding by colloidal cement grout
or sand-bitumen mix are suitable and easy to apply methods, For a given situation the nominal
size of rip-rap stone may be reduced if bonding is provided, as compared to loose rip-rap
structure.

7.7.1.2 Bonded Rip-Rap

In order to improve the stability of a cover layer and hence of the whole revetment, rip-rap
and pitched stones can be bound with colloidal cement grout or bitumen. There are 3 basic
methods of grouting:

. Surface grouting fills about 30 % of the surface voids over the whole area. The grout
penetrates the surface layer, but the cover layer is not completely sealed:

e Pattern grouting fills 50 to 80 % of the voids. The whole thickness of the cover layer is
penetrated with an appropriate pattern;

. Full grouting fills 100 % of the cover layer voids resulting in an impermeable and heavy
cover layer.

To provide a more permeable revetment, it is recommended that nat more than 70 % of the
surface should be grouted. When the permeability is reduced, the stability of the cover layer
may be adversely affected by excess pore water pressure. In such cases weepholes should be
provided to avoid a massive failure,

Surface grouting may be given consideration when deciding the nominal stone size for a re-
vetment protection. Generally a reduction of the nominal stone size for the stability under
wave attack by up to 10 % may be considered, for pattern grouting up to 40 %.

7.7.2  Technical Specifications

7.7.2.1 Stone Fill (Rip-Rap)
(a) General

Within this Section “stone” shall include natural stone material obtained from rivers or quar-
ries. The material supplier shall satisfy himself that the sources of materials in Bangladesh or
abroad have sufficient dapacity to meet the requirements of the project. In the context of ca-
pacity. both the quantity of production and its compliance with the delivery schedule must be
taken into account,

th)  Material Standard and Tests

The muaterial shall be free from dirt, sand. gravel and materials of organic origin (roots etc.).
and shall be good sound stone | rock without cracks/fissures 1o avoid breaking during
handling and placing or dumping.
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General view of a completed rip-rap revetment

Revetment of nip-rap placed on a granular filter

Pattern grouting

Full grouting

(Source: PIANC, [992)
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Figure 7.7-1: Rip-rap and bonded stones
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The following standards shall apply:

. BS 812: Testing aggregates
. ASTM C 8X; Aggregate soundness
. ASTM C 535:  Abrasion resistance

The following test result shall be venified and respective reports. and certificates submitted:

. The weight average loss shall not exceed 10% by weight, when subjected to the ASTM
C-88 Sodium Sulphate Soundness Test.

© The average bulk specific gravity of any sample shall be in the range of 2600 kg.-"m‘ (BS
812, Part 2, Chapter 6. 3).

. Water absorption of rock material shall not exceed 6 % (BS 812, Part 2, Chapter 3).
- Minimum compressive strength as per ASTM € 170-50: 100 N/mm=.

e The percentage of wear shall no exceed 40% (ASTM C 535), when subjected to the Los
Angeles Test.

Only stone / rock with a factor not exceeding 2.5 between the longest and shortest dimension
of the rock shall be allowed in the delivery.

t¢)  Grading Tests at Point of Delivery

Testing at the agreed point of delivery (stockpile yard) shall take place at the supplier's
expenses. The location for testing shall be arranged by the Contractor and approved by the
Emplayer.

The gradation of materials stock piled at the yard shall be tested ut least one time for each
500 t of delivery.

Samples for determination of weight gradation shall contain at least 100 mdividual stones /
rocks. The samples shall be taken by random seleetion from each specified gradation to obtain
representative samples, and shall confirm to the grading shown in Table 7.7-1 to Table 7.7-3.

Should tests show non-compliance with the specified gradation range the Employer may order
more tests to be performed. In case the additional tests show non-compliance the Employer

may reject whole or part of the rock delivery.

Rejected material shall be removed from the stock pile vard or blended with suitable rock
sizes by the Contractor at his own expense, all to the approval of the Employer,

7.7.2.2 Cement-Grouted Rip-Rap Layers

In designated areas, rip-rap cover layers may be bonded by sand-cement grout to secure the
stability and integrity of the revetment cover layer, Cement grout or sand-cement grout 1o be
used for bonding stones in cover layer is defined 1o be anly colloidal grout.
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Range “i Smaller than (by weight) [kg) Stone Sizes {cm)
Wi Wi W iaa Dys Dsy Dy
min, 8.3 20.8 41.6 1s 20 25
[ max 2% 312 £3.2 20 7 32
Table 7.7-1: Grading Range €
(suited for rip-rap layers with bitumen pattern grouting)
Range D " Smaller than (by weight) [ko] Stone Sizes [em)
Wis W W ioa Dy Dsa Dis
min. 16.3 406 81.3 I8 25 32
max; 427 w9 1625 25 29 40

Table 7.7-2: Grading Range D
(suited for rip-rap layers with surface grouting by colloidal cement grout grouting)

Range.F % Smaller than (by weight) [kg] Stone Sizes [¢m]
Wis Wy Woon Dis Dy Djun
min. 28.1 70.2 140.4 22 0 38
max. Ba 1053 237.0 3 34 45

Table 7,7-3: Grading Range E
(suited for rip-rap layers without additional bonding)

In the above tables the following definition applies:

Dy = nominal size/digmeter of stones

Wis = 15% of the stones of a gradation range may be less than the werght specified against W 5:
Wi = 50% of thestones ofa gradation range shall be at least of the weight specified against WS();
Wiw = 100% of the stonés of a gradation range shall not exceed the weight specified against W 100.

The bonding is to be carried out as surface grouting, whereby, however, an adequate
permeability of the cover layer has to be guaranteed by absolute controlling the quantity of
grout placed per area. The cement grout has to be poured in such a way to ensure that all stones
and boulders of the cover layer are well bonded and secured against displacement by hydraulic
forces, including uplift forces. The quantity of grout to be applied depends on the volume of
voids of the stone material.

For surface grouting of cover layers (Ds; = 25 cm, Grading Range D, layer thickness = 50 em)
above water level, where the stone material can be placed well and relative dense, at least
100 Itr. grout per one square meter of surface area are to be applied.

For above-water areas, the cement grout should be supplied to the surface to be grouted by

pump, using flexible hoses. However, manual pouring by use of buckets is also possible as
long as the quantity of grout placed can be properly controlled.
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Transitions into adjacent test structures with loose stone cover layers shall be grouted with
- 3 - .
50 ltr./m” for a width of 10 m.

Cement grout shall only be produced in a high-speed mixer with at least 2,200 rpm (so-called
colloidal grout mixer).

The minimal cement content for colloidal grout is 350 kg/m®. Only fresh cement is to be used
and its guality is to be verified by the Contractor through factory test certificates or
independent tests by a recognized material testing laboratory. The water-cement ratio is to be
maintained at 0.6,

Clean sand of grading range 0-2 mm may be used as aggregate for the colloidal grout at a
quantity of about 1.600 ke/m’ grout.

The ageregate should comply with the following granulometric composition:

Grain size [mm] Percenlage passing
the test sieve (by weight)
0325 =25
0.50 =60
2.00 =490
4.00 100

Table 7.7-4: Grading of aggregates for cement grouted rip-rap layers

The water used for cement grout mixing shall be fresh water, clean and free from oil, salt
acid. alkali, sugar, vegetable or any other substance injurious to the cement grout. The water
shall meet the requirements of DIN 4030 or BS 3148.

The Contractor prior to starting the work shall carry out trial mixes. Thereby the selected
materials and mixing equipment must be the same as will be used subsequently at the Site,

The trials shall include:

. cement quality tests,

. grain size distribution tests of aggregates,
. consistency tests, and

. compressive strength tests.

-

The compressive strength shall be verified on test specimen of size 20 x 20 x 20 em, and a
comprehensive test report is to be submitted to the Employer for approval. The test results
shall be 20% above the standard values stipulated in the following.

7-38 DECEMBER 2001



RLOD

7.7 RIP-RAP AND BONDED STONES

The standard compressive strength of the cement grout shall meet the following requirements
when tested on test cubes of size 20 x 20 x 20 cm after 28 days of pouring.

- Characteristic strength (minimum compressive strength of each cube); 25 N/'mm”

. Series strength (minimum compressive strength
of each series of three cubes): 30 N/mm®

For each day on which grouting works are being carried out at least three test specimen (size
20 x 20 x 20 cm) are to be prepared.

The consistence of colloidal grout. when subjected to the flow table test as per DIN 1048/1
shall be in the following range:

“ One minute after lifting the mould, without striking the flow table:

diameter of grout spread on the table

(mean value as measured in two directions): a=324+2em
. When measured immediately after striking the flow table 15-times:

diameter of grout spread on the table
(mean value as measured in two directions): a=48+2¢cm.

1723 Bitumen-Grouted Rip-Rap Layers

In designated areas rip-rap cover layers may be bonded by pattern grouting, using bituminous
mortar, to achieve a flexible but integral cover layer, which can withstand substantial
hydraulic loading.

To maintain the required permeability of the revetment cover layer not more than 70% of the
stone structure should be grouted.

Good mix composition and execution of the grouting work is essential to ensure that the
grouting mortar does not remain in the top layer or sags to form a dense layer below.
Therefore highest attention is to be paid to control the proper viscosity of the grout by adding
appropriate amount of aggregate to the mix and to maintain the correct mix: temperature up to
the time of pouring the bituminous grout on to the stone cover layer.

For rip-rap cover layers of Grading Range C (Dsg = 20 cm) the quantity of bituminous grout
should be in the range of:

. layer thickness 40 ¢m : 90 to 110 Itr./m’
- layer thickness 50 ¢m : 120 to 140 Itr./m’

Trials are to be carried out at Site by the Contractor to determine the practical quantities of
grout required in accordance with the realistic volume of voids of the placed stone cover
layers, subject to Employer's appraval.
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The bitumen used as a binder for grout shall be penetration graded bitumen of penetration
Grade 80 - 100 and shall meet the requirements of BS 3690.

The Contractor has to submit to the Employer a certificate of origin of the bitumen as well as
respective fuctory test certificates or have bitumen samples tested at a recognized material

testing institute, to prove compliance with the Standard,

Clean sand of grading range 0-2 mm is to be used as aggregate.

Grain size [mm] Percentage passing
the 1est sieve (by weight)
0.25 =25
0.50 < ol
2.00 =90
4.00 100

Table 7,7-5: Grading of aggtegates for bitumen-grouted nip-rap lavers

Filler shull consist of limestone dust or Portland cement, It shall be free from lumps and other
objectionable material and its grading shall comply with the following:

Sieve size BS 410 Percentage passing

601 micron

1 86) micron

75 micron

100
100 - 95
100 - 80

Table 7.7-6: Grading of filler for bitumen-grouted rip-rap layers

The composition of bituminous grout shall be 1n the following range:

Component Composition Percentage by Weight
Range Suggested
Sand (-2 60-70 67
Filler 10-30 14
Bitumen Grade 14-20 19
BOMO0

Table 7.7-7: Composition of bituninous grout

The Coniractor in consuliation with the Employer shall determine the optimal mix
composition. A comprehensive repart on trial mixes, including grading tests of aggregates and
filler, bitumeén tests, mixing methods, temperature and the recommended mix design is to be
prepared by the Contractor and to be submitted to the Employer for approval.

7-40

DECEMBER i



R oL
7.7 RIP-RAP AND'BONDED STONES

For the quantity of bituminous grout o be produced for the pilot project the employment of an
asphalt mixing plant cannot be justified, Therefore, traditionally customary methods may be
used and the Contractor has to submit respective detailed proposals to the Employer for
approval,

The following principle requirements have to be met:

. Separate and clean storage facilities are to be provided for bitumen, sand and filler, so
that contamination with other materials cannot occur,

. The mixing facilities shall be arranged in a way that representative samples of the mix
components can be taken.

= The temperature of bitumen and of the mineral aggregates is to be constantly controlled
and recorded.

. The mixing facilities are to produce a homogencous mixture of bitumen, aggregates and
filler.

Aggregates are to be dried to such an extent that the moisture content has a maximum value of
0.1% (by weight). when supplying the aggregates to the mixing facilities. Respective tests are
to be carried out by the Contractor in the presence of the Emplover's Representative and
results are to be recorded,

The heated mineral fractions shall have a minimum temperature of 140° Celsius and a
maximum temperature of 220° C.

Bitumen, which has been heated to exceed a temperature of 1907 Celsius, shall not be used for
bituminous grout,

During transport of the mix from the mixing facilities to the place of pouring the bituminous
grout is to be protected against adverse weather conditions.

When applying petroleum as an anti-adhesive to the means of transport the use shall be
limited to uniformly applied quantitics not exceeding 50 g/m?.

Immediately prior to pouring the bituminous grout the application temperature shall be in the

range of 100° to 140° Celsius, which is to be regularly controlled at the spot, in the presence
of the Employer's Representative,
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7.8 WIREMESH MATTRESSING

7.8.1  General Description

Wiremesh cages for matress-type protective layers are containers made of galvanised or
PVC-coated steel wire mesh. The cage thickness is depending on the hydraulic load and the
fill material. Normally, they are filled with stones. The size of the stones and the thickness of
the mattresses can be determined using the formulas of C hapter 5 and Design Plates C and D
for current attack and wave attack respectively.

Wiremesh mattresses are very flexible elements. The thickness ranges between 15 em and 36
em for standardized structures SC2 or SC 3. They are used in a single layer to form a protec-
tive cover layer to the surface of a river- bank or an embankment, the slope of which is rec-
ommended at 1:3, but should not be steeper than 1:1.5.

Wiremesh mattresses are to be pre-assembled and, if installed above the water level, placed
on the designated slopes or the floodplain. They have to be stretched out on the surface and
any unnecessary creases must be stamped out. If the finished mattress is to be less than the
full length, the required length is cut off,

The diaphragms must be perpendicular to the direction in which the filling will move, either
down the slope or in the direction of the flow, Prior to filling, the individual cages must be
connected to each other along all comers using the proper lacing wire,

When the mattress is placed on a geotextile filter, care must be taken to ensure that projecting
ends of the wire are bent upward to avoid puncturing or tearing the filter cloth.

In case the mattresses have to form a curve, individual mattresses can be divided diagonally to
form two triangular sections. The open side of one section is to be butt-jointed to the intact
side of the next section. Placing whole mattresses between triangular sections can modify the
curve.

The filler material must have a nominal diameter of about 1.5 times the mean mesh dimension
and individual units should be greater than the nominal mesh size. Accordingly, the minimum
stone size acceptable for such mattress fill should not be less than D = 10 cm, i.e. just larger
than the wire mesh dimensions.

Brick fill of mattresses shall be carried out using only full-size and half-size bricks. Any fill
material shall be properly and densely dumped in the mattress cages in order to fill the units to
maximum extent with the minimum of voids. Particular attention is to be paid to neat filling at
the mattress corners.,

Partial or full grouting with asphalt mastic can increase the stability and durability of gabion
matiresses.
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Where mattresses are to be installed below the water level, individual mattresses are to be pre-
assembled and joined to units, which are to be filled densely with the specified material. After
closing the lid covers tightly, the complete unit is to be lified by special appropriate means
and to be laid on the prepared slope or bed. Proper and tight placing of the units must be en-
sured one closely to the other. This work requires employment of heavy crane equipment:
This, in conjunction with the high executional risk when working under strong river flow
conditions, concludes that use of such mattresses for under water application is not recom-
mended for standardized structures SC 2 and SC 3.

7.8.2  Material Specifications

7.8.2.1 Wiremesh Cages

Wireniesh mattresses are large and thin box-type construction elements made of zine plus
PVC-coated hexagonal double twisted wire mesh (wire dia. 2 mm /3 mm imcluding coating
layers), The mesh is stretehed on steel bars with a diameter of at least [2mm, which form the
edges of the mattress cages.

Mattress dimensions of 4 x 2 m are recommended. with partitions at every | m.

The nominal mesh size varies from 44 x 60 mm to 100 x 120 mm. The recommended mesh
size 15 60 x 80 mm,

The mattress thickness depends on the type of fill material and is selected to

. d =23 ¢m (stone fill)
. d =36 cm (full-sized brick-fill)

. d =36 cm (stone fill, at exposed situations)

The wire mesh must comply with the following factory specifications:

. the wire used for the manufacture of matiress and the lacing wire shall have a tensile
strength of 38-50 kg/mim” according to BS 1052/80 "Mild Steel Wire".

- Zine coating at 240 g/m” meet the requirements of BS 443/32 and DIN 1548,

. PYC-coating conforms to ASTM and has a thickness of 0.5 mm.

7.8.2.2 Brick Fill Material

Bricks to be used for mattresses filling in cover layers shall be first c¢lass bricks, sound, hard,
well burned, tniform in size and color, homogencous in texture, well shaped with sharp
edges, with even surfaces and without cracks. spongy areas, rain spots or flaw of any kind.

The brick dimensions shall be 240 x 120 x 70 mm, with = 5 mm tolerance for any of the di-

mensions. Minimum crushing strength shall be 15 N/mm?®. In the water absorption test the
increase in weight shall be less than 16% after deposition in water for une hour.
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7.8.2.3 Stene Fill

The stones shall be good sound material without cracks/fissures to avoid breaking during
handling and placing or dumping.

The following standards shall apply:

. BS 812: Testing aggregates
. ASTM C 88: Aggregate soundness
. ASTM C 535: Abrasion resistance

The following test result shall be verified and respective reports and certificates submitted:

. The weight average loss shall not exceed 10% by weight, when subjected to the ASTM
C-88 Sodium Sulphate Soundness Test.

. The average bulk specific gravity of any sample shall be in the range of 2600 kg/m’ (BS
812, Part 2, Chapter 6, 3),

» Water absorption of stone material shall not exceed 6% (BS 812, Part 2, Chapter 5),
. Minimum compressive strength as per ASTM C 170-50: 100 N/mm?,

. The percentage of wear shall no exceed 40% (ASTM C 535), when subjected to the Los
Angeles Test,

Only stones with a factor not exceeding 2.5 between the longest and shortest dimension of the
stone shall be allowed in the delivery.

7.8.2.4 Grading Tests at Point of Delivery

Testing at the agreed point of delivery (stockpile yard) shall take place at the supplier's ex-
penses. The location for testing shall be arranged by the Contractor and approved by the Em-
ployer,

The gradation of materials stock piled at the yard shall be tested at least one time for each
500 t of rock delivery.

Samples for determination of weight gradation shall contain at least 100 individual rocks. The
samples shall be taken by random selection from each specified rock gradation to obtain rep-
resentative samples, and shall confirm to the following Table 7.8-1 and Fig. 7.8-1.

Range B | % Smaller than (by weight) [kg] Stone Sizes [cm]
Wis Wi Wi Dy« Dsp Dy
min, 35 8.8 17.6 11 15 19
max. 9.2 13.2 35.1 15 17 24

Table 7.8-1: Stone ranges for fill of wiremesh mattresses
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7.9 INTERLOCKING CC-SLAB UNITS

79 INTERLOCKING CC-SLAB UNITS

7.9.1  General Description

In a drive to reduce the cost for standardized revetment cover layers various shapes of con-
crete slabs, which are interlocking, have been developed to provide more positive intercon-
nection between the individual blocks. The interlocking gives an additional stability by in-
cluding the weight of adjacent blocks and thus the weight of the individual blocks can be re-
duced. However, the increased stiffness of the cover layer in comparison with loose blocks
can lead to the bridging of small scour holes or rain cuts, which may have unnoticeable dan-
gerous dimensions and collapse.

Twao popular systems are rectangular slabs with ship-lap type joints respectively tongue-and-
groove joints, The stability of both types depends among other things on the strength and du-
rability of the interlock, because the block would not be stable by its weight alone. The pro-
duction of such slabs requires high accuracy, wherefore such systems should be factory-made.
It is a further disadvantage that such slabs are susceptible to damages during transport and
handling.

Interlocking slabs are generally placed by hand. They are suited only for installation above the
water level, and are not suited for laying at sharp curvatures, e.g. at termination arcas. Re-
placement of individual slabs within maintenance services can be difficult,

Based on the experience gained within the FAP 2] pilot project these slab-type protection
Systems are not yet recommendable due to various implementation risks involved. However,
with a view to their cost-effectiveness., it is worthwhile to further improve these systems,

7.9.2  Material Specifications

Interlocking cement conerete slabs shall be factory-made, using block-making machines or
vibrator tables. The concrete quality shall be to Class B 45, DIN 1045, corresponding to a
concrete compressive strength of at least 45 N/mm®. Cement shall be Ordinary Portland Ce-
ment complying with BS 12 or equivalent standard. Minimum cement content should be 350)
kg for one m’ of ready mixed concrete. Conerete aggregates shall be sand and gravel, respec-
tively crushed stone, but Khoa shall not be used under any circumstances. All fine and coarse
aggregates shall comply with BS 882: Part 2 and be clean and free from injurious amounts of
silt, clay, salt, organic or other harmful impurities. Aggregate grain size distribution should be
0~ 16 mm. The water used for concrete mixing and curing shall be fresh water, clean and free
from any substance injurious to the finished product. It shall meet the requirements of BS
3148 or equivalent, The free water to cement ratio shall be maximum 0.45 by weight, During
the production of concrete blocks quality tests shall be performed in accordance with relevant
standards. The minimum compressive strength of each test cube after 28 days shall be 45
N/mm? and the minimum average compressive strength of each series of three test cubes shall
be after 28 days 50 N/mm? with test cubes size 20x20x20 em. Compaction of the conerete
shall be properly done to secure maximum density and strength and the curing shall begin as
soon as the concrete is sufficiently hard and shall be continued for 10 days.
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Handling of ship-lap slabs for placing on the
prepared slope

General view of eompleted protective layer

Installation pattern for ship-lap skibs

T

l.i.l._ ey . E— ":9/: ¥ ‘-{J
| - s e N N\ ‘
gl k- ! \> o .—-‘[I
e /] _,\ - =i | ,5||
== | B0 R | ’//";;::’/" - t
p— N
N

Cross-section of ship-lap slab
Recommended thickness:
150 mm

L Strugture Class SC 2:
200 mm

Isometric view of a single ship-lap slab
(tor 8C 2)

Structure Class SC 3

| S

Figure 7.9-1:  Ship-lap type cement conerete slabs
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Figure 7.9-2: Groove tongue cement concrete slabs
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7.10 LAUNCHING APRONS
7.10.1  Articulating CC-Block Mattress System (ACM)

7.10.2.1 General Deseription

Articulating cc-block mattress systems (ACM) consist of in-situ cast cement concrete blocks
fixed to a geotextile filter-cum-bearing mat, and which are tied together cross-wise by multi-
wire steel cables, The main advantages of such an integrated mattress system are:

* articulating behavior

* cnhanced flexibility and stability over individual protective elements
e improved sustainability against erosion processes

e reduced risk of localized failure

» case of construction in a dry construction pit

* minimized problems regarding vandalism and theft

A heavy geotextile filter mat represents the base of the mattress. The filter mat must posses a
very high tensile strength and elongation behaviour due to the anticipated system deforma-
tions once the erosion process starts. The material should conform at least to the properties
specified in Section 7.4.2.3,

The cement concrete blocks are cast directly onto the filter mat and must be connected to the
mat by U-shaped steel needles.

To ensure integrity of the system, parallel and perpendicular steel wire cables are mn through
the in-situ cast blocks. All cables running perpendicular to the embankment slope are to be
anchored to deadmen at the base of the upper revetment,

The block size is to be determined using the formulas of Chapter 5 and Design Plate E for
current attack and wave attack respectively. The cabling should not be taken into account for
determining the individual block sizes, but they are provided to enhance the system stability
in case of extreme conditions from non-anticipated hydraulic forces or excessive riverbed
erosion processes.

Figure 7.10-1: Overview of ACM-launching apron with falling apron
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The cables should be multi-core steel, but not from synthetic fibres. The latter are plastic
based, and their durability as well as excessive elongation under load rule out their use. Fur-
thermore, they are more vulnerable to abrasion and vandalism.

Generally, such ACM would suit installation below water as well. Mattress units of appropn-
ate dimensions may be produced on-shore. For site handling, transport and placing suitable
steel frame arrangements are to be provided, to which the ready-made mattress can be sus-
pended. Heavy erawler cranes with large out-reach are teq uired, on-shore as well as off-shore.
Such heavy equipment is expensive, and may even not be available from common sources. In
addition, the Now conditions with the major rivers of Bangladesh would substantially increase
the construction risks; even prevent the execution at times. Thercfore, the use for under-water
installation is not recommended for Structure Categories SC 2 and 8C 3,

7.10.2.2 Technical Specifications
(@) Concrete Blocks for ACM

Cast in-situ cement conerete blocks for ACM shall be of concrete Class B 25, DIN 1045
(crushing strength = 25 N/mm? after 28 days) and shall be made to the dimensions specified
on the Drawings The materials and workmanship shall comply with the Specification herein
in all respects.

Cement

Cement shall be Ordinary Portland Cement complying with BS 12 or equivalent standard, A
works test certificate must accompany each cement consignment delivered to the Site. In the
absence of certificates, samples of cement shall be taken from the consignment on arrival at
Site, in the presence of the Employer. These shall be forwarded for analysis and testing 1o a
laboratory acceptable o the Employer.

Cement may be delivered in scaled bags and shall be stored in a heat and moisture-protected
and well-ventilated store. Each cement supply shall be stored separately and the cement shall
be consumed in the sequence of 11s arrival at Site.

Cement, which is damp or contains lumps, which cannot be broken to original fineness by
finger pressure, must be condemned irrespective of age and must be removed from the Site.

Concrete Aggregales

Fine and coarse aggregates shall comply with BS 882: Part 2. Testing of aggregates shall be
in accordance with BS 812,

Approval of a source of aggregare by the Employer shall not be construed as constituting the
approval of all materials to be taken from that source and the Contractor shall be responsible
for the specified quantity and quality of all such materials used in the Warks. The Contractor
shall not obtain aggregates from sources that have not been approved by the Employer.
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View of ACM from (uncompleted) berm
anchorage towards river-side
(randomly placed ce-blocks as falling apron)

Casting cc-blocks for an ACM

Figure 7.10-4: Installation of ACM CC-block mattrésscs

The aggregate mix for concrete shall be as coarse and dense as possible and shall be within
the limits of grading curves "A 16" and "B 16" respectively "A 32" and "B 32"
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Figure 7.10-5: Grading curves of concrete aggregates for ACM
(range A 16 and B 16, DIN 1045)
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Figure 7.10-6: Grading curves of conerete aggregates for ACM
{range A 32 and B 32, DIN 1045}

The Contractor shall provide appropriate means of storing the aggregates at each point where
concrete is made, such that

. cach nominal size of coarse aggregate and the fine aggregate shall be kept separated at
all times;

. contamination of the aggregates by the ground or other foreign materials shall be ceffec-
tively prevented at all times.

The Contractor shall ensure that graded coarse aggregates are tipped, stored and removed
from store in a manner that does not cause segregation.

The Contractor shall make available to the Employer such samples of the aggregates as he
may require, If any such sample does not conform to the Specification, the aggregate shall
promptly be removed from the Site and the Contractor shall carry out such modifications 10
the storage arrangements as may be necessary to secure compliance with the Specification.

Weter

The water used for concrete mixing, curing, or other designated applications shall be fresh
water, clean and free from oil, salt acid, alkali, sugar, vegetable or any other substance injurious
to the finished product. The water shall meet the requirements of the Standards, in particular
DIN 4030 or BS 3148,

The Contractor as per BS 3148 shall examine water obtained from a source other than a public

piped supply of potable water with regard to its suitability for producmg conecrete. The
certificates are o be submitted to the Employer.
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Nominal Concrete Mix

Conerete for concrete blocks shall correspond to conerete Class B 25, DIN 1045, with the
following requirements (tested at cube specimen of size 20 x 20 x 20 em):

. minimum compressive strength after 28 days of each test cube: 25 N/mm?®
. minimum average compressive strength after 28 days
of each series of three test cubes: 30 N/mm’,

The minimum cement content shall be 350 kg for one m’ of ready mixed concrete. The free
water to cement ratio shall be within 0.50 to 0.60 by weight.

The Contractor shall determine the optimal mix proportions through preliminary tests in
consideration of the site conditions, the intended transportation and placing method and as
otherwise required by the respective standard (DIN 1045),

wality Control

During production of conerete blocks quality tests shall be performed in accordance with DIN
1045 or BS,

Six test cubes of 20 x 20 x 20 em shall be prepared on every day of block production for cach
100 m" of concrete poured to verify the compressive strength. In case more then one batching
plant is supplving material for CC-block production, one set of six test specimen s to be
produced for each plant on every working day. Altematively cylindrical test specimen may be
used.

Three each of each set of the test specimen shall be tested after 7 days and 28 days of its
production. The compressive strength shall at least correspond to the minimum values stipulated
above.

Production

Formwork and moulds shall ensure maintaining designed shapes and block sizes. They shall
preferably of steel.

Mixing of concrete shall be done thoroughly to ensure that conerete of uniform color and
consistency is obtained. Unless otherwise permitted by the Employer hand mixing of concrete is
prohibited. Batching plants shall be used for mixing concrete.

The ingredients of concrete such as cement, fine aggregates, coarse aggrepates and water shall
be measured correctly for each batch of mixing. In case of volumetric batching the bulking of

aggregates must be accounted,

Conerete shall be transported from the place of mixing to the place of final deposition as
quickly as possible. The methods adopted should ensure that concrete is placed in position
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within 45 minutes, so that the evaporation and segregation of the mix is prevented. Rehandling
shall not oceur.

Concrete shall be placed direetly in its final position avoiding segregation. Concrete should be
placed gently at its position and not thrown from a height. Before placing congrete the
formwork and moulds shall be cleaned and well wetted. to the satisfaction of the Employer.

Compaction of conerete shall be properly done to secure maximum density and strength. It shall
be done immediately after placing of conerete.

Dependent on the size of blocks to be produced compaction may be done by hand (rodding and
tamping) or by mechanical vibrations, subject 1o Employer's approval.

Curing shall begin as soon as the concrete is sufficiently hard and shall be continued for 10
days. Curing methods may be by spraying water to the concrete. or by covering the concrete
surface with a layer of gunny bags, canvas, hessian, straw or similar absorbent materials which
is to be kept constantly wet, or another method approved by the Employer.

Side formwork may be removed after one day, if approved by the Employer.

The ready concrete blocks shall not deviate by more than = 5% by weight from the size
specified on the Drawings or in the Bill of Quantitics.

Concreting at High Ambient Temperatures

All measures required by the Contractor for carrying out concreting at high ambient
temperatures should be coordinated with and be acceptable to the Employer,

The temperature of fresh conerete shall not exceed 35°C, when placed in the forms. As the case
may be concreting shall be carried out carly in the moming or at night under exceptionally hot
weather conditions.

[f the Contractor intends to use special retarding or liquefying additives for the concrete mixes
preliminary concrete tests must be carried out at the expected placing temperature, 1o determine
and verify the effects of such conerete additives.

Immediately after its compaction, the conercte must be provided with an effective protection
against desiceation. Otherwise. high temperatures in combination with strong air flow and low
humidity may adversely affeet the quality and soundness of the respective structural concrete
member.

Desiceation of the water contained in the conerete may be prevented by immediate covering the

fresh concrete with water-proof and vapor-proof foils or films, or by other appropriate methods
to be proposed by the Contractor and acceptable to the Employer
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Steel Wire Cables

For standardized structures the steel wire cables used in the ACM shall at least fulfill the fol-
lowing characteristics:

Structure Category SC2

Diameter (minimum): 10 mm

Number of wires; 7 wires

Tensile strength (min.): = 1,570 N/mm? = 1,570 N'mm?
Rupture strength (min, ): 2 1,300 N/mm? = 1,300 N/mm?
Rupture load (min,) 80 kN 180 kN
Elongation (max.) 0.75 % 0.75 %
Number of cable clamps-arany >3 =4

cable overlap or joint

Table 7.10-1: Grading curves of concrete aggregates for ACM

7.10.2  Articulating RENO® Mattress System

7.10.2.1 General Description

The main advantages of an integrated mattress system are:

* articulating behavior
¢ cenhanced flexibility and stability over individual protective clements

* reduced risk of localized failure
* casc of construction as done in dry construction pit

* minimized problems regarding vandalism and theft

Single RENO™ mattress units can be assembled to an integrated mattress system providing
such an improved sustainability against erosion processes. To ensure integrity of the system.
parallel and perpendicular steel wire cables are run through the mattress units, All cables run-
ning perpendicular to the embankment slope are to be anchored to deadmen at the base of the
upper revetment.

The block size is to be determined using the formulas of Chapter 5 and Design Plate E for

current attack and wave attack respectively. The cabling should not be taken into account for
determining the individual block sizes, but they are provided to enhance the system stability
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in case of extreme conditions from non-anticipated hydraulic forees or excessive riverbed
CrOSION PrOCesses.

A suitable geotextile filter mat should be provided below the mattress, at least conforming to
the eriteria stipulated under Section 7.4.2.3.

Figure 7.10-7: Overall view of completed launching apron with articulating RENO" -matiresses

The cables should be multi-core steel, but not from synthetic fibers. The latter are plastic
based, and their durability as well as excessive elongation under load rule out their use. Fur-
thermore, they are more vulnerable to abrasion and vandalism,

Generally, RENO®-mattresses would suit installation below water as mattress units may be
pre-assembled to larger, For site handling, transport and placing suitable steel frame arrange-
ments are o be provided, to which the ready-made mattress can be suspended. Heavy crawler
cranes with large out-reach are required, on-shore as well as off-shore: The flow conditions of
the major rivers of Bangladesh would substantially increase the construction risks: even pre-
vent the execution at times. Therefore, the use of RENO"-mattresses for under-water installa-
tion is not recommended for Structure Categortes SC 2 and 8C 3.
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Figure 7.10-8: Typical cross-section of launching apron with articulating RENO -matiress

7-60

DECEMBER 2001



a3 (s

710 LAUNCHING APRONS

e e oy o A T ¥

st S f—x.:.e_r_u_ ; _'_

e

Mattress anchorage at the basc of upper revet-
ment (berm level)

—— - = ___.+._
L:]
-
— ey = —
% Installation of deadmen for mattress anchorage
o - 21 : by guided drop weight
-
i i
@ -2
- | — -—— %
g .
—L(S/_/md - —4
I ors

Typical deadman design Installation stage of deadmen along 1o¢ of upper
(steel tube @ 169 X 5 mm) embankment (berm level)

o

Initial stone filling of RENO"-mattresses View along deadmen anchorage along toe of
(prior to installing steel wire cables) upper embankment (berm level)

Figure 7.10-9: Details of RENO ® mattress systems
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7.10.2.2 Material Specifications
fa)  RENO® Matiress Unity

RENO"-mattresses are large and thin box-type construction elements made of zine plus PVC-
coated hexagonal double twisted wire mesh (wire diameter 2 mm / 3 mm including coating
layers).

Single mattress dimensions of 4 x 2 m are recommended; with partitions at every | m, Ree-
ommended mesh size about £0 x 80 mm.,

The mattress thickness [d] depends on the type of fill material and the hydraulic design loads.
Stone or rock fill of the following size is recommended.

. d =123 em (Structure Category SC 2, and over the width of the berm);
. d= 36 ¢m (Structure Category SC 3, and exposed zones within SC 2).

The wire mesh must comply with the following factory specifications:

. Tensile strength: both, the wire used for the manufacture of mattress and the lacing
wire, must have a tensile strength of at least 38-50 ko/mm’ according to BS 1052/80
"Mild Steel Wire". These values are referred to original wire before manufacturing the
mesh.

. Zine coating at 240 g/m’ meeting the requirements of BS 443/32 or DIN 1548,
° PVC-coating must have a thickness of at least 0,5 mm, conforming to ASTM.

() Stone Fill

General
Within this Section “stone™ shall include natural stone material obtained from rivers or quar-
ries.

The material supplier shall satisfy himself that the sources of materials in Bangladesh or
abroad have sufficient capacity to meet the requirements of the project. In the context of ca-
pacity, both the quantity of production and its compliance with the delivery schedule must be
taken into account,

Muterial Standard and Tests

The material shall be free from dirt, sand, gravel and materials of organic origin (roots efc.),
and shall be good sound stone / rock without cracks/fissures to avoid breaking during han-
dling and placing or dumping.

The following standards shall apply:

* BSS8I2; Testing aggregates

e ASTMC 88: Aggregate soundness
¢ ASTM C 535: Abrasion resistance
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The following test result shall be verified and respective reports and certificates submitted:

- The weight average loss shall not exceed 10% by weight, when subjected 1o the
ASTM C-88 Sodium Sulphate Soundness Test

. The average bulk specific gravity of any sample shall be in the range of 2600 kg/m3
(BS 812, Part 2, Chapter 6, 3)

. Water absorption of rock material shall not exceed 6% (BS 812, Part 2, Chapter 5)

. Minimum compressive strength as per ASTM C 170-50: 100 N/mm?

. The percentage of wear shall no exceed 40% (ASTM C 535), when subjected to the Los
Angeles Test

Only stone / rock with a factor not exceeding 2.5 between the longest and shortest dimension
of the rock shall be allowed in the delivery.

Grading Tests at Point of Delivery

Testing at the agreed point of delivery (stockpile yard) shall take place at the supplier's cx-
penses. The location for testing shall be arranged by the Contractor and approved by the Em-
ployer.

The gradation of materials stock piled at the yard shall be tested at least one time for each
500 t of delivery.

Samples for determination of weight gradation shall contain at least 100 individual stones /
rocks. The samples shall be taken by random selection from each specified gradation to obtain
representative samples. and shall confirm to the range recommended in the following tables.

Should tests show non-complianice with the specified gradation range the Employer may order
morte tests to be performed. In case the additional tests show non-compliance the Employer
may reject whole or part of the rock delivery.

Rejected material shall be removed from the stock pile vard or blended with suitable rock
sizes by the Contractor at his own expense, all to the approval of the Employer.

Range C | % Smaller than (by weight) [kg] Stone Sizes [em] —I
Wis W Wim Dy Dy D
min. 83 208 4l.6 15 20 24
max. 218 31:2 832 20 23 32

Table 7.10-2; Fill for RENO" -mattresses of d = 23 cm
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Range D | % Smaller than (hy weight) [kg] Stone Sizes |[em)|
Wis W Wi Dys Dsy Dy
min. 16.3 40.6 81.3 I8 25 32
max., 427 60,9 162.5 25 29 40

Table 7.10-3: Fill for RENOR-malttresses of d = 36 cm

In the above tables the fullowing definition applies:

Dy = nominal size/diameter of stones

Wii = | 5% of the stones of a gradation range may be less than the weight specified against W«
W = 30% of the stones of 4 gradation range shall be at least of the weight specified against W,
Wit = 100% of the stones of a gradation range shall notexceed the weight specified against W .
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7.11 FALLING APRONS

7.11.1  General Description

"Falling apron” is a multi layer system placed on a sloping or horizontal surface as scouring
protection. The individual units articulate freely following the morphodynamic forces of the
river and stabilize the eroding bank. The single weight of each unit and the volume of protective
material within a defined area are the decisive factors for designing an efficient falling apron.

The size and volume of material may be determined using the formulas of Chapter 5 and the
Design Plate F,

The volume of falling apron material when placed in dry condition, i.e. on an excavated surface
Just above Standard Low Water, as recommended for the standardized structures SC 2 and SC
3, can be well controlled by counting the number per area.

Below the water level falling apron material shall be laid by controlled dumping considering a
nominal voids ratio of 35%.

The nominal thickness of a falling apron layer shall be achieved over at least 75% of the area
and nowhere shall the coverage be less than 80% of that as per Specification.

CC-blocks have proven to be very effective, but more expensive then boulders, rock or geo-
sand contamers.

For standardized structures concrete blocks are recommended. but geo-sand containers may also
be used, especially for structures with a limited design life.

7.11.2  CC-Blocks

fe) Material
Production of cement concrete blocks shall follow the general descriptions and Specifications
presented under Section 7.5 (cubical concrete blocks).

(h) Placing Volume of CC Blocks

For falling aprons of cc-blocks the quantity of material to be provided within the designed fal-
ling apron width Wy, is defined by the number of blocks to be placed within an area of
100 m?*. This will facilitate proper control of material placement,

The figures presented in the table below serve as a guideline for standardized structures, but the
correct size and volume should be determined by using the Design Plates.

ZR. P
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CC-Block Size 15 30 as 40 45
13 fem] di | Naos dy, Nus di, Nos Jlu Nog duy Nua_
[m] -] [m] [ (m] [ [m] 1] [m] [
Inner part (13 W) | 040 | 2,000 | 445 | 1,300 | 0.35 | 1,000 0.60 720 .70 GO0
Outer part (2/3 Wg) | 085 4,100 | 1.00 | 2800 [ 1.20 | 2,100 L35 | 1,600 I.‘.‘.[I 1,250 .
Exposed edes 0.85 4.|uu'| 100 | 2800 [ 120 [ 2000 | 135 | 1600 | 1so| 1250

Table 7.11-1; Number of ¢e-hlocks per 100 m* of falling apron surface area

7.11.3  Geotextile Sand-Container

fer) Material

Geotextile filter material shall be used for tailoring geo-sand containers to be used in falling
aprons. General descriptions are presented under “Revetment Works, Geotextile Filter Materi-
als™,

The type (quality) of geotextile to be selected depends on the scheduled filling volume of a sin-
gle unit. The recommended minimum criteria are presented in a table attached hereto,

h) Dimensioning

Contrary to blocks or boulders, where only the ground area is in contact with the river bed and
the scour slope respectively. sand-filled geo-container cover a considerably larger area with
identical unit weight, irrespective of their changing shape. Thus, they represent a relatively thin.
but area-wise large protection element.

1t is assumed that a theoretical coverage of the anticipated scour slope of at least two layers of
flat-laying sand-containers should be adequate to stabilize the eroding bank. The recommended
number of geo-sand containers to be placed within 100 m? of falling apron area within a stan-
dardized structure are compiled in the table below. but the correct size and volume should be
determined analogously to ce-blocks.

For some typical ce-block sizes, the equivalent size of sand-filled geotextile containers is given
in Table 7.11-2.

|. Geo-Sand Container B C I D I E
Type/Volume
125 kgNo | 180 kg/Na 250 kgNo. | 900 keNa
Fyguivalent CC-block 1, [em] 40 45 S -
Inner part (113 W) 420 320 260 120
Outer part (2/3 W) a9 520 430 200 i
Exposed edges - 520 | 430 200 I

Table 7.11-2: Number of geo=sand containers per 100 m? of falling apron surface area
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ignated [alling apron area of a structure,

(This alternative to the favoured dumping of ce-
blocks is cost effective, but articulating behav-
tour of the mass of ce-blocks is less effective,

thus not recommended)

Dumping of CC-blocks within the designated
falling apron area of a structure

— = iid

Filling uf'g‘s:md containers at site (directly at
the designated Jocation within the structure)

Covering of the completed launching and fallimg
aprons as a protective measure against human
intervention

In-situ fillmg and placing of geo-sand containers
within the designated area

Figure 7.11-1: Placing of CC-blocks and geo-sand containers
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fc) Tailaring

Giving consideration to the fact that a single protection unit shall practically not move under the
hydraulic forces and wave loads, the equivalent weight of one protection unit can toughly be
determined by using Design Plate A.

[ Concrete Block Size 40 45 50 75
D, [em]
STHTRCEY Geo-sand Container B C D E
e Type
s et I TR S :
| (- Equivalent weight [kg] 125 18 250 CIH]
| | -
: | Volume (— 804 fill)
| ! ! {m' 047 0.10 014 0.50
\ o
: il Geotextile size of 0,96 % 120 x Le0s | 215K
| i container L x W fm] (188 (1.4 (1.5 127
|
| l J ¥ Theoretical area
v Bam o Nim covered by
- " - | container [m] 0.60 .75 100 20
Theoretical thickness
Typical stitching plan fora dy [m] 012 0.13 0.14 0.25
gen-sand container T e, excluding muterial Juss fur stitching (2 x Stm) and
15%5 shrink due o Hlling

Figure 7.11-2: Tailoring details for geo-sand contamers

(d) General Specification

Geotextile materials shall generally be stored under cover, well sheltered from direct sunlight
and fo prevent the ingress of dust or mud. They shall be protected from damage by insects or
rodents,

Geotextile containers shall be fabricated from geotextile material complying with the following
specification:

Euch container shall be stitched along all cut edges, except for the opening at the top of each
container, which shall be wide enough to allow the filling. Container Type A may be
manufactured with double locked stitehing, but for Types B 1o E special oversew seam shall be
applied.

Thread shall be PES white and PES black, which should be supplied from the manufacturer of
the respective peotextile material.

The minimum tensile strength of any seam shall be not less than 90% of the tensile strength of
the geotextile itself,

Geotextile bags shall only be filled to 70 to 80% of the theoretical bag volume,
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The fill material may be obtained from excavated or dredged material interim stored at the Site.
The amount of silt contained in the fill should be kept as low as possible.

The fill opening of the containers shall be closed tightly after filling and then closed with double
lock chain stirch, using hand-held sewing machines,

Description Unit Container Type
B-C-D E
Effective opening size Oy, nim =0.09 <0.09
Area mass g'm? > 400 =500
Thickness mm >335 =35

Min. tensile strength
as per DIN 53857

- longitudinal N/1O em = 1,700 >2.200
- transversal N/10em = 2,700 = 2,700
Min. elongation
- longitudinal % =50 =50
- transversal Yo =50 =50
Coefficient of permeability
at a load of 2 kN/m? m's = 1x107 > x107
Materials PP/PES PP/PES

‘Table 7.11-3: Specifications of geotextile material for manufacture of geo-sand containers
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8.1 PILE INSTALLATION PROCEDURE AND EQUIPMENT

8.1.1 Pile Categories

For the application in standardized bank protection works and crosion prevention measures
within Bangladesh the envisaged standard materials are compiled 1in Table 8.1-1. However.
the table shall not be a restriction for other materials or solutions.

Pile Category Material Diameter / Size Max, Length

Timber Piles Bamboo bundles < 150 mm <T75m
Bullah piles <= 200 mm <Bm

Concrete Piles Precast reinforced concrete 500 % 500 mm 15 m feast at site)
Prestressed spun concrete 0 500 -mm 3@ 1m=30m

Tubular Steel Piles Mild steel {or higher) @ < 1,500 mm No limitation

Sheet Piles Precast reinforced conerete 250 x 500 mm < 1im

(for cofferdams only) | Special sheet pile steel Factory standard No limitation

Table 8.1-1: Pile categories

The limitations presented in Table 8.1-1 are given:

. for timber’/bamboo piles by nature;

. for prestressed spun conerete piles by the facilities of the only Bangladeshi manufac-
turer (diameter 500 mm) and length by road transport restrictions within Bangladesh
(presently 10 m)

. for precast reinforced conerete pile by site handling and available length of pile installa-
tion leader

. for factory-made precast reinforced concrete sheet piles by road transport restrictions
within Bangladesh (presently 10 m)

. for tubular steel piles by manufacturing facilities within Bangladesh ( presently max.
diameter 4 feet = 1,220 mm)

8.1.2  Categories of Pile Driving

This Section presents some criteria for deciding the appropriate pile installation equipment.
Thereby, the definition of the term “installation™ in this Section means the sinking of piles or
sheet-piles to their design depth by appropriate methods in consideration of the prevailing
local and subsoil conditions and of the Specifications. This is usually done by either pile driv-
ing hammer or vibrator or a combination of hoth methods. Other methods, such as pressing or
installation into an excavated trench, are only used in exceptional cases which do not apply
for the erosion protection measures considered herein.
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The selection of piling equipment depends mainly on:

. Subsoil conditions

. Pile material

. Pile dimension (by diameter, length as well as weight)
. Location, i.c. onshore or offshore piling

Pile driving hammers may be simple drop hammers, steam or air operated hammers, diesel
hammers or hydraulic hammers, while vibrator hammers may be the electric or hydraulic
driven type. Under normal circumstances the selection of the most suitable pile installation
method s decided by the type of subsoil prevailing at the lacation and the size, weight and
material of the pile to be installed. However, there are situations that the actually available
pile installation equipment presents a constraint for the design engineer, who may be required
in such a case to adopt the pile design and dimensions to suit the only available equipment.

The recommendations for pile installation equipment presented in the following subsections
are 1o be interpreted within and in consideration of the above limitations, It has further been
considered that the subsoil to be penetrated during pile installation does normally not present
a constraint for these works.

8.1.3  Pile Installation by Vibration

Pile installation by “vibration pile hammers™ is an casy and fast way of pile driving. Vibration
frequencies, weight and size of the vibrator hammer must be chosen according to the afore-
mentioned conditions. An advantage of vibrator pile hummer is that they can easily be used
also for extracting piles in case of misdriving, encountering of an obstacle in the ground, etc,
However, pile driving by vibration has its limit when the pile driving force is excessive due 1o
subsoil response and consequently the depth of penetration over time reduces against zero.

Alteration of the vibration frequency can support to reach greater installation depths. But most
vibrator hammers that aré available in the market are provided with single frequency only,
wherefore a second or even a selection of different vibrator hammers may have to be main-
tained ar a site if subsoil conditions call for such measure. Vibrator hammers with multiple
frequencies are available from reputed manufacturers, but very expensive and possible be-
yand the financial feasibility of the projects in guestion,

Vibrator pile hammers are powered in general either directly by an electric motor or by hy-
draulic motor. They are mostly used without a leader and lifted by cranes 1o the top of the
pile. However, to install the pile and to keep its position a “pile frame™ (which can also be a
leader) is suggested.

Pile installation by vibration is not recommended for concrete piles because the vibration may
destroy the concrete.
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While piling hammers can be utilized for practically all subsoil situations, vibration processes
are somewhat restricted and less efficient if not unsuitable at all for densely deposited granu-
lar soils, hard cohesive soils, particularly those with a low water content.

Exemplary and as a very rough guide the order-of-magnitude of a vibrator capacity for steel
sheet pile installation is given in Table 8.1-2.

SPT Type of Soil Minimum Centrifugal
N-Value Farce
per Linear Metre of
Steel Sheet Pile
Non-Cohesive Soil
0-4 Very loose 10 kN
4-10 |Loose 15 kN
10 -30 | Medium dense 20 kN
30-50 |Dense 25 kN
=50 | Very dense 40 kN 1
Cohesive Soil
0-2 | Very soft 10 kN ]
2-4 |[Soft 15 kN
4-8 | Medium hard 20 kN
8-15 |Hard 25kN Pile installation by vibrator
I5-30 |Very hard 40 kN (typical arrangement)
>30 | Extremely hard S0 kN

Table 8.1-2: Guide values for determination of vibrator capacity for norimal steel sheet piles

Within the Pilot Project FAP 21 pile installation by vibration was executed at “Test Site
Kamarjani™, for the part of permeable groyne structure with tubular steel piles. All steel sheet
piles and steel piles of diameter 711 mm, 1016 mm and 1220 were installed by vibration. The
piles of diameter 711 mm could be installed to their final design depth of more than 20 m by
vibration only (total pile length 28 m). Piles of diameter 1016 mm and 1220 mm were in-
stalled up to the maximum possible penetration by vibration (varying between 18 to 24 m).
The final penetration depth up to over 30 m (total pile length 42 m) was reached by subse-
quent piling with a hydraulic drop weight hammer.

8.1.4  Pile Installation by Hammer

The most common equipment for pile driving are simple “single drop hammers™, “diesel
hammers™ and “hydraulic drop weight hammers”. These are available in various sizes in
Bangladesh. During the execution period of the FAP 21 Pilot Project the following piling
hammers were available within Bangladesh:

. single drop hammers up to 5 t (but any weight could be manufactured, always provided
that the suitable pile installation tripod and winch would be made available):
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. diesel hammers from 0.5 tup to 3.3 t stroke weight, with a corresponding piling energy
of about 12,5 kNm up to about 90 kNm, and

e hydraulic piling hammers of 3.5 1, 7vand 13 t with a corresponding piling energy of 42
kNm up to about 150 kNm.

Weightof | Piling Energy | No.off Blows | Suitable for Pile

Stroke per Blow per Minute Weight up to

5 kN 12 kNm 40 - 60 1.51

I2ZKN |31 kNm 40— 60 4

22 kN 34 - 76 kNm 3852 61

30N |44 —87 KkNm 3852 8t

36 kN 52~ 113 kNm 37-53 1t

46 kN 67— 146 kNm 37-53 15t

Pile mstallation by hydraulic

SSKN | 86— 160 KNm 36-47 201 hammer

(typical arrangement)

Table 8.1-3; Typical diesel hammer data

Typical piling hammers are mounted to so-called “leaders” attached to a support yehicle, such
as crawler crane or similar. This typical arrangement ensures the exact pile direction {vertical
or inclined) as well as centrally positioning of the pile hammer, Contrary 1o this fixed ar-
rangement, there are “flying leaders” (mostly for installation of inclined piles) and self-riding
piling hammers (mostly for installation of vertical piles), which are suspended by ropes to the
support vehicle (crawler crane). The advantage is a higher flexibility and mobility at site. in
particular when somewhat remote pile locations must be reached within the structure layout,
or when working offshore from a barge pontoon.

Very important for successful and efficient pile installation by driving hammiers is the right
choice of the pile cap arrangement. Commonly a cushion is being provided between the
hammer’s anvil and the pile cap. Dependent of the type of pile, the prevailing subsoil (i.c. the
subsoil response to be expected during penetration of the pile into the ground) and the avail-
able hammer capacity this cushion can compensate between extremes, i.e. control the effec-
tive driving force introduced into the pile by the hammer. Figure 8.1-1 presents some typical
pile head packing and the respective energy reduetion factors 1.

8.1.5  Installation of Timber Piles

Apart from the aspect that use of timber piles should be waived in line with nowadays envi-
ronmental understanding and only bundles of bamboo poles be utilized instead for short-term
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measures, these can easily be installed with simple drop weight. For simple situations a tripod
with SPT (Standard Penetration Test) drop weight will suffice, guided at the pile’s head by a
center bar, while manpower or simple diescl-driven winches are lifting the weight. This
method can easily be adopted for drop weight up to 150 kg, which suffice to drive such piles
(or piles of other materials but with similar dimensions) up to about § m into the ground. The
method can be improved by employment of a diesel driven winch for lifting the heavy drop
weight,

- Mo packing v =0

Reduct:on Factor w= 1.1

Intarmadiate |
stest plate
12 mm thick

Stesl wire ropes
4 25 - 30 mm

Heaucton Factar n=122

Intermediate  ——.,
plata of steal or
alu.8- 12 mm thick

Eiastomers platés
Each 25 - 30 mm thick

Redutlion Facter v =1.752.20

Tropizal hard waood {bougnssi)

3 Reduction Faeryr v =28

Figure 8.1-1: Typical pile eap packing and related reduction factors 1)
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8.1.6  Installation of Pre-Cast Reinforced Concrete Piles

The term “precast reinforced concrete pile™ within the context of this Section represents any
type and shape of its kind, e.g.

. Factory-made pre-cast or prestressed spun concrete piles (which usually are of higher
grade and quality);

. Site-manufactured reinforced concrete piles. and

. Factory-made reinforeed concrete sheet piles.

It is common for any pre-cast concrete pile that 1ts installation by driving must be carried out
such that the concrete does not suffer beyond tolerable limits. This is best achieved when
driving is being carried out with a heavy drop weight but at little drop height.

Therefore, hydraulic piling hammers are perfect for this purpose, since the drop height can be
pre-set and controlled throughout the mstallation process. The adjustable drop height matches
perfectly the material characteristic of concrete piles and reduces the risk of pile damages
during installation considerably. Initially, the drop height should be controlled at
20 em and successively be increased, preferably up 1o about 0.5 m only, but 1t should not ex-
ceed | m. The hammer stroke should be regular and may not exceed 40 blows per minute.

As an added advantage, hydraulic piling hammers are environmentally more aceeptable then
diesel piling hammers, unless these are provided with anti noise and pollution eage.

The old rule that the weight of the hammer should be at least equal but preferably heavier than
the pile itself applies much for concrete piles still today although in many cases this can not
be adhered to any more. The ratio pile weight (Wp) to drop weight (W) should. however, be
maintained in the range of 1: 0.7 up 1o 11 1.5, For the size and weight of pre-cast reinforeed
conerete piles recommended for standardized structures and the anticipated moderate subsoil
conditions 4 hydraulic hammer with a drop weight of 6 110 8 t will usually suffice.

With moderate, i.c. not too dense soil conditions conerete piles up to size/diameter 500 mm
and length of 20 m may also be driven by middle size diesel hammer.

8.1.7  Installation of Steel Piles

Within the context of this Scetion the term “steel pile” represents any type and shape of its
kind, e.g.

. Steel sheet pile (factory made and impaorted);
. Tubular steel piles of various diameters and material grades, and
. Rolled steel sections, such as H-type and hollow box-type.

For the installation of steel piles of the type recommended for standardized structures, i.e. of

diameter up to 1220 mm and a pile length of up to about 45 m (pile penetration into the sub-
s0il of about 30 m) a hydraulic hammer with a drop weight of 15 tons and maximum height of
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drop of | m is a recommended solution. At the Jamuna Multipurpose Bridge steel piles of
68 m to 86 m length and diameter up to 3050 mm were driven with a hydraulic hammer with
a drop weight of 150 tons. This hammer was specially designed for that project.

As compared to solid congrete piles most steel piles. and in particular hollow steel pile sec-
tions are less critical for proper installation, since obstacles encountered during installation,
including soil layers that are difficult 1o penetrate, can be handled. On the other hand pile
heads or even the entire pile can suffer damage if the steel section has not been well designed
in consideration of the driving resistance to be expected during the installation process, As a
rule of thumb the minimum steel pile wall thickness should not be less than 1/100" of the pile
diameter, i¢. for a pile diameter of say 1,200 mm the minimum wall thickness should be
12 mm at the pile tip and the pile top unless for statically design reasornis a thicker steel pile
wall is needed.

Therefore, as in any other case, the decision on the suitable pile installation method and
equipment has to be made in advance, well in consideration of the prevailing situation and the
type and quality of pile material available:

In recent years it has become common to install piles by vibration method. This is particularly
advantageous if piles arc to be installed without a leader that is the guide, which ensures that
the pile as well as the hammer is well and centrally supported during the installation process.

However, whenever utilising vibrators for pile installation one must be aware of the intended
purpose and functioning of the pile. Those, which are structural elements to carry vertical
loads (e.g. these within foundations for bridges, buildings, ete.), have 1o be driven by a ham-
mer for at least the last 3 m to § m before reaching the design depth, to ensure activation and
improvement of the point bearing of the pile. For the piles within a permeable groyne struc-
ture, however, this is not relevant and piles may be installed entirely by vibration. However,
in practical terms the vibrator capacity should not be over=sized for economical and handling
reasons. but a suitable hydraulic piling hammer should supplement the pile installation
equipment. With such a set-up also unforeseen, more difficult subsoil conditions can be tack-
led.

Section 8.1.8 provides some basic elements in order to plan the sufficient pile installation
equipment. Again, these are suggestions from en gineering judgement, but the subsoil condi-
tions at a given site and the pile size and type to be installed must always be given due con-
sideration in the thoughts of the planning engineer,

8.1.8  Estimation of Piling Hammer Capacity

8.1.8.1 Estimation of Driveability. Skin Friction. Pile Tip Resistance and Pile Driving
Resistance

Prior to any pile driving works the condition of the subsoil should, among others, be checked
by Standard Penetration Tests (SPT) ar Cone Penetrometer Tests (CPT). Depending on the
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determined CPT or SPT-values the characteristic of non-cohesive and tohesive soils can be
tentatively assumed as indicated in Table 8.1-4 and Table 8.1-5.

CPT: g (MNm] | SPT —value [+] [ Characteristic Description
<235 <4 very loose
2:5-"1.5 410 loose
>7.5-150 [ 10 - 30 medium
>150-250 |  30-50 dense |
=250 | =50 very dense

Table 8.1-4: Characteristics of non-cohesive soils

CPT: ge [MN/m?] I| SPT-value |-] | Characteristic Deseription
<0.25 | =2 very soft
025 050 | 2-4 | soft K
05-1.0 4-8 | medium
1.0-20 815 sult
20 -4.0 15-30 very sttt
T =40 | =30 | hard

Table 8.1

-5: Characteristics of cohesive soils

With the chosen pile type and the classified subsoil. skin friction (Tn) and pile tp resistance

(o) for static loading can be esn

imated using the general assumptions compiled in Table
§.1-6: . Thereby it should be noted that these figures are only presented for determination of a
piling hammer capacity, but not for the purpose of structural or otherwise design assumptions.

Driveability | Subsoil ‘ T (kN | o (MN/m)
Remforced | Steel | Reinforced | Steel
‘ Conerele Piles Concrete Piles
Piles | | Piles
very casy | cohesive, very soft 1o soft I 0.25 0.25
_uasy medium and coarse sand, Imm 60 _'— 50 | 4.00 3.50
] cohesive, soft ‘ 5 | 15 | 0% | 050
medium medium and coarse - sand, me- 6l o | S50 | 500
dium | | ‘
| |coh cohesive, T‘I'lt.dILI.T‘I"I w0 W 078 | 075 |
difficult fine sand 60 | 70 [ 700 | 650
i _ cohesive, St to very /stiff ‘ 30 30 150 | 1. 3{]
very difficult | fine sandy and silty, dense 6 | 75 | 800 | 750 |
cohesive, hard 45 | as 200 | 200

Table 8.1-6: Subsoil characteristics versus driveability of subsoil

8-8
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The pile driving resistance W, that may have to be expected during the final pile installation
process (i.c. before reaching the designed penetration depth of the pile) can be calculated ac-
cording to the following formula:

Estimated pile driving resistance: W,=U-l -1, +4 ‘O'_,;J [kN] (Eq. 8.1-1)

For explanation of symbols see Section 4.1.8.7.

8.1.8.2 Determination of Minimum Wall Thickness. Matetial Properties. Weisht of Pile and
Maximuni Permissible Driving Force

In order to drive a pile safely into the ground the pile characteristics (material and thickness)
must, apart from otherwise relevant design aspects, be chosen to withstand the expected driv-
ing resistance. Consequently, it may be assumed that a pile can be driven into the subsoil un-
damaged (provided always that there is no obstacle in the subsoil) when the permissible driv-
ing force F for the chosen pile is at least equal, but normally higher than the estimated pile
driving resistance W_, je. F =W,

For steel piles the permissible driving force F depends on the steel cross-seetional area and the
yield stress f, of the material:

Permissible pile driving force: r F=lt,. °F, 7 [kN] (Eq.8.1.2)

For explanation of symbols see Section 8.1.8.7.

Using formula (Eq. 8.1-3) the required minimum wall thickness of a steel pile may be com-
puted. As the case may be, this 1, may be higher, i.e. thicker, then the steel wall thickness
required only for the horizontal and vertical loading as per design calculations. In such a case
the pile sections at the head and pile tip should be strengthened to meet with the stresses ex-
pected during the pile installation process.

Required wall thickness of steel b W,
: min e Eq. 8.1-
piles: w-r) [kN] (Fg:8.1.3)

The finally chosen wall thickness te > Iy depends on the otherwise structure loads and design
requirements. the choice of standard/available pipe sections, respectively the pile manufactur-
ers facilitics.

The maximum permissible driving force is calculated using t,:

Maximum permissible driving force: Fow =U1, - f, [kN]  (Eq. 8.1-4)
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% 1.8.3 Choiece of Hammer Type and Initial Determination of Hammer Weight

For the choice of a suitable pile driving hammer the following rule of thumb may be used as a
first approximation.

Type of Hammer | Steam Hammers Diesel Diesel Ham- | Hydraulic Ham-
Pressurized Air Hammers | Hammers | mers {with high mers
Hydraulic Hammers {with hit pressure injec- | (with adjustable

| Drop Hammers dispersion) tion) striking foree)

Proportion of

pile weight (incl. 11w ls/1 2/ 13| 1/ k3] § 127 ]

cap) to weight of

hammer

Table 8.1-7: Initial approximation of piling hammer type and weight

The weight of appropriate pile caps depends on the type and the size of the pile itself and the
hummer. They usually range between 700 kg and 3000 kg.

§.1.8.4 Typical Hammer Data and Pile Cap Factors

Table 8.1-8 and Table 8.1-9 present typical data of two manufacturers of piling hammers. The
respective data may be applied for tentative determination of the piling hammer through ap-
plication in the formulac presented in the following Sub-Chapter. However, for more correet
application only the latest data of reputable piling hammer manufacturers should be used.

Type | Weight of Weight of | Min. Drop Max. Drop Min. Max. Statie
Ram Pile Cap Height Height Energy Energy Stroke

min 1 max Py

T wg | kel | Im] | (m] | Nel | INm] | [N
D 25-32 2,500 700 160 3,20 40,000 | 79,000 14,000
D 30-32 3,000 700 1.60 3.20 28000 | 93,000 15.000
D 36-32 3,600 900 1.60 3.20 55,000 [ 114.000 17.000
D 46-32 4,600 900 160 | 3.20 71,000 | 146,000 20,000
D 62-22 6,200 900 170 340 ] 107.000 | 219,000 25,000
1 80-23 £.000 1,100 \ 220 340 ] 171,000 | 267,000 31.000
D 100-13] 1000 1,100 l 2.20 ] 340 \ 214,000 | 334,000 35,000

‘Fable 8.1-8: Technical data of DELMAG diesel hammers with hit dispersion
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Type | Weight | Weight of min. Free Drop, | Free Drop Accelerator, | Accelerator
MHEF | of Ram [ Pile Cap Encrgy | max. En- | Siat. Stroke | max. Energy | Static Stroke
ergy P
kel | kel | [Nm] | [Nm] [kN] [Nm [kN]

34 4,000 900 4,000 40,000 10.000 50,000 11,000
3-5 5,000 Bl 5.000 50,000 11,000 60,000 12,000
3-6 6,000 900 6,000 60,000 12,000 70,000 13,000
37 7,000 1100 7,000 70,000 13.000 80,000 14,000
53-8 H.000 1,100 8.000 80.000 14,000 95,000 | 13.500
5-10 110,000 1,200 | 10,000 100,000 16,000 115,000 17,000
5-12. | 12,000 1300 | 12,000 120,000 18.000 135,000 19,500
10-15 | 15,000 22000 | 15,000 150,000 21,000 175.000 22,500
10-20 1 20,000 3,000 | 20,000 200,000 —l_ 24,000 225,000 25,000

Table 8.1-9: Technical data of MENCK. hydraulic drop hammers

For hydraulically operated piling hammers the drop height of the ram can he pre-set as per
requirements, ranging usually from about (min.) 15-20 ¢m to about (max.) 100-120 ¢m.

It is common practice to provide suitable packing between the hammer’s anvil and the pile
cap. The choice of packing is depending on the type of pile 1o be installed, the subsoil condi-
tions and the capacity of piling hammer available for the project. There are some rules to be
observed for the right choice of packing. Usually a concrete pile should not be driven with a
steel block in the pile cap, as the hammer's stroke will be transmitted directly into the pile
head, undamped. This is likely to lead to early destruction of the pile head, even much before
reaching the design depth. Steel rope packing (using used steel wire ropes) is easy to arrange
at almost any construction site and has proven efficient and effective particularly with diffi-
cult, i.e. more dense or hard subsoil conditions. Figure 8.1-1 provides details of typical pile
cap packing and some standard factors that can be utilised in computing the suitable piling
hammer capacity.

8.1.8.5 Estimation of Pile Penétration per Blow

With the initial pre-selection of a piling hammer type/capacity as per Table 8.1-7, Table §.1-8
and Table 8.1-9 an approximation can be made regarding the likely rate of pile penetration
during the final stage of the pile installation process. Thereby. the following formulae may be
applied.

Blow Velocity: L v=J2 2 H [[m;s] (Eq. 8.1-5)
=== ——
; Ey g ;
Shock Wave Veloeity: ‘ a= ‘[—y— [m/s] (Eg. B.1-6)
I
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o _EyA ] _
Impedance of Driving Element: ) b '”j— J [kN-s/m]  (Eq. 8.1 -7y
Compression of Driving Element AL = M-y
During Blow: zZ, [m] (Eq. 8.1-8)
S Al=Eyy -4
Length of Shock Wave: b= 05.P [m] (Eg. 8.1-9)

Pile Penetration per Blow: (Eq. 8.1.10)

The symbols are explained in Section 8.1.8.7.

It has 16 be acknowledged that the piles for standardized permeable groyne structures are
horizontally loaded elements. It is important o be aware that any such pile must be driven
fully to its designed penetration depth as otherwise the embedded length of the pile will not
suffice to carry the oceurring horizontal loads during the lifetime of the permeable groyne
structure, With a situation at rivers such as the Jamuna River, where severe scouring has to be
considered during lifetime of such structures, il is unavoidable to have excessively long piles
for installation. With this in mind, it is obvious that the rate of penetration of a pile in its final
stage can reach more or less refusal. Therefore, when controlling the results obtained by ap-
plication of formula (8.1-10), and as a rule of thumb the pile penetration per blow may be
considered in a range of about 1 mm.

8.1.86 Venfication of Selected Piling Hammer with Pile Driving Formula

For the estimation of an appropriate pile driving equipment the pile driving formula by
DELMAG is a practical tool, though there are numerous other formulae around the globe. It
has to be noted that any such formula can only indicate the order-of-magnitude of such
equipment, which final seleetion much depends also on the experience of the people involved.

E-R

e s I : a
Driving capacity of pile: (4050 (R+0) [kN] (Eg. 8:1-11})

For explanation of symbols see Section ¥.1.8.7.

If no data are available, as a first estimate the elasticity ¢ of the pile and subsoil can be set 1o
= (.6 [mm/m] - L for steel and reinforced conerete piles.
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8.1 PILE INSTALLATION PROCEDURE AND EQUIPMENT

The driving capacity of the pile should be at least equal but usually higher than the pile driv-
ing resistance to be expected during the pile mstallation process, i.e. the condition

l: W= We ]

should be fulfilled. There are of course situations where such conditions cannot be met, e.g. in
case of non-availability of any suitable piling equipment. In such cases auxiliary measures
have to be decided to support the pile installation. Such measures may include emptying soil
from the piles’ interior in order to reduce the point resistance during driving,

8.1.8.7 Notation Used

Within the forgoing sub-chapters several notations have been used, which are compiled here
again in alphabetic order for ease of reference:

A [em?) : material area of driving element

Ay [em?] : total area (of piles)

C [kN] : compressive foree (concrete piles)

¢ [mm] : clasticity of pile and subsoil

D [mm] ; outer diameter (of piles)

E [Nm] : energy per driving blow

Ey [kN/m?] modulus of elasticity of driving element
F  [kN] 4 permissible driving force

o [MN/m?] : skin friction for penetrometer (CPT)
fy [N/mm?] : vield stress (steel)

g [m/s?] gravity acceleration

H [m] : drop height

I [-] ; consistency index (of cohesive soils)
L [m] ] length of pile

Il [m] : embedment length (of piles)

M [kN:s¥/m] : mass of ram

Prax [KNT 3 static stroke of hammer

Q [kN] : weight of pile and pile cap

9c [MN/m®] - point resistance of penetrometer (CPT)
R [kN] : weight of hammer

s [mm] < penetration of pile per driving blow
T [kN] ; tension force (concrete piles)

t [mm] : wall thickness (of steel piles)

t.  [mm] : chosen wall thickness (of steel piles)
U [em] § circumference (of piles)
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W [kN]
We [kN]
¥ [kN/m’]

a, [MN/m?] :
Oap [MN."’I‘I‘IY] g

Tor [KN/mM?]

ultimate load, i.c. driving resistance of pile
estimated driving resistance (of piles)
specific weight of driving element
prestress (in conerete piles)

pile tip resistance (of piles)

skin friction (of piles)
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8.2 PILE INSTALLATION WORKS

8.2.1 General

The pile installation gear shall have an adequately long sturdy leader or proper guides at suit-
able elevations respectively to permit pitching and installation of the piles in full length, Due
consideration must be given in this regard o the type and size of the piles and to any loading
on the piles, e.g. due to current flow or driving forces, Only suitable and well fitting driving
eaps or pile head reinforcements appropriate to the mode of pile installation and to the size
and shape of the piles to be installed shall be used. It shall be ensured that even at slight pro-
gress of penetration the pile heads are not or only very little deformed.

The installation equipment and any auxiliary means must allow installing the piles to their
design depth undamaged.

Jetting may be permitted in accordance with applicable rules and standards up to limited
depths, if the subsoil permits and other foundations are not endangered. [n any case, the last
few meters of the piles must be installed without jetting aid.

8.2.2  Tubular Steel Piles

Driving caps shall be of cast steel or heavy welded steel. The packing between the driving cap
and the anvil of the driving hammer shall be selected in consideration of the type of the pile to
be driven, the encountered soil resistance and the capacity of the driving hammer. In case of
timber packing only hardwood shall be used.

For large diameter piles a bell-shaped transition eleément between the pile head and the driving
cap may be used, in order to ensure efficient transmission of the dri ving energy into the pile to
be installed.

All piles must be installed to their design depth. If, before reaching the design depth, continu-
ing of pile installation is not feasible, other means of installation may be used, such as inside
drilling, dredging, air-lifting etc. Reference is made to Section 8.2.7.

e --?-\‘\
” R. PS5
N >
/7 - N
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A00-1-at top barge with 150-t-crawler crane and pile guide
tower (pile leader)

Stages of pile lifting ofl-shore
{analogously to be applied on-
shore)

|l —

Plan of 400-t-at top barge for pile installation off-shore

‘Spindke {manunl or morosr dnven)
Packing plus siaing sinp Packing plus sliding sinp
LHMW|

UHMW-PE PE
#7111 1016 1 1220mm
g ,
L = Gala
N
Ny
Upper Guide Frame Lower Guide Frame
( Movable) | Fixed )

Pile guide frames 10 be provided at pile installation leader

L

Tria 10 TRRITenm £ i | 16
TLEader ergit 43m|

Bt w 100-t-crawler crane with
100-fi-boom and pihngleader

| = 36 m (on-shore installation)

Figure 8.2-1: General installation method for large-diameter tubular steel piles
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0
ra

Pile loading shore-to-pontoon Pile transport to place of installation

Second stage of pile lifting Final stage of pile lifting
L (transport pontoon towed away)

Figure 8.2-2: Steel pile installation o{f-shore

DFCEMBER 2001

8-17



G

2

v/

STANDARDIZED BANK PROTECTION STRUCTURES

Clamshell dredging for pile installation at the bank-

line transition shore-to-riverside

Start of pile installation by vibrator
(here: transition zone near bankling)

Final pile installation stage by hydraulic
hammer MENCK MHF 10-15

Pile dia. 711 mm during installation stage
by vibrator hammer

Figure 8.2-3: Steel pile mstallation works
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I — " PO TALLATION:

Positioning of pile sections (here: dia.

71 mm),
using rail-mounted Kobe-22 pile ri
g

Piling rid Kobe 22 for driy-
ing first pile section

Pile hammer Kohe 22
with pile cap
(pile dia, 711 mm)

Final stage of onshore pile
installation
{employment of hydraulic
BSP-hammer with adjustahle

drop weight 3 to Tty
during pile nstallation process

Pile extension

Figure 8.2.4: peails of steel pile mstallation warks
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823  Steel Sheet Piling

Sreel sheet piles must be installed in such o way that a closed wall of maximum safery is
achieved. Tt must be ensured that all sheet-piling will be installed 1o the required depth as per
design without any dumages. Special care is 10 be tuken that

. disturbing hindrances at the place of installation are removed

. only straight undistorted sheet piles with sound interlocks are used

. the sheet piles are given satisfactory piching and guidance during driving

. the driving progress is adapted to the respective local conditions in order to avoid mis-
alignment of the sheet piles or jumping out of the interlocks

Driving can be facilitated in suitable soil by jetting. The jetting must be discontinued how-
ever, at lcast 2 m before reaching the design depth. For the remaining distance the pile shall
be driven with i hammer in order to Te-compact any loosened areas of the soil by vibration,
and in order thus to restofe the original soil properties.

The driving blow should generally be introduced centrally in the axial direction of the sheet
pile element. The effect of the interlock friction, which acts only on one side, may be coun-
tered if required by @ suitable adjustment of the point of impact.

The sheet pile elements must be guided in <uch a way, that their design position is achieved in
final state. For this, the pile driver itself must be adequately stable, must be firmly emplaced
and the leader must always be parallel 10 the desired inclination ofthe sheet pile element, The
latter shall be guided at least af tWo poinis. which are spaced as far apart as possible. A strong
lower guide and adequate spacer blocks are especially important. The leading interlock of the
pile being driven must also be well guided. When driving without |eader, care must be taken
to ensure tight contact between the hammer and the sheet pile clement by the use of well-
fitting leg grips.

The installation of sheet piles shall only be executed in panels, whereby several sheet pile
units are pitched and then driven in the sequence e 5.3-1-4-2 and so on.

If a sheet pile or.an interlock breaks ord major deviation is determined during its installation.
if the designed loeation is not achieved or driving has not been carried out as per design, addi-
{ional measures may be required. In case (e unit spacing of cerain stretches of sheeting must
be maintained very accurately e.g. for sheet pile enclosures of cofferdams, the width tolerance
must be observed. If necessary. adaptor piles must be inserted. Driving of a tper pile will be
required if the sheet piling ereeps in the direction of the driving, tesulting in an overhang 6f
more than 1:100.

The soundness of the installed sheet piling shall be confirmed by special investigations: Any

damage and/or failure in the interlocks and/or other parts of the sheet piling detected in the
course of these inspections have 1© be repaired carefully.
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Figure 8.2-5: Principle installation method for sheet-piles
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82.4  Concrete Piles / Concrete Sheet-piles

Conerete piles, either pre-cast reinforced conerete sheet piles or pre-tensioned spun conerete
piles, shall be installed only after the concrete has reached the minimum required compression
strength of 35 N/mm’,

Special and tight fitting driving caps shall be used only. The packing must be selected in con-
sideration of the type of pile to be driven. It necessary for safeguarding the pile heads. addi-
tional shock-absorbing packings may be provided.

Concrete piles shall be driven to the design depth. If. before reaching the design depth, a con-

tinuation of pile installation is not feasible, other installation means may be used. Reference 1s
made in this regard to Section 8.2.7.

$.2.5  Pile Butts

4.2.5.1 Steel Piles and Steel Sheet Piling

This Section applies 1o the providing of pile joints at the pile welding yard or during pile in-
stallation as well as for reinforcement of pile points or pile heads. Only steel qualities equiva-
Jent to the respective structural clement/steel pile shall be used. Welders qualified for the
work and who possess a welding certificate as per relevant standards shall only carry out all
welding work. Trial welds and tests shall confirm the soundness of the welding procedure.

Welded joints shall withstand driving stresses as well as dynamic loads during the lifetime of
the structures. Therefore. the welds and in particular the root welding must be carried out with
special care, free of defects. Where the top of a driven steel pile must be fited with a welded
joint, it shall not be placed in arcas with driving deformations. In such cases, the top end must
be cut off to a point well below the limit of deformation, or to at least 10 cm below the pile
top in case of no visible deformations. Meeting ends of pile sections to be joined shall be true
and formed with a clean cut perpendicular to the pile axis. The meeting ends shall be made
with clean cuts to form a V-profile in cross section through the metal.

Butt welds shall be checked by ultrasonic inspection. Fillet welds shall be inspected by mag-
netic particle inspection. An independent inspection company shall carry out all testing of
welds. The standards of acceptability by which welding will be judged shall be in accordance
with relevant international standards, Welds that are considered defective, are to be cut out, to
be remade and re-tested.

8-22 PECEMBER 2001



(79

K2 PILE INSTALLATION WORKS

Fitting of pil.e cap packing and hammer
helmet (hydraulic BSP-hammer 357-7,
T tdrop weight)

Prestressed spun concrete piles joined at site
(2 sections (@ 10 m, total fength 20 m)

Final driving stage with RB-driving rig and hyd
BSP-hammer 357-7

e
raulic

= : 3
Initial driving stage with RB-driving rig
and hydraulic BSP-hammer 357-7

Figure 8.2-6: Spun concrete pile installation on-shore (here: diameter 500 mm. length 20 m)
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8.2.5.2 Concrete Piles

Pile butts are required for long piles depending on the transport facilities. They shall be of
standard design and in aceordance with internationally recognized standards.

For jointing the pile ends. special temporary pile clamps must be employed to ensure perfect
axial jointing of the pile. The joints are made of steel. Only certified welders shall carry out
all welding of pilé joints. Welding thickness shall be 12 mm. The steel elements of the com-
pleted and tested pile joints are to be provided with a first-class corrosion protection, as far as
they are remaining above SLW in the final pile position.

Testing of completed welds shall be done by color-penetration or equivalent method. Any
defects or imperfections in the weld shall be repaired. In case of any doubt, the respective area
shall be expertly grinded-out and re-welded and tested. An independent inspection companys,
or an equivalent institution shall carry out all testing of welds.

8.2.6  Surveying and Tolerances

The piles shall be set up at locations as shown on the drawings and pitched with the greatest
accuracy. The location of the piles shall be determined with the help of high precision survey-
ing instruments, by using permanent and verified base points/bench marks.

During pile installation, the alignment of the piles shall be controlled by appropriate measures
throughout that process. In case of any increasing deviation from the designed location, the
installation process shall be interrupted and the pile realigned. Immediately after installation
of a pile and removal of any guides, the final location of the pile shall be surveyed with refer-
ence to fix points and the adherence to tolerances shall be checked.

After installation of piles, the location tolerances must be limited to the most possible mini-
mum value, in order to correspond to the allowable tolerance presceribed by the type of the
respective structural element and the designed alignment of the piles. The position of the pile
heads shall not exceed the following tolerances

(a) i the horizontal plane:
« along groyne axis: + 10 em
e perpendicular to groyne axis: =20 em

(b) elevation of pile head: +5¢m

8.2.7  Observations During Installation

%.2.7.1 Obstacles

The term “obstacle” refers to unforeseen artificial obstructions which cannot be reasonably
traced by surface inspections and subsoil obstructions ¢.g. rock layers, boulders m the ground,
cemented soil layers and the like, as far as these cannot be derived from the available data or
by any samples or information which could also have been exhibited from available borings
or trial holes, and which cannot be pcnctrmcd with the appropriate equipment as required.
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Prior to the installation of piles, the surface in the arca where the structures are to be set up
must be searched through divers for obstacles, which would prevent sound installation of
piles.

8.2.7.2 Observations of Pile Behaviour

If during installation of a pile the pile behaviour becomes questionable ¢.g. sudden reduction
or merease in the penetration depth per measuring interval, moving of the pile head or the
like. the installation procedure must be interrupted immediately. The reasons for this behav-
iour are to be investigated and suitable countermeasures he implemented.

.2.7.3 Non-Reaching of Design Depth

If the progress of pile driving reduces considerably but uniformly before reaching the design
depth, and if this is not due to exceptional circumstances e.g. encountering of an obstacle, the
driving of the pile has still to be continued as long as the penetration is

. more than 10 em with 80 blows (steel piles), and

. more than 2 cm with 10 blows (concrete piles)

at maximuni permissible driving energy for the pile. If a procedure other than driving is used
for the installation of the piles, corresponding criteria are to be determined.

8.2.7.4 Damages to Piles

Should a pile suffer any breakage, other heavy damages or unacceptable misalignments, it has
to be extracted and to be replaced. Thereby it must be proven that the subsoil in the respective
area is compactable and suitable measures are to be taken, in order to re-establish the load-
bearing capacity of the soil being disturbed by pile extracting. Extraction of any ill-driven pile
can only be permitted if other piles are not influenced in their bearing capacities.

8.2.8  Records of Installation

All piles shall be given a penetration marking for recording of the driving logs and supervi-
sion of the driving operation. The intervals shall be every half and full meter, referred to the
pile point. In consideration of the increasing driving resistance to be expected with different
soil strata and at the design depth. marking intervals shall be decreased to 0.1 m in the upper
pile length. Records of the progress of the pile installation work shall be carried out which,
among others, must contain the following data:

General
®  date, starting and completion time of driving

. name of observer

*  pile No., type and weight

®  designed pile length and level of pile head

. location of pile and level of terrain at pitching point
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Pile Installation Process

. employed equipment, type, weight and capacity of driving hammer

. applicd drop height/energy of the hammer at individual stages of installation process

. number of blows per decimeter of pile penetration during the entire driving operat 1om.
respectively vibration period per decimeter

. total number of blows

Results

e achieved driving depth
. final level of pile and pile point

e pile inclination and deviation of pile head position after installation

Special Incidents
. cutting length, if any

. extension length of pile, if butted under the driving hammer

¢ position of such butt referred to pile point

: effective pile length

. comments on special incidents, interruptions ete. (e.g. encountered obstacles, unex-
pected soil layers ete.)

Before starting installation, a standardized log sheet has to be prepared, which rakes regard of
the specific requirements of the site.

For driving of sheet piles, similar records have 1o be done.
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8.3 MANUFACTURE AND SUPPLY OF PILES
8.3.1 Steel Piles

8.3.2.1 General

For the manufacture of steel piles, the supplicr has to prepare the complete shop drawings
and to submit the same to the Engineer.

8.3.2.2 Steel Qualities

Tubular foundation steel piles shall be of specially skilled steel of grade St 37-3, or equiva-
lent highly weldable steel quality of the required brittle-fracture strength:

*  Tensile strength = 340-470 N/mm’
. Yield point:
min f}, = 235 N/mm* (t=< 16 mm)
min ;= 225 N/mm’ (16 mm <t <40 mm)

The chemical and mechanical properties of the stecl pile material shall conform to DIN
17120,

8.3.2.3 Manufacturing and Tolerances

Diameter and unit weight of welded steel piles shall conform to DIN 2458,

Manufacturing and tolerances shall conform to DIN 7120, insofar as no other directives are
preseribed in this Section,

Length tolerance of the specified steel piles shall be - 0/ 4100 mm,

8324 Welding

The pile manufacturer has to prepare and submit to the Engineer a complete Welding Proce-
dure Specification for execution of site welds, including recommendation of a range of suit-
able welding materials.

The manufacturer of welded tubular steel piles shall possess a proof of competence to weld
structural steel as per DIN 18800, Part 7, or an equivalent standard or regulation,

Only welders tested and certified as per DIN 8560 or equivalent standard, for the type of
welding to be exccuted shall be employed for this work. Relevant certificates are to be
handed over to the Engineer.

Welding shall be in accordance with DIN 17120, The welding process shall be confirmed by
welding procedure tests, whereby the recommendations of the steel plate manufacturer shall

be given due consideration.

DECEMBER 2001 8-27



i

STANDARDIZED BANK PROTECTION STRUCTURES

Spiral welding seams shall only be formed by automatic submerged arc welding, whercby at
Jeast one pass shall be made on the inside of the pipe.

All welding seams shall be welded 100%. The welding seam quality factor shall be 1.0.

All welding seams shall be tested as deseribed in Section 8.3.2.5. Imperfections or defects in
welding seams shall be repaired as far as techmcally feasible, subject to non-destructive test-
ing.

8.3.2.5 Tests and Acceptances

Tubular steel pile sections shall be inspected and tested as per DIN 17120 and delivered with
a works test certificate as per DIN 50049-3.1B,

Welding super clevation shall be within the limits of DIN 8563, Part 3, evaluation group AS.
Non-destructive inspection by ultrasonic method shall cover the tull length of all welds. The
standard of acceptability for evaluation of non-destructive inspection shall follow DIN 8563,

sheet 3, evaluation group AS,

The chemical composition of the steel plate material shall be confirmed by ladle analyses, It
must meet the requirements st against the steel qualities as per Section 8.3.2.2.

Failed tests shall be repeated as per DIN 17120, If the conditions stipulated therein cannot be
fulfilled, the entire lot of steel pile scetions will be rejected.

The Employer must have the right to have the material and welding tests supervised by an
independent inspectar at the pile manufacturer's plant.

All tubular steel pile sections manufactured in conformity with these Specifications shall be
provided with identification markings by the manufacturer as follows:

. Manufacturer's name or mark
. Size i mm
. Steel grade

Any additional marking as deemed useful by the manufacturer or Employer may be agreed
upon later on and shall be provided by the manufacturer withour additional costs to the Em-
ployer.

No material or tubular steel pile section shall leave the manufacturer's plant unless concur-

renice of the st and inspection results with the Specifications has been confirmed through
presentation of the waorks test certificates to the Employer.
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Figure 8.3-1: Typical layout of a pile assembly and finishing yard
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Adjustment of pile sections for joiming

b
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Typical Pile Point Reinforcement ‘ Typical Pile Butt Joint at Site Welding Yard
: ]
Figure 8.3-2: Typical details of welding works
8.3.2.6 Delivery

The tubular steel pile sections shall be delivered in the lengths and with prepared ends, as
indicated in the pile delivery schedule to be prepared by the Employer. Special pile puint

reinforeements shall be completed at the pile manufacturer's plant in accordance with Section
8.3.2:8.
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8.3.2.7 Preservation Coatings

The tubular steel pile material for standardized groyne stnictures do not normally need to
receive a corrosion protection coating as their steel wall thickness covers sufficiently for cor-
rosion loss.

If corrosion protection is to be provided, may be for ésthetic reasons or as warning mark, it is
recommended to use one-component polyurethane coatings, as these can be applied under
any condition of high humidity.

For any coating to be applicd, the steel surfaces must be de-rusted by shot-blasting, 10 com-
ply with Grade Sa 2.5.

8.3.2.8 Pile Point Reinforcements

Reinforcing plating shall be of steel grade St 37-3, DIN 17100.

Welding material shall be coordinated with the manufacturer of the steel plate material for
the steel piles. All welding work shall only be carried out by welders qualified for the work
and who possess a welding certificate as per DIN 8560,

Trial welds and tests to the satisfaction of the Employer shall confirm the soundness of the
welding procedure selected by the manufacturer.

Fillet welds shall be inspected by magnetic particle inspection. The standards of acceptability
by which welding will be judged shall be in accordance with DIN 8563, sheet 3, evaluation
group BK (fillet welds).

Welds that are considered defective are to be cut out and the welds have to be remade and
retested to the satisfaction of the Employer.

8.3.2  Prestressed Spun Concrete Piles

8.3.2.1 General

Prestressed spun concrete piles can only be produced by specialized and well experienced
factories. Production facilities and continued production control are to be such as to guaran-
tee the desired quality,

Prestressed spun-conerete piles shall be manufactured in accordance with DIN 4026 and DIN
4227 or JIS A-5335/]1S B-3536, or equivalent international standard,

§.3.2.2 Matenals

Cement shall conform to ASTM C-150, Type I. A works test certificate must accompany
each cement consignment used for the pile production. In the absence of certificates, samples
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of cement shall be taken from the consignment. These shall be forwarded for analysis and
testing to a laboratory acceptable to the Employer.

Aggrepates shall conform to the requirements of DIN 4226 and DIN 1045 or ASTM C 33.
Combined aggregates shall be within the limits of grading curves "A" and "B", as specified in
DIN 1045.

Concrete Quality shall conform to DIN 1045, Class B 45. 1t shall be of low shrinkage. and
the w/c-ratio be between 0,45 and 0.48,

The minimum cement content shall be 375 kg per | m? ready-mixed conerete. The concrete
must be extremely dense and watertight.

The concrete mix design must be confirmed by suitability tests according to DIN 1045 and
DIN 1048, The relevant test reports shall be submitted to the Employer prior to pile produc-
tion.

If there is a change in the source of supply of cement or aggregates or if the quality of cement
or agpregates should change considerably, suitability tests for a new concrete. design mix
must be repeated and results submitted to the Employer.

During production of prestressed spun concrete piles, quality tests as per DIN 1045 shall be
carried out. Six test cubes of 20 x 20 x 20 ¢m shall be prepared for each pile to check the
compressive strength. Compaction of concrete test specimen shall correspond to the em-
ployed pile production method. Alternatively cylindrical test specimen may be used.

Three each of the test specimen shall be tested atter 7 days and 28 days of its production. All
test results must at least correspond ta the following values (reference to 20 x 20 x 20 cm test
specimen):

. Minimum compressive strength of each cube after 28 days: 45 N/mm?.
. Series strength (minimum average compressive strength of each series of cubes) after

28 days: 50 N/mm?.

The steel moulds for the spun process must be suitable for the specified pile dimensions and
designed to ensure perfectly straight piles, true to diameter and shape.

Reinforeement steels must comply with ASTM A-615 or equivalent stundard.
The high tensile steel wires shall be of 7 mm diameter and the grade must guarantee a tensile

strength of 1600 N/mm?,

Material certificates shall be submitted to the Employer, along with factory acceptance cer-
tificates as per DIN 50049-3.1B or equivalent standard.
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Prior 1o incorporation in the works, the high tensile steel wires must be checked by the pile
manufacturer with regard to strength redueing defeets, Wires damaged in transit (e.g. notches,
etc.) or showing corrosion (exeept airbome rust) shall under no circumstanées be used in the
works.

8.3.2.3 Production

Pile diameter shall be 500 mm with a wall thickness of 100 mm. Length of each pile unit 10 m,
both ends prepared for butt jointing.

Formworks shall be set absolutely straight. Piles that do not fulfill these requirements or with
damaged pile ends will not be accepted.

The concrete cover of the tensioning wires shall be 50 mim.

The concrete shall be compacted by spinning process. The manufacturer shall prove to the Em-
ployer that the selected method produces a concrete quality of the desired strength and water-
tightness.

The Contractor shall provide suitable protection of the freshly poured concrete and use appro-
priate measures such as steam curing.

All piles shall be permanently marked with a production number and the date of concreting for
identification.

8.3.2.4 Prestressing
The high tensile steel wires shall be pre-tensioned prior to conereting the piles.

The tensioning system and equipment shall be particularly suitable for pre-stressed concrete
piles. Relevant documents in proof of their suitability and reliability shall be submitted to the
Employer.

The hydraulic stressing jack and pump shall be equipped with calibrated high precision pres-
sure gauges to measure the applicable tensile force.

The stressing equipment shall be verified to the Employer by a certificate verifying the internal
friction losses at various pressure stages, as well as with a calibration certificate for the pressure
gauge.

The calibration of the stressing equipment shall be carried out whenever required to the Em-
ployer’s satisfaction.

The initial stress of the individual wires prior to oceurrence of the slip at anchoring shall not

exceed 80 % of the ultimate tensile strength of the wires, The slip of wires at anchoring shall
not exceed 7 mm.
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The pre-tensioning loads shall be transferred to the piles, only when the concrete has reached a
minimum strength of 32 N/mm?. The fulfillment of this requirement must be confirmed by
compressive strength tests.

The manufacturer shall paint marks for lifting, transportation and storage of the piles, all to the
Employer's satisfaction.

Pre-stressed concrete piles shall not be handled and transported unless the concrete has
reached a compressive strength of at least 35 N/mm?, which must be verified by cube crush-
mg tests.

%.3.2.6 Pile Buts

Pile butts must guarantee a statically perfect compression, tension and bending proof
connection and meet all requirements of the pile driving operation. Pile butts shall be of
standard design and in accordance with internationally recognized standards, such as JIS A-
5335/J1S B-3536, Relevant design documents are to be submitted to the Employer.

83.2.7 Testsand Acceptances

The pile manufacturer shall provide for and exceute all factory tests as required under this
Section, in consideration of the applicable Standards.

The pile manufacturer shall prepare and submit to the Employer detailed reports on pile
production, containing all relevant data conceming conereting, pre-stressing, curing. including
all results of quality control. The type of report shall be coordinated with the Employer,

At least two piles of 10 m length each and one pile joint (two pile sections of 10 m each, but

jointed) shall be subject to bending test as per DIN 4227 at the manufacturers plant. The tests
shall be carried out in the presence of the Employer.
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Figure 8.3-3: Typical design for a pre-stressed spun concrete pile section
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8.3.3  Reinforced Concrete Sheet Piles

§.3.3.1 General

Reinforced concrete sheet piles can only be produced by well experienced factories. Produc-
tion facilities and continued production control are to be such as 1o guarantee the desired
quality. Reinforced conerete sheet piles shall be manufactured in accordance with DIN 1045
or equivalent standard.

£.3.3.2 Matenals

Cement shall conform to ASTM C€-150, Type 1. A works test certificate must accompany
cement consignments used for the sheet pile production, In the absence of certificates, sam-
ples of cement shall be taken from the consignment. These shall be forwarded for analysis
and testing to a laboratory acceptable to the Employer.

Aggregates shall conform to the requirements of DIN 4226 and DIN 1045 or ASTM C 33,
Combined aggregates shall be within the limits of grading curves "A"and "B", as specified in
DIN 1045,

Concrete Quality shall conform to DIN 1045, Class B 45. It shall be of low shrinkage, and
the w/c-ratio be between 0,45 and 0.48. The minimum cement content shall be 375 kg per |
m’ ready-mixed concrete. The conerete must be extremely dense and watertight.

The conerete mix design must be confirmed by suitability tests according 1o DIN 1045 and
DIN 1048, The relevant test reports shall be submitted to the Employer prior to pile produc-
tion,

If there is a change in the source of supply of cement or aggregates or if the quality of cement
or agpregates should change considerably, suitability tests for a new concrete design mix
must be repeated and results submitted to the Employer.

During production of reinforced concrete sheel piles, quality tests as per DIN 1045 shall be
performed. Six test cubes of 20 x 20 x 20 em shall be prepared for each pile to check the
compressive strength, Compaction of conerete test specimen shall correspond to- the em-
ployed pile production method. Alternatively cylindrical test specimen may be used.

Three cach of the test specimen shall be tested for compression strength after 7 days and 28
days of its production. All test results must at least correspond to the following values (refer-
ence 1o 20 x 20 x 20 ¢m test specimen}:

. Minimum compressive strength of each cube after 28 days: 45 N/mm*

. Series strength (minimum average compressive stren uth of euch series of cubes) after 28
days: 30 N/mm?.
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Formwork for the piles shall be prepared and cast in a strong and robust steel formwork. The
manufacturer must submit detailed drawings of the intended formwork, to the Employer's
satisfaction. The number of formwork sets must correspond to the production output required
as per agreed delivery schedule.

Reinforcing steel shall be deformed bars of Grade 60, ASTM A-615 or equivalent standard,
Material certificates shall be submitted to the Employer.

8.3.3.3 Production

Size of sheet piles may be about 490 x 250 mm, length as specified in the Drawings (com-
mon range 8 m to 12 m each), with special pile point and grove and tongue joints.

Formworks shall be set absolutely straight. The pile tip and grove and tongue joints must be
perfectly shaped. Piles that do not fulfill these requirements or with damaged pile point or
grove/tongue joints will not be-aceepted.

The conerete cover of the main reinforcing bars shall be 30 mm (50 mm for marine environ-
ment).

The concrete shall be preferably compacted by external formwork vibrators. The manufac-
turer shall submit to the Employer relevant details regarding make, capacity, number em-
ployed and fixing arrangement of the vibrators.

The manufacturer shall provide suitable protection of the freshly poured concrete and use
appropriatc measures such as steam curing.

All piles shall be permanently marked with a production number and the date of concreting
for identification.

8.3.3.4 Transport and Storage

The manufacturer shall paint marks for lifting, transportation and storage of the piles, all to
the Employer's satisfaction.

Reinforced concrete sheet piles shall not be handled and transported unless the concrete has
reached a compressive strength of at least 35 N/mm?, which must be verified by cube crush-
ing tests.

8.3.3.5 Tests and Acceptances

The pile manufacturer shall provide for and execute all factary tests as required under this
Section, in consideration of the applicable Standards. The pile manufacturer shall prepare and
submit to the Employer detailed reports on pile production, containing all relevant data con-
ceming concreting, euring, including all results of quality control. The type of report shall be
coordinated with the Employer.

DECEMBER 2001 8-37



STANDARDIZED BANK PROTECTION STRUCTURES

Ev G

3

Front view

Longitudinal section

BAR SCHEDULE FOR ONE SHEET PILE
EE BT s |
S e e Jman]

im) | it
pal =t tg Ll I X
—_—
LR e w | 3
T — <o [
l |:£r! i IE 3 |am L
T o & o
wes —
o
¥ |9R] —F—— v | s
= T
o el o |
= =
b+ ] e :‘: s | w | e
; *
el N | w |2 | 20
=

18 2 soume| w |00 | pm

o o) P ) O O P
Wy ;E)
Taotal weighl of one Siandam Pile 37772 kg
Total weight of one Starter Pile 25038 ky
(i 1] e ) sty
Notes:

1. All measurements are in millimetre

2. Deformed reinforcing steel bars, Grade 60,
ASTM A-615

3. Concrete Class Grade B 45, DIN 1045

4, Lifting and handling of units only after concrete
compressive strength has reached 35 N/mm?

IppEpepr R R P

Figure 8.3-4: Typical design of reinforced conerete sheet-pile unit (here: 490 x 250 x 8000

8-38

mm)

DECEMBER 200



3 o

83 MANUFACTURE AND SUPPLY OF PILES

Pitching and alignment of concrete sheet
piles for driving

Cofferdam: installation of anchors and capping beam Cofferdam: backfilling and compaction

Figure 8.3-5: Details of concrete sheet pile installation
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8.3.4 Bored Concrete Piles (In-situ Concrete Piles)

8.3.4.1 Definition

Bored piles within the meaning of this Section are in-situ concrete piles as per DIN 4014 or
equivalent standard, which are constructed by sinking a steel casing with a nominal diameter
equal to the designed diameter of the pile, The soil inside the pipe is removed by means of
appropriate boring tools, while the pipe is simultaneously rotated or driven and advanced into
the ground.

After the steel casing is sunk to the desired depth the borehole must be cleaned, a reinforcing
cage be installed and the empty space be concreted. Thereby the bore pipe is reclaimed 1o a
specified depth as a rule; but shall serve as permanent protective casing in the speeified upper
free length of the pile.

The Employer may approve alternative boring methods, but a permanent protective casing is
to be provided in the specified upper pile length in any case.

In the following, the term "diameter” will always be construed as the outer diameter of the bore
casing.

8.3.4.2 General
Only such firms/sub-contractors shall be entrusted with the construction of bored piles who

pussess o thorough knowledge and extensive experience in this special field.

With the Tender. the Tenderer shall submit full details on experience and equipment of the
firm, who shall execute the bored pile works.

The responsible construction superimtendent must be thoroughly acquainted with the type of
bored pile construction and its execution.

Only experienced and reliable foremen, who have already successfully executed such work,
shall supervise bored pile works.

Piece-work shall not be tolerated by the Employer because of the therewith connected

sources of danger for the quality of the bore pile construction. The same holds good for night
work, which will be approved by the Employer only in exceptional cases.

8.3.4.3 Location and Tolerances

The bore pipes must be surveyed-in and positioned with utmost accuracy. The Contractor
shall provide only such equipment inclusive of suitable auxiliary means and devices that en-
able exact positioning besides technically sound execution of the boring work.
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The tolerance in the location of pile heads shall not exceed 100 mm in any direction. The
deviation of the finally prepared pile heads shall not deviate more than 50 mm from the de-
sign level.

The inclination of the pile centerline shall not deviate from the given direction by more than

1%.

If the tolerances are exceeded due to Contractor's fault, the Contractor must bear all the re-
sulting costs and supplies required for the technically sound rectification of such discrepan-
cies. such as construction of additional piles, etc., all to the satisfaction of the Employer.

8.3.4.4 Materials

Reinforcement shall be of deformed bars of Grade 60 as per ASTM A-615 or equivalent
Standard.

The reinforcement shall be fabricated as a reinforcement cage in accordance with the Draw-
ings. The cage is to be so inserted in the bore pipe, that it is not displaced during concreting,
and that it cannot be lifted when the bore pipe is extracted,

The reinforcement cage must be firmly placed in position in the bore pipe through spacers.
The conerete cover of the outer reinforcement shall be at least 60 mm.

The basic materials for producing the conerete shall conform to the respective Standard, e.g.
DIN 1045,

Cement shall be Ordinary Portland Cement, Type I, as per ASTM C-150 or BS 12 or equiva-
lent Standard. Rapid-setting cement shall not be used.

The in-situ conerete for the bored piles shall correspond to Grade [1, Class B 35, DIN 1045. It
must contain at least 400 kg cement per | m* ready-mixed concrete, with a grain size
distribution of combined aggregates between 0 - 16 mm,

The cement content shall be increased to 450 kg per | m* ready-mixed concrete for the first
pour to be filled into the tremie pipe.

The design mix for concrete Class B 35 shall be verified by preliminary tests as stipulated by
DIN 1045. The mix must be a most possible dense concrete with a finest grain proportion
(cement plus aggregate of size up to 0.2 mm) of more than 400 kg per | m' ready-mixed con-
crete,

The fresh concrete shall have a consistency with flowing properties, but the spreading index

(consistency range as per DIN 1045) shall be limited to 55 to 60 ¢cm. The water-cement ratio
shall not exceed the value of 0.60.
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Quality control shall be ensured by routine tests, analogously 1o DIN 1045, For each day of
conereting the bared piles 6 test cubes of size 20 x 20 x 20 cm shall be prepared, of which
three each shall be tested after 7 and 28 days.

The concrete strength after 28 days shall correspond at least to

e  Minimum compressive strength of each cube: 35 N/mm??,
e Minimum average compressive strength of cach series of 3 cubes: 40 N/mm?.

8.3.4.5 Boring Work

The drilling equipment shall be of mechanical or hydraulic drive of adequate capacity in con-
sideration of the soil to he penetrated and the boring depths. It must be particularly suitable
for the drilling method to be employed.

Details of Contractor's drilling method, intended number, type and capacity of gear and drill-
ing tools shall already be submitted to the Employer along with the Tender and be supple-
mented as required in adequate time before commencing the boring works.

The Employer will not tolerate a drilling method and/or equipment by which no technically
sound execution of the boring work will be ensured.

Bored piles shall be sunk to design depth as indicated in the Drawings and Bill of Quantities
or as otherwise directed by the Employer.

If soil layers are encountered in which technically sound construction of the concrete piles
and their load bearing capacity is doubtful, the Contractor must immediately inform the Em-
ployer hereof. Any further work or measures shall be carricd out only in coordination with
the Employer.

With bored piles. which are staggered according 1o the depth, the deeper seated piles must be
constructed first. The Employer will permit no exception to this gencral principle, since the
s0il under already constructed piles would be subsequently weakened in its bearing capacity.

The outer diameter of the bore pipes must correspond to the nominal diameter of the in-situ
bore piles.

The pipe joints shall be flush inside and outside. Joints shall be screwed and must be water-
tight. If' necessary. suitable sealing compound shall be used for the joints.

The outer diameter of the cutting edge of the bore pipe may be larger than that of the bore
pipe, however, up to maximum 20 mm only.

Bore pipes which are designated to become an integral part of the in-situ concrete piles (i.e.

as permanent protective casing) shall be of the size and quality as indicated in the Bill of
Quantities and may be provided with welded joints.
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Step 5
Start concreting by tremie-pipe
method to at least 3.5 m height,
keep pipe end always about 2m
within cancrete fill

]
Step 6 ete.

Continue pouring conerete, while
extracting the tremie pipe in
stages. but keep pipe end always
about 2m within concrete [ill

Figure 8.3-6: General installation method for bored in-situ cast reinforced concrete piles
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These bore pipes must be adequately supported and secured during the entire bore pile con-
struction, until the concrete has achieved adequate strength.

The Contractor is obligated to submit the detailed proposal for these temporary works to the
Employer

For drilling and discharging only such equipment and tols shall be used which are particu-
larly suitable for cutting the individual soil layers and which extensively avoid loosening of
the surrounding soil.

Jetting aid will not be permitted for sinking the bore pipes. Any drilling equipment or tools
causing far-reaching and thus adverse loosening outside the bore pipe will not be allowed for
the construction work by the Employer, c.g. above all such tools, whose effectiveness de-
pends exclusively on the principle of suction.

The bore pipe must advance ahead of the boring tool/core discharge as far as at all possible
but at least 300 mm to 500 mm in non-cohesive, fine grained soils, whether drilling above or
below ground water table.

Deviation from this condition will only be tolerated in firm, cohesive soils, cemented layers
ete,, which do ot or permit only to a minor extent the advaneing of the bore pipe.

If the foregoing provision is not being sufficiently adhered to at any time by the Contractor,
those bore holes will not be accepted by the Employer for construction of an in-5itu concrete
pile and must be abandoned at the Contractor's expense.

When drilling below water table, works shall be carried out under continuous water supply to
the bore pipe to ensure maintaining of an adequately high water table in the bore hole at any
stage of boring, i.¢. during drilling and on withdrawal of the drilling tool.

The excess pressure inside the bore pipe shall beat least 1.0 m. If confined ground water is to
be expected, the bore pipe must be filled so high with water before reaching the water-
bearing layer, that the pressure of the confined water is kept at least at equilibrium, in order
to surely prevent a buoyancy or flushing out of soil particles.

The hydrostatic pressure difference in the bore pipe should be determined in consideration of
the highest possible artesian pressure head. In cases of doubt, drilling must be carried out
trom the very beginning with an adequately high water column.

The aforementioned is of particular importance if sands which tend to flow are encountered
during drilling, or such silty or cohesive soils which guickly change their consistency during

drilling under water mflux.

Thereby shortly occurring under pressure against the ground water can already lead w dam-
aging soil uplifts in the bore pipe. When passing through the aforementioned soil strata, care
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must also be taken, that upward movements of the drilling tool in the bore pipe are carried
out relatively slowly., in order to aveid additional suction.

Conereting of a bored pile has to be executed immediately on the day of completing the drill-
ing. If this condition cannot be met for any reason, the boring works must be suspended at
least 2 m above the designed pile tip level. The final boring to design depth shall be com-
pleted only on the day of concreting, immediately prior to the concreting,

Any borchole that must be-abandoned is to be filled with non-cohesive sand, which shall be
slightly compacted in order to restore at least the original condition of the subsoil,

8.3.4.6 Obstacles during Drilling

The term "obstacles” within this Section shall mean unforeseen artificial obstructions which
cannot be readily traced by inspection or taken from relevant documents (drawings e.g. old
underground structures, service lines etc.), and subsoil obstructions ¢. g. rock layers, boulders
in the ground, cemented soil layers and the like which can be neither penetrated with the ap-
propriate equipment as required under the Contract nor derived from the data provided in the
Contract or by any samples or information which could also have been exhibited by the Con-
tractor from available borings or trial holes.

The Employer is to be notified immediately, when obstacles are encountered during drilling.
All subsequent measures shall be coordinated with the Employer.

Smaller obstacles may be removed by appropriate means and tools, but loosening of the soil
must be avoided to the possible extent. Jetting aid or blasting inside the bore hole is strictly
forbidden,

If before reaching the design depth obstacles are encountered which cannot be removed
without extensive soil loosening, the borehole must be abandoned in any case. The borchole
is then to be filled with lean concrete or with non-cohesive sand, so that at least the original
condition of the soil is restored to the Employer's satisfaction.

The Employer will decide on the location of substitute bore holes,

8.3.4.7 Concreting

The sequence of conereting the bored piles must be coordinated so that the setting of the con-
crete is not impaired through the work on neighboring piles.

Immediately after completion of the drilling, the reinforcement cage must be inserted and the
pile then conereted.

Itis not permitted to drill a number of bores to design depth and to start the inserting of the
reinforcement cage and the conereting thereafter

DECEMBER 2601 §-45



STANDARDIZED BANK PROTECTION STRUCTURES

Special. extraordinary circumstances may prevent the maintaining of the above provision.
The Employer is to be informed of such situation immediately and the subsequent construc-
tion measures shall be coordinated with him. In any case. it must be determined prior to con-
creting of such boreholes whether the bottom level of the bore point has lifted in the mean-
time. Under certain circumstances, re boring must be carried out before the conercting, For
checking a possibly lifted contact surface, the previously inserted reinforcement cage must be
withdrawn.

The reinforcement cage must be raised by 50 mm to 100 mm above the bottom at the begin-
ning of the conereting. so that its bottom end is also sufficiently encased with concrete,

The concrete must be poured by trémie pipe method, so that it reaches the bottom of the pile
point, thus ensuring that it becomes neither segregated, interrupted, contracted nor impured,
and that it is given a dense texture.

The tremie pipes must be joined watertight. The pipe diameter shall be seleeted in considera-
tion of the concrete consistency and borehole depth, The tremic pipes must extend down 1o
the pile point.

During progress of the concreting operation, it must be ensured that the concrete column does
not break during withdrawal of the tremie pipe and that no water can enter the tremie pipe.
The stepwise withdrawal of a tremic pipe section shall not be done unless the tremie pipe
reaches down by at least 3.0 m into the already placed conerete, and at any stage the mini-
fmum embedment of the tremie pipe into the conerete column shall be 2 m.

Enough fresh conerete must always be held available and placed, so that the bored piles can
be filled by at least 2.0 m in height in one operation.

The concrete may be compacted according to the progress of placing, if required by the bore
pile construction method employed by the Contractor, in vrder to fulfill the Specifications.

The bore pipes shall be withdrawn slowly and uniformly. particularly in the upper length of
the pile, to avoid definitely that the conerete column breaks or is contracted. During extract-
ing the concrete column shall always be kept at least 1.5 m above the bore pipe end, to main-
tin an adequate pressure against incoming ground water or soil.

Bore pipes which are an integral element of the in-situ conerete piles shall be withdrawn only
to the elevation shawn an the Drawings or as otherwise directed by the Employer, and their
top end shall be cut at design elevation.

Flushing out of binding agems of the fresh conerete through flowing ground water must be
avoided with certainty, If this provision cannot be followed for special reasons. the Contrac-
tor must inform the Employer thereof before the start of conereting. As the case may be, the
bore pipes shall then remain in the ground. or the concreting be postponed.
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8.3 MANUFACTURE AND SUPPLY OF PILES

8.3.4.8 Records of Installation

The Contractor is obligated to prepare detailed records on the construction of every bored
pile and to submit them to the Employer in the reguired number of copies,

The form of reports shall meet the requirements of DIN 4014 and must be coordinated with
the Employer. A specimen form is attached at the end of this Section,

8.3.4.9 Controls and Acceptances

The Contractor must verify the concrete consumption for each in-situ concrete pile. Immedi-
ately after completion of the concreting the actually measured and placed quantity is to he
compared with the theoretical cubic content of bore hole and must be at least equal. The ac-
tual data shall be entered in the form for the construction of bored piles and be submitted to
the Employer.

Bored piles, for which the Contractor cannot provide the foregoing verification will not he
considered as permanent structural members and be rejected by the Employer. In such cases,
the Contractor shall install a replacement pile as directed by the Employer and the Contractor
is not entitled to demand compensation for his performances.

Concrete test cubes shall be tested at due dates. The results shall conform at least to the crite-
ria stipulated in DIN 1045 and shall be entered in the final bored pile construction reports to
be submitted to the Employer.

Independently of the quantity of concrete placed within a day, six test cubes shall be prepared
for each pile produced. Three cubes cach shall be tested for compressive strength after 7 and
28 days, to the requirements of Table 8.3-1.

Class Characteristic Strength Series strength
(minimum compressive strength (minimum average compressive sirength of
each test cube) each series of three cubes)
szu Bwm
B 25 25N/ mm’ 30N/ mm?
B35 ISN/mm’ 40N/ mm?

Table 8.3-1: Required strength of conerete for bored piles
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STANDARDIZED BANK PROTECTION STRUCTURES

Pile cross-section

REINFORCEMENT BAR SCHEDULE ( Stee! Grado 60 }
(rem | BAR BAR SHAPE o [CUTTING wEsGH?
- y Neom  [LENGTH
o | | b e | Ty Iba) |
U P —ee 2 | 588 S0a 20
| R _— | ww | wde
3 ,E, [ 1100 | ovsen
[ B § ’
bt tAA/
o b awm L0y 100 |  arzs
- o
% (020N _f;_:h'r:m 6 080 | s
Total Weight Psr Pils aTaT3

Reinforcement bar sehedule
{for one pile dia. 367, length 22 m)

General Notes:

1, Measurements are shown in millimetres, except
shown otherwise.

2. Reinforcing steel bars shall be Grade 60 as per
ASTM A-B15:

3. Coarse concrete aggregates shall be only natural
gravel or crushed stone, maximum aggregate
size 32 mm.

> o

Concrete shall meet requirements of Class B 35
(DIN 1045). Minimum cement content 400 kg/m®
of ready mixed concrete.

Water-cement ratio maximum 0.6

Permanent steel tube lining shall be provided
within the anticipated total exposure length of the
piles (after erosion has taken place) Steel grade

5t 37 or equivalent _J

Figure 8.3-7: Typical cross-section of bored in-situ cast reinforced concrete pile
(here D=914 mm)
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8.3 MANUFACTURE AND SUPPLY OF PILES

Drilling for in-situ cast reinforced concrete piles
by reverse rotary method

Lifting of reinforcement cage for installation in
the completed bore hole

Typical reinforcement design of cast in-situ

bired pile dia. 36” (914 mm)

J f
|
s 7
E =
ﬂé : i @
bos .-
i
-]
0 =
i oz
|
€ z
J %
: §
i #
'

Figure 8.3-8: Bored in-situ cast reinforced concrete pile works on-shore
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STANDARDIZED BANK PROTECTION STRUCTURES

(PROJECT NAME)
BORED PILE PRODUCTION REPORT

Pile Location Mo

Bored Pile Production Ne:

Drate:

I.  BASIC DATA

Contractor:

Construction Site:

Reference Drawings: _

1. Pile Data

34 Cement

Manufacturer:

11 MNominal Diameter of Pile: mm
12 Casing Data:
- empoTary Casing:__ mim
- permanent casing: mm
13 Drilling Toul (type) B
L4 Outer Diameter of
Driliing Tool . _mm
Cutting Edge: —-mm
2. Reinforcement of Pile
21 Reinforcement Drawing No, o
22 Installation of Reinforcement Cage:
betore concrebing
after concreting
23 Spacers
Type =
Spacing in Longltudipal Direction: _____mm
3. Concrete Mix
31 Type(StrengthClasspB___
32 Cohsistenéy/Sluomp: |
33 Mixing Plant
Type: F
Capacity: __mmix

Type

O Tick-mark where applicable

36

39

43

Quantity perT m? Concrete: kg/m?
Aggregates:

Combined Aggregate Curve Nou

Max: Grain Size: mm

Water-Coment Ratio;
Concrete Additives:
Type/Brand Name: o
% of Cement Content: (by Volume)
Retarder:

Type) Brand Name: _

Retard Tumne: h

Concreting Procedure

Means of Placing Concrete
Tremie Mipe ¢ __mm
Pumping Pipeg: mm

Other means

Descnphion:

Measures to Clean Bore Hole Bottom

Measutes to Separate Concrete from
Bentonite

Suspension at the Start of Concreting;

Remarks/Comments

Figure 8.3-9: Report form for bored in-situ cast reinforced conerete pile works (part )
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8.3 MANUFACTURE AND SUPPLY OF PILES

Error! Bookmark not defined.  (PROJECT NAME) Page 2 0f 3
BORED PILE PRODUCTION REPORT

1. VARIABLE BORED PILE PRODUCTION DATA

Date of Boring = Pile Location No, o
Date of Concreting ) Bored Pile Production Now; |
Sail Profile 1. Pile Data
Depth Type of Ground Length of 11 Check of Borehole Depth:
Suil Water Casing — m below ground level
Tanle 12 Bitdrilling froim m
Below | Referred Below to m below ground level
Ground to Ground 13 Dewiabions from Designed Location:
Level X-Axis_ o
[m] +00'm [m] from.. to._m v A% =3

2 Data of Bentonite - Suspension
{actual measured data)

At Start of After
Concreting | Concreting

T

P

Level of Bentonite - Suspension

(actual measured data):

mabove bottom level of casing

m above ground water table

Reinforcement of Pile
31 Deviations from Reinforcement
Drawang No.:
32 Alterationof Pile Length: __ m
33 Alteration of Reinforcement
(Reason):
34 Other Alterations: ____

4. In-Situ Concrete
‘Special Observations:

o

Concreting

i

Level of Suspension at Start of
Concreting, m above lower
edge of casing

Vernfication of Concrete
Consumption:

<
(%]

Theoretical| m?

Actual consumed; m

Fig. 8.3-9: Report form for bored in-situ cast reinforced concrete pile works (part 11)
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'iél-] STANDARDIZED BANK PROTECTION STRUCTURES

====
Page 3of3
{PROJ-ECI' NAME} Pile Location No.
BORED PILE PRODUCTION REPORT SRR UL ]
6. Bored Pile Construction Time
Sarrounding Exicuion Date Exevution Time
Action Temperature
gl =
Start End Start End

Drilling

Installation of

Permanent Casing

Bit dnlling

Interruption

Corcreting

Concrete Compressive Strength Tests
71 Size of Test Specimen; .
2 Identification Numbers of Test Specimen:
73 Compressive Strength Test Resulls
1B-No. T-days test ID-No 28-days test
[N ] [N/ mne?|
Averdge: Average:

8. Remarks
Deviations trom Basic Data o
9. Signatures
Contractor's Drilling Master: Date: / ¥
Contractor's Superintendent: Date, [/ /
Engineer's Representative: _ Daw:

Fig. 8.3-9: Report form for bored in-situ cast remnforeed concrete pile works (part 1)
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PART 3 — DESIGN PLATES Table of Contents

PART 3 - DESIGN PLATES

Contents
Design Calculations Revetments

A Cube-shaped Concrete Blocks
B Rip-rap Revetments

C  Stone-filled Mattress Systems
D Brick-filled Mattress Systems

Design Calculations Launching Apron

E  Cable Connected Concrete Blocks

Design Calculations Falling Apron
F  Cube-shaped Concrete Blocks

Design of Permeable Groyne Structures

G Scour Depth and Total Design Water Depth
H  Groyne Length and Permeability
| Pile Design — Embedment Length and Pile Dimensions
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Design Calculations Revetments

Cube-shaped concrete blocks
{(hand-placed in single layer)
Design against current

-1 =2

e

Minimum Size DHEL-@BD-Q' g -
¢ v, A, K

D, [m] size (arris length) or thickness of single layer ce-blocks

i [m/s]  depth averaged flow velocity
if replaced by u, = 0.6 4 (theoretical bottom flow velocity for a
logarithmic velocity profile) a value of K= 1.0 must be applied

A [-] relative density of submerged material (Ps =P ) Pw

g [m/s*]  acceleration due to gravity (= 9.81)

hse [-] stability factor for current

W [-] critical shear stress parameter

K, [-] turbulence factor

Ky [-] depth factor, dependent on the assumed velocity profile and the

water depth to equivalent roughness height ratio:

]

5 =
K =2 ’VI(‘Jg[ lkhh ﬂ with &= D, for relatively smooth material

r sina’

} neglecting the

K., [-] bank normal slope factor K, = J71 | iy J

longitudinal slope of the bank or structure, which is reasonable for
B.D. rivers and a conservative assumption !

o 1< slope angle of bank or structure
B [=] angle of repose considering the material specific internal friction
Coefficient Unit  Value Coefficient Unit  Value
Turbulence intensity K, Stability factor ¢sc
Normal turbulence in rivers -] LO | continuous Protection -1 (.65
Non-uniform flow with increased Exposed edges, transitions [-] 1.25
turbulence, mild outer bends I 1.5
High turbulence, local distur-
bances, sharp outer bends [-] 2.0
Angle of repose g, Critical shear stress
Geo-textile [9] 20 parameter ., (Shields) [-1 0,05
Granular | 25
Material density p
3
Conerete (khoa aggregates) p, [kg/m’] 2000
Water p,, lkeg/m'] 1000
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e Design Calculations Revetments

Cube-shaped concrete blocks
(hand-placed in single layer)

Design against waves

. ex H. & .
Minimum Size [, 2 i Lo = (&, =3 cota=2)
: .Wlf @y ~Cos e

m

D, [m] size (arris length) or thickness of single layer ce-blocks
H, [m] significant wave height
Ay [-] relative density of submerged material (ps-pu )/ Py
SO | stability factor for wave loads
Uy -1 system specific stability upgrading factor

e 1.25-T,
E; il wave similarity parameter tan@ ———"

R

o [ 7] slope angle of bank or structure
B [s] mean wave period
b (-1 wave-structure interaction cocfficient, mainly dependent on

roughness and porosity of protective material

Coefficient Unit  Value

Stability factor for incipient
maotion Qsw (-]

Stability upgrading factor y, [-)
Interaction Coefficient b [-] 0.67




Design Calculations Revetments

Cube-shaped concrete blocks
{(hand-placed in single layer)

Supplementary Information/
Specifications/ Construction Details

Supplementary Information

P slope factor K,

Embankment slope 1:2.5 123 1 TS 1:4 lizch
angle 21.8° 18.4° 1597 147 kL3°

CC-blocks on geo-textile 0.385 (.599 0.707 (.820

filter mat (g, = 207) N

CC-blocks on granular 0.477 0.6635 0,761 0.820 0.886

filter (e, = 257)

Specifications and Construction Details

below),

L Figure: Testing of concrete specimen

To increase the stability of such a blockwork, the gaps between individual ce-blocks should
filled with smaller gravel material (increased interlocking effect),

The material density of conerete units made from coarse khoa aggregates may vary between
pe="1 980 10 2,000 kg/m' dependent on the quality of the aggregates and the mixture of concrete
Adequate care and control during concrete production is very important for the stability of the indi-
vidual element. Frequent analysis of the physical stability of test specimen 1s required (see figure




Design Calculations Revetments

{Randomly placed broken stones or buulders)

Rip - Rap Revetments

Design against current

Diameter D, 2 —

u’ 0.035 @K, K,

2g (l=n)-A, K,

D, [m] characteristic diameter of boulders or broken stone material *'
i [mis]  depth averaged flow velocity

if replaced by uy= 0.6 i (theoretical bottom flow velocity fora

logarithmic velocity profile) a value of K= 1.0 must be applied
An I relative density of submerged material (p;-py )/ py
G [mis*] acceleration due to gravity (= 9.81)
s [-] stability factor for current
e -] critical shear stress parameter
K [-] turbulence factor
Ky [-] depth factor, dependent on the assumed velocity profile and the

water depth to equivalent roughness height ratio:

K= [log[ %ﬁ ]J with k. = Dy, for relatively smooth material

= sing ) 3
K, [ bank normal slope factor K, = | | —[qu_ ] neglecting the
‘ ¥

longitudinal slope of the bank or structure, which is reasonable for

B.D. rivers and a conservative assumption '’
o 17 slope angle of bank or structure
£, ™1 angle of repose considering the material specific internal friction

Coefficient Unit  Value Coefficient Unit  Value

Turbulence intensity K, Stability factor ¢
Normal turbulence in rivers [-] LO | Continuous Protection [-] 0,75
Non-uniform flow with increased Exposed edges, transitions [-1 1.25
turbulence, mild outer bends [-] 1.5 (1.50)
High turbulence, local distur-
bances, sharp outer bends [-] 2.0
Angle of repose g, Critical shear stress
Geo-textile [ 20 parameter v, (Shields) [-] 0.035
Granular ™ 25

Material density p

Boulders p,
Water p.

[keg/m'] 2600
[kg/m’] 1000
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Design Calculations Revetments

I Rip - Rap Revetments

(Randomly placed broken stones or boulders)

Design against waves

H;
) i, &
Diameter D, = ——————— (E:<3cota>2)
A, W, @y cosa
Dy [m] characteristic diameter of boulders or broken stone material =
H. [m] significant wave height
fa T (-] relative density of submerged material (ps - puw )/ Pw
osw -] stability factor for wave loads
Wy - system specific stability upgrading factor
} SRy 2 V257
£ (] wave similarity parameter tan@-———=
y Hy
o i slope angle of bank or structure
T [s] mean wave period
b [-] wave-stricture interaction coefficient, mainly dependent on

roughness and porosity of protective material

Coefficient Unit  Value

Stability factor for incipient

motion Qay [-] ]
Stability upgrading factor y, " [-] 1.0
Interaction Coefficient b 1= 0.5

Y for maximum tolerable damage of a two-layer system on granular filter dsw = 3.0

s ; ; ) ; ;

! for a two layer rip - rap system (no damages), in case certam damages are tolerated the upgrading
factor might be inereased oy, = 1.33




Design Calculations Revetments

Rip - Rap Revetments

(Randomly placed broken stones or boulders)

Supplementary Information/
Specifications/ Construction Details

Supplementary Information

"slope factor K,

Embankment Slope 1§25 1:3 1235 1:4 IS
Angle 21.87 18.4° 159° 14° 11.3°

Rip-rap on geo-textile B 0.385 0.599 0.707 0.820

filter mat (g, = 20°)

Rip-rap on granular 01.477 0.665 0.761 0.820 0.886

filter (£.= 25°)

* In average; material density may vary between 2,400 and 2.800 kg/m’, dependent on the
source.

Specifications and Construction Details

% For broken stone material: nominal diameter Dsp = Dy / 0.85. For stones/ boulders this
relation may be used tentatively only and should be verified for detailed design,

In case of surface or pattern grouting (refer to Chapter 7) the nominal diameter found from
wave loads (which are in general decisive for the stability of grouted material) can be re-
duced to

Dsn {grout) = 0.9 Dsg {rip-rap) for surface gmuting
Dty grouny = 0.6 Dsii jrinmpy for pattern grouting

The typical grading envelop for rip — rap material (recommended by PIANC, 1987) is shown
in the following diagram (refer also to Chapter 7). Wy weight of a single unit of nominal
diameter.

100~

Woang =il [ka]

(D=
(n,wJ P, kgl

diirpnter than by wesghi
o
[~

sis & Sl ¥

Stana weaht

T
W mo 85 Tound from stabiity formulae




Design Calculations Revetments

Stone filled mattress systems

Design against current

Minimum thickness of mattress D

0.035-w° ¢y K, K,
C(l=n)A, 28 Kgop,

W

123 [m] thickness of mattress system
i [m/s]  depthaveraged flow velocity

if replaced by u, = 0.6 7 (theoretical bottom flow velocity for a

logarithmic velocity profile) a value of K= 1.0 must be applicd
n [-] volume of voids in the mattress fill (approx. n = 0.4)
A [-] relative density of submerged material (p, - py, ) / py
g [m/s?]  acceleration due to gravity (= 9.81)
e [-] stability factor for current
Ve [ critical shear stress parameter
K, [-] Turbulence factor
Ky [-] depth factor, dependent on the assumed velocity profile and the

water depth to equivalent roughness height ratio:

Y]t . .
K. =2 lng( ’ M with &.= D, for relatively smooth material
% ! sing | ’ ,
K. [ bank normal slope factor A, =\| I—{ s } neglecting the
s

longitudinal slope of the bank or structure, which is reasonable for

B.D. rivers and a conservative assumption "
o [°] slope angle of bank or structure
& 2] angle of repose considering the material specific internal friction

Coefficient Unit  Value Coefficient Unit  Value

Turbulence intensity K, Stability factor ¢y
Normal turbulence in rivers I LO | continuous Protection ] 050
Non-uniform flow with increased Exposed edges, transitions [-] 1.00
turbulence, mild outer bends [-] 1.0
High turbulence, local distur-
bances, sharp outer bends [-] 1.0
Angle of repose g, ™' Critical shear stress
Geo-textile J*] 20 | parameter \y,, (Shields) [-] 0.07
Granular &1 25
Material density p,
Stone fill [kg/m'] 2600
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Design Calculations Revetments

Stone filled mattress systems

Design against waves

H,

#

Wy

- : H
Minimum thickness of mattress D, =2 — .

T l=n) A, W, By, C0ST

D, [m] thickness of mattress system
H. [m] significant wave height
n [-] volume of voids in the mattress fill (approx. n=0.4)
A [-] relative density of submerged material (ps-py )/ pPu
dsw [ stability factor for wave loads
Wy [-1 system specific stability upgrading factor
5t 1.25-TF,
E, [-] wave similarity parameter tang ————
3 JHs
(r [%] slope angle of bank or structure
Tiia [s] mean wave period
b [-] wave-structure interaction coefficient, mainly dependent on

roughness and porosity of protective material
-l P P

Coefficient Unit  Value

Stability factor for incipient
motion Qyw

,_
1
b
L

k2
i

Stability upgrading factor y, L
Interaction Coefficient b [-] 0.30




Design Calculations Revetments

Stone filled mattress systems

Supplementary Information/
Specifications/ Construction Details

Supplementary Information

Dslope factor K,

Embankment slope 1528 153 1:3.8 1:4 1:5
angle 21.8° 18.4° 15.9° 14° 11.3°

Wire mesh mattress on geo- (0.385 0.599 0.707 0.820

textile filter mat (. = 20°) o

Wire mesh mattress on 0.477 0.665 0.761 0.820 0.886

granular filter (e, = 257)

¥ In case of very high design flow velocities (u, = 3 m/s) or large wave heights (H > Im) a
granular sub-layer with minimum thickness of 0.2m should be provided between geo-textile
filter mat and wire mesh mattress.

Specifications and Construction Details

Wire material and anchoring;
Besides the sufficient weight of the mattress a proper interlocking between the individual
mattresses and appropriate anchoring of the mattress clements is most important. The diame-
ter of the wire material should 4mm minimum, the anchor and interconnecting cables should
be chosen to 10mm (strand-wire), In case wire mesh mattress systems are applied as a
launching apron only proprietary box gabions (e.g. RENO") should be used,

[




Design Calculations Revetments

Brick filled mattress systems
Design against current

=1

" :‘?Is\.':". =

it 0035 @y K K,

Minimum thickness of mattress D, > —
2 v, (-m4A, K,

Dy [m] thickness of mattress system
I [m/s]  depth averaged flow velocity

if replaced by u, — 0.6 #7 (theoretical bottom flow velocity fora

logarithmic velocity profile) & value of K, = 1.0 must be applied
n [-] volume of voids in the mattress fill (approx. n=0.15)
A [-] relative density of submerged material (p; - pu )/ pu
I [m/s?]  acceleration due to gravity (= 9.81)
s [-] stability factor for current
We o [-] critical shear stress parameter
K, [-] Turbulence factor
Ku [-] depth factor, dependent on the assumed velocity profile and the

water depth to equivalent roughness height ratio:

K,.=2 {Jog[f—ﬁn with k.= D, for relatively smooth material

5 = “sina | :
K. [] bank normal slope factor K, = J 1—[ == ] neglecting the
4 5

longitudinal slope of the bank or structure, which is reasonable for

B.D. rivers and a conservative assumption '’
o [%] slope angle of bank or structure
&, [®] angle of repose considering the material specific internal friction

Coefficient Unit  Value Coefficient Unit  Value

Turbulence intensity K, Stability factor ¢so
Normal turbulence in rivers -] 1.0 | Continuous Protection [-] 0.50
Non-uniform flow with increased Exposed edges. transitions [=] 1.00
turbulence, mild outer bends [-] 1.5
High turbulence, local distur-
banees. sharp outer bends (-] 2.0
Angle of repose g, ' Critical shear stress
Geg-textile [#] 20 parameter Y, (Shields) [-] 0.07
Granular [7] 25
Material density p,
Brick fill [kg/m'] 1800 |
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2 Design Calculations Revetments

Brick filled mattress systems

Design against waves

H &t
T l=n) A, by, cosa

v (Ex<3,cotoi=2)

D; [m] thickness of mattress system
11, [m] significant wave height
n [-] volume of voids in the mattress fill (approx. n - 0.15)
An T relative density of submerged material (ps-pw )/ pu
osw -] stability factor for wave loads
Wy I-] system specific stability upgrading factor
b 1957,
E, [-] wave similarity parameter tan@ — ——
: JH;
o (=] slope angle of bank or structure
T [s] mean wave period
b [-] wave-structure interaction coefficient, mainly dependent on
roughness and porosity of protective material
Coefficient Unit  Value

muotion Qsw i 228
Stability upgrading factor y, -] 2.50
|_Interaction Coefficient b [-1 .50

Stability Factor for incipient




Design Calculations Revetments

Brick filled mattress systems

Supplementary Information/
Specifications/ Construction Details

Supplementary Information

" slope factor K,

Embankment slope | 52:5 I=3 | 5835 1:4 1S
angle 21:8° 18.4° 1592 14° 11:3°

Wire mesh mattress on geo- - 0385 0.599 0.707 0.820

textile filter mat (e, = 20°)

Wire mesh mattress on 0477 0.665 0.761 0.820 0.886

granular filter (e, = 25%)

' In case of very high design flow velocities (uy >3 m/s) or large wave heights (H > 1m) a
granular sub-layer with minimum thickness of 0.2m should be provided between geo-textile
filter mat and wire mesh mattress.

A mmimum number of two layers must be considered for brick mattresses. As an approximation for
Structure Category 2 (SC2) and 3 (SC3) the following arrangements are suggested:

s5C2 SC3

]

Specifications and Construction Details

Wire material and anchoring:
Besides the sufficient weight of the mattress a proper interlocking between the individual
mattresses and appropriate anchoring of the mattress elements is most important. The diame-
ter of the wire material should 4mm minimum, the anchor and interconnecting cables should
be chosen to 10mm (strand-wire). Brick filled wire mesh mattress systems should not be
applied as a launching apron.

|




Design Calculations Launching Apron E1

Cable Connected Concrete Blocks
(Articulating mattress)
Design against current

S

”Jm_ |

i’ 0.035 ¢ -K,-K,
g, W {l=-n)AL Ky

Minimum thickness D, >

D, [m] nominal thickness of mattress - system (height of concrete units)
i [m/s]  depth averaged flow velocity
if replaced by uy = 0.6 i (theoretical bottom flow velocity for a
logarithmic velocity profile) a value of K= 1.0 must be applied

n [-] volume of voids between blocks per unit area (typical range: 0.1 <n < 0.3)
B -] relative density of submerged material (p.-py )/ py
z [m/s*]  acceleration due to gravity (= 9.81)
Osc [-] stability factor for current
Ver  [-] critical shear stress parameter
K, [-] turbulence factor
K, [-] depth factor, dependent on the assumed veloeit y profile and the
water depth to equivalent roughness height ratio:
K, =2 {lug{%ﬁ with &, = D, for relatively smooth material

] 2

sin ¥

} neglecting the

SinEyg |

K. (] bank normal slope factor K =v I —(

longitudinal slope of the bank or structure, which is reasonable for
B.D. rivers and a conservative assumption !

o [7] slope angle of bank or structure

[ Lo angle of repose considering the material specific intemal friction
Coefficient Unit  Value Coefficient Unit  Value

Turbulence intensity K, Stability factor dsc

Normal turbulence in rivers [-] 1.0 Continuous Pratection -] 0.50

Non-uniform flow with increased ) Exposed cdges, transitions [[ 1.10

turbulence, mild auter bends [-] 1.5

High turbulence. local distur-

bances, sharp outer bends [-] 2.0

Angle of repose g, Critical shear stress

Geo-textile 'Y 0 parameter i, (Shields) [-] 0.06

Granular [°] 25

Material density p

Conerete p, [ke/m'] 2000
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Design Calculations Launching Apron

Cable Connected Concrete Blocks

{Articulating matiress)

Design against waves

H. 0

Minimum thickness D =

(l=n)A, -w, &, -cosa

; (Ba<3icot@=2)

D, [m] nominal thickness of mattress - system (height of conerete units)
H. [m] significant wave height
n 1-] volume of voids between blocks per unit area (typical range: 0.1 =n < 0.3)
A [-] relative density of submerged material (p,-py )/ Py
dsw (-] stability factor for wave loads
Wy [-] system specific stability upgrading factor
oo 1.25-T,
&, [-] wave similarity parameter  tang - ———="
V5
o [" slope angle of bank or structure
T [5] mean wave period
b [-] wave-structure interaction coefficient, mainly dependent on
roughness and porosity of protective material
Coefficient Unit  Value
Stability factor for incipient . )
motion Guw Il 225
Stability upgrading factor y, k] L8
Interaction Coefficient b [-] 0.67

¥ for blocks only connected 1o a geo-textile the upgrading factor must be reduced oy, = 1.5




Design Calculations Launching Apron E3

Cable Connected Concrete Blocks l

(Articulating matiress)

Supplementary Information/
Specifications/ Construction Details

Supplementary Information

" slope factor K,

Embankment Slope | 1:2.5 I3 =35 1:4 25
Angle 21.87 18.4° 15.9° 147 11.3°

Rip-rap on geo-textile ) 0.385 0.599 0.707 0.820

filter mat (e, = 207)

Rip-rap on granular 0.477 0.6635 0.761 0.820 0.886

filter (g, = 25°)

Specifications and Construction Details

Casting of the concrete units will be carried out on site. Before concreting the cross-wise
cable connections (strand wire) must be placed in position. To enhance the release of the
concrete elements the form work should be conical.

The cables normal to the structure crest must be sufficiently anchored in a trench at the berm
in front of the upper revetment (compare also figure at the top of this pages, the river is on
the right hand side). Steel piles of 80mm diameter, reinforced by additional flanges to in-
crease the pile resistance, with a minimum embedment length of 4m should be utilized for
this purpose (see figure below left). After piling the trench must be filled by adequate mate-
rial like boulders or rip-rap (see figure below right, filling incomplete).

Figure A: Anchor piles with Manges Figure B: Anchor trench partly filled




Design Calculations Revetments (Falling Apron)

F1

C22 &L

B
Cube-shaped Concrete Blocks ]
(Randomly dumped in multi-layer)
Design against current
- _:I —
[
7 . it 0035 ¢ K, K
Minimum Size" p, =% 202 Yuc K, K,
22w, A, K
B [m] size (arris length) of single ce-block
i [m/s]  depth averaged flow velocity
if replaced by u, = 0.6 7 (theoretical bottom flow veloeity for a
logarithmic velocity profile) a value of K, = 1.0 must be applied
An [-] relative density of submerged material (p, - py, )/ pu
z [m/s?]  acceleration due to gravity (= 9.81)
dsc [-] stability factor for current
Ve (-] critical shear stress parameter
K, [-] turbulence factor
Ky [-] depth factor, dependent on the assumed velocity profile and the
water depth to equivalent roughness height ratio:
(120)]" . , . _
K, =2 [Gg’n z with k, = D, for relatively smooth material
|r sin (2 * :
K. -] bank normal slope factor K =V 1 —[ - ] neglecting the
SN E¢
longitudinal slope of the bank or structure, which is reasonable for
B.D. rivers and a conservative assumption !
o [°] slope angle of bank or structure
£ =] angle of repose considering the material specific internal friction
Coefficient Unit  Value Coefficient Unit  Value
Turbulence intensity K, Stability Factor ¢s
Normal turbulence in rivers [-] 1.0 Continuous Protection 1-] 0.75
Non-uniform flow with increased Exposed edges, transitions [-] 1.25
turbulence, mild outer bends [-] 1.5
High turbulence, local distur-
bances, sharp outer bends [-] 2.0
Angle of repose g, Critical shear stress
[ 40 parameter ., (Shields) [-] 0.035
Material density p
Conerete (khoa aggregates) p. [kg/m] 2000
Water p, [ke/m'] 1000 |
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Design Calculations Revetments (Falling Apron) F2 = i
WEEdes

Cube-shaped Concrete Blocks
(Randomly dumped in multi-layer)

Design against waves

H okl
Minimum Size!" D, = — —"é

L (&< 3, cotae=2)
AJU : Wra -@\\H T CUS{I

D, [m] size (arris length) of single ce-block

11 [m] significant wave height

Ay [-] relative density of submerged material (pe- Pw )/ Py

osw [ stability factor for wave loads

W [-] system specific stability upgrading factor

E [-] wave similurity parameter tana %—

o [€] slope angle of bank or structure

it [s] mean wave period

B [-] wave-structure interaction coefficient, mainly dependent on

roughness and porosity of protective material

Coefficient Unit  Value

Stability factor for incipient

muotion Qsw [-] 2.25
Stability upgrading factor y, [-] 1.50
Interaction Coefficient b [-] 067

General remarks:

Following the layout of the standardized revetments, the base level of the falling apron is a
few decimetres above FPL, therefore prevailing wave heights are rather limited due to the
restricted feteh length as compared to high water stages. In addition, the actual wave loads
are reduced. because the outer slope of the rubble structure is quite steep (cot o = 2), so that
a large part of the energy is reflected. Thus, normally wave impacts are not decisive for the
design of falling aprons. Nevertheless, excessive rocking of the individual concrete units
should be avoided. The minimum required dimensions (waye impact) should be compared
with results obtained from design against current loads and should be judged on the back-
ground of storm frequencies, exposure to wave action, ete.




Design Calculations Revetments (Falling Apron)

Cube-shaped Concrete Blocks
(Randomly dumped in multi-layer)

Effective Volume and Dimensions

Required volume of scour protection blanket per metre bank line:

Vea=135-D, JS— Yo Cen

with

Via (m'/m)  Volume of fallin g apron per linear metre protected length

D, (m) block size (1.5 D, is the proposed layer thickness after scouring without voids)

yui  (m) vertical distance between base level of falling apron at time of construction and
deepest point of the expected design scour hole

Cia [-] flow attack coefficient:  1.50 (moderate flow attack)

1.75 (strong flow attack)
Width of the falling apron:

We,= 071010y,

Theoretical thickness of the falling apron (without voids):

dpy= 501085 D,

The actual thickness of the falling apron material during construction is larger, because of
the voids between the individual CC-blocks, The minimum thickness of the falling apron
should be larger than dj,= 3 D,, whereas the maximum thickness is dependent on the con-
struction technique used (manual labour or mechanically placed) and the maximum tolerable
load on the existing sub-soil. To control the quantity of material to be provided for the de-
signed falling apron width Wy, the number of blocks per linear metre of protected length
can be calculated by

A4
e

SLW +1),5m or hase

7 DHW
= level at construction

Situation dur-
ing construc-

Estimated depth
of seour hole
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s S
Cube-shaped Concrete Blocks o .
(Randomly dumped in multi-layer) ' A ' gﬁ

Supplementary Information

Supplementary Information

I It is recommended to apply a minimum block size Dy = 0.3m.

2 slope factor K,

Due to the fact it is implicitly wanted, that individual blocks start to proceed down the
developing scour hole in front of the falling apron, normally no sub-layer is required. The
driving force is mainly gravity induced. After stopping of further erosion due to sufficient
coverage of the scour hole, the protective concrete units must remain Stable under the
prevailing current. To consider this (final) design condition a slope factor of K., = 0.75 is
recommended to be used for the design of the falling apron.

Specifications and Construction Details

It is recommended to durmp the blocks to form a mound, rather than to place the elements in
rows or columns, because it is assumed that the articulation of the falling apron is improved,




Design of Permeable Groyne Structures
Design Scour Depth

Permeable Groynes

Estimate of scour depth and total water
depth at outer groyne end

hy 5 ¥eo

For standardized groynes, the design scour depth is chosen according to the Structure
Class. If a classification is not clearly possible, the scour depth at the outer end of the
groyne can be estimated according to the following procedure.

Step 1 K Design Water Levels ‘I

I L Maps, monitoring data |
Step 2 I Design Cross-Section ‘I & or

U [ Regime equations ‘
Step 3 L Design Water Depth 7 undisturbed, without scour
Step 4 L Desi i ' C:’ Monitoring data or

esugnﬂaloc i regime equations

Step 5 [ Design Scour Depth | different scour types and

ﬂ tntal sronr
Step 6 | Total Water Depth
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Design of Permeable Groyne Structures
Design Scour Depth G2

: kel o A

. Ref. to GUIDE
Embankment DWL
=== SLW

onginal riverbed

design riverbed

S drata i e Z 7 e e > i
Step 1: Design Water Levels e L af. to GUIDE
Standard Low Waler sLw 0.00 |m SLW  refershce water Bvel
Design Walter Level DWL + 7,70 |m SLW 25 years ralurm pencd Sec 423
Flood plain level FPL +4,80 |m SLW
Step 2: Design Cross-Section - e 0 RefGUIDE
LCanne! width at bankful discharge B, 500 [m inflerced width Sec.o441/4432 (@)
Channel Area Auy 4350 fm related 1o DWL Sec 441
Averaged water depth of channel i B0 [m related to DWL Eg 444
Relative bend radius 1B 2.50 |- assume 2.5 as first-approach Eq. 4.4-5
P o Ny s e
Ws-MQNWEWMQ?&M i S S o
Water depth at thalwen of nver bend hy 18,01 |m rfated to DWL Eqg 4.4-6
o 15,11 |m related o FPL asEq. 444
Water depth al ouler end of groyne hy 18,01 [m fur river bends assume h, = hy Sec 4.4.5(c)
- —— 5 s ” : P
Step 4: Design Velocity _ : . Ref, to GUIDE
Upstream depth averaged low velocity Ly mis from moritarng data or Sec. 44.5 ()
according fo Structure Class Tabie 2.3-1

If no sufficient or reliable data is available, the design velocity may be estimated through regime equations as follows.

Channegl discharge Qn 9 675|ms frors gl eguanons Eq. 44-3
Cross-sectional averaged flow velooty U 222 |mis Eq 451
Depth-averaged velocity in the thalweg g 3,20 |mis Eq 452
Upstream depth averaged flow velpcity iy 3,20 |mils for rver bends assume u =y Sec 44 &ic)
Cntical velocity for sediment mation Ly 1,00 jmis shalw=0.40V5: deep=1.0m/'s Sec 455
Step 5: Design Scour e o e ] Ref. fo GUIDE
Ermpirical cosfficient far permeability K 1,80 |8" I 1.2 (80%) 10 2.0 (50%) Tab 4.4-1
Empirical coefficient for bed protection K 1,10 (- non=1.0; with=1.1 Tah 4.4-1
Empinical coefficient for fluating debiris Kin 1,00 |- non=t 0 <tm=1.2 >tm=1.3 Tan '4.4-1
Potrusian lenght of total groyne B 150,00 jm e Surod from bank b Fig 4 4-f
Local scour depth Yo toca 6,00 |m Eq. 44:12
Bend scour depth ¥, bert 12,61 [m Eg 4.4-8
Canlluence scour depth ¥ ot 0,00 |m Eq. 4:4-10
Total design scour ¥e o 972 |m refatid 1o thatweg Eq. 4.:4:14(3}
‘Step 6: Tolal Water Depth. : e Ref. o GUIDE

Total water depih RoYan 27,73 |m ralated to DWL




Design of Permeable Groyne Structures

General Groyne Layout

Permeable Groynes

Dimensioning of groyne length and per-
meability

L(_;;P

lowing pages.

:

Step 1 | Design Water Levels [

I

Step 2 ‘ Design Cross-Section T (::!

U

Step 3 I Design Water Depth ‘

choose
Structure Class

not clear

=

l
Step 4 L Design Scour Depth , <::I

|

Step 5 I Groyne Length

[

Step 6 1 Groyne Layout

The dimensioning is being carried out in 6 steps, which are explained in detail on the fol-

| Maps, monitoring data

or

I Regime equations

at outer groyne end

Separate Design Plate
Design Scour

Permeability for individual
groyne sections

Separate Design Plate
Groyne Piles

continue with




Design of Permeable Groyne Structures [EHH u ﬂ ﬂ

General Groyne Layout H2 Il .
Ul 4l
Design Sketch = Fan
Embankmanl i
FPL IS L PwL
v
¢ SLW
Tue protection for undisturbed
main embankment rivarbed al
* thalweg
! ¥
I Yea
LRI S,
Design bed profile
[
AL ALy, Alp
*.
Saction 1 Sechion 2 Section 3 Saction 4
—————— }‘4——»\(— — )‘4— —
P25 xle 0.25% Lg 025xLs 0.25% L
recommendad Ly
Step 1: Design Water Levels giaens s SR 7 mel. W GUIDELINES
Standard Low Waler SLw 0,00 |m SLW reference watar ievel
Diesign Water Level DWL +7.70 |m SLW 25 years ralum perod Sec. 4:23
Flood plain level FPL + 4,80 |m SLW
Step 2: Design Cr N W . Rel1oGUIDELINES
Carinel width at bankful discharge Ber 500 |m afluenced width Sec d4.1/442(a)
Channel Area Ay 4350 |m rodated to OWL Saci 441
Averaged water deplh of channal N, 8,70 |m refated fo OWL g 444
Relative bend radius r/Ban 250 |- assurtio 2.5:as frst appreach Eq 4.4-5
Step 3 DesnWatrDepth B s e . Ref. o GUIDELINES
Water depth at Ihalweg of river bend g 18,01 {m related lo DWL Eqg 4.4-6
h'y 15,11 |m redated la FPL asEqg #a-4
Step 4: Design Scour Depth . RelWGUDELINES
Taotal waler depth hot --m related 1o WL
according lo Slucture Class (5C) Tabke 2.3:1
of astimale decording (o separate desgn plate
“Pesgn Scour Depth™
Tetal design scour depth Ye m >=(m
If & classification is not clearly possible, the scour depth gan be estimated according to Eg. 4.4-12
A separate design plate has bean preparad for this
L




Design of Permeable Groyne Structures

General Groyne Layout H3
Step 5: Groyne Length : e " Rel, to GUIDELINES
Safety margin to embankment toe al 20,00 |m mitt 10 m Sec. 621
Bed siope towards bank n 5,00 |- 0 =5 fo 7 for sandy ted Sec, 621
Angle of oblique llow approach (2] 30,00 |degree  15% v 45" Sec. 6.21
Angle of flow separation ) 15,00 |degree  estimate 15° and apprave &t (Eq, 6.2-4)
Length of local scour Iy 27,98 |m =4, Eq: 6,2-1, remarks
Length of assumed nalural slope Al 111,00 |m =n'tha+y il sea Fig. above
Safety margin for sbiique tlow attague Al 14.00 fm =121, “tan (fi+ 8} see Fig. abiove
Total length of groyne recommended  Lg 145,00 |m =ALS AL+ AL, Eq 6.2-1

max Ly 200,00 Im =048, Eq. 6:2-2

design length  Lg 145,00 |m choase amongs! recommended L 5 and max L g
Stp6iGromelayodt o Ruoaunelnes
Chainage Section Permeability
Number Length
4 [ [m] %]
Ch. 0.00
0.00 to 0.25 Ly 1 36,25 50% Table 6:1-2
0.25100.501 2 36,25 60 Tabis 6:1-2
0.50 10 0.75 Ly 5| 36,25 T0% Table 6.1.2
0,75 to 1.00 Ly 4 36,25 80% Table 6.1-2
Ch, End '
Total length: 145,00 m




Design of Permeable Groyne Structures
Pile Design

Permeable Groynes

Estimate of embedment length and pile
dimensions

tes Dt Gt e

The pile design comprises the caleulation of the required embedment length t, for the in-
dividual piles as well as the determination of the main pile dimensions, that is the pile di-
ameter D. the wall thickness t (for steel piles) and the reinforcement content p (for con-
crete piles).

The embedment length is caleulated according to a modified approach of BLUM taking
into account the effect of spatial earth pressure. This approach requires intensive computa-
tions, wherefore design graphs have been prepared, which can be used for the preliminary
pile design. These graphs are presented at the end of this plate. Beside the embedment
length, also the main pile dimensions can be read from these graphs,

In order to ease the pile design. the following assumptions have been made for the elabo-
ration of the design graphs:

A design wave height of 1.0 m has been assumed, corresponding to the observed wave
heights at the Jamuna (wave period = 3.5 5). Similarly, a Im thick layer of floating debris
was assumed. Both loads have been evaluated, but only the more unfavourable one entered
into the design graphs.

No ship impact and no earthquake loads were considered, as these are exceptional loads
which are contradictory to the idea of standardized structures, where certain damages to the
structures under very unfavourable conditions are tolerable with regard 1o an economic de-
sign. To prevent ship impact, the outer groyne piles should be marked with a navi gation
sign.

The permeability of the groyne was uniformly set to 50%, corresponding to the minimum
recommended value.

A sandy, non-cohesive soil with typical characteristics of the Jamuna river bed was as-
sumed (y’=10kN/m*, ¢*=35" and ¢, =0kN/m?).

The caleulation of the embedment length I;: was done according to EAU 1990, restricting
the minimum embedment length to t. = 5,0 m,
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Design of Permeable Groyne Structures ﬁqn H ﬂ H
Pile Design 12 il H

The steel pile dimensions have been camputed on the basis of a steel grade S 235 IR (yield
stress 240 N/mm?). To prevent buckling of the steel piles and stability problems during pile
installation, the wall thickness of the tubular steel piles has been set to be at least 1/100 of
the respective pile diameter.

The design of concrete piles was done according to Eurocode 2 with safety factor y=1.0
for the loads. Concrete Class B35, DIN 1045, has 10 be specified for pile construction.
However, for design purpose only Class B 25 with a strength of fip = 25 N/mm® has been
considered in the calculations to give consideration to executional deficiencies during in-
situ pile construction below ground water level. A reinforcing  steel Grade 60
(I, — 414 N/mm?) has been considered for the design graphs. The maximum percentage of
reinforcement should not exceed about 2 %o of the pile’s cross-section in order o guarantce
sufficient flow of concrete around the steel bars during concreting.

The main steps of the pile design procedure are shown in the following graph. The single
steps are explained in detail on the following page. The design graphs for steel and con-
crete piles are presented at the end of this plate.

Start

[

N water depths and flow velocities for
e 1 l Design Parameters individual groyne sections

Step 2 ‘ Pile Design

Embedment length, pile diameter, wall
thickness, reinforcement content

No
Standard ,:>‘ Individual Design 1|:'>{ End ]

Concrete Piles

L

Design
Graph
2b

Steel Piles

Design
Graph
2a




Design of Permeable Groyne Structures
Pile Design

Total water depth at outer groyne pile

Poets o ITI

-

Upstream depth averaged flow velocity

Embankment )
FPL DWL
. v
lmw L 1
S SLwW
\ L s
™ [
“""""'--.
- ) Sy
S5 Yod
=3 n = Y
Design bed profile
AL A
<> th"’)
0Bl oo B#L 0Ly |, 0251s
Secton1 | Section2 | Section 3 | Section 4
L s ]
“< >
Design Water Lavel owL m SLW 25 years ratum perod Sec. 4.2.3

related fo DWL
according io Siructure Class (SC)
ar from design plale: Desgr Scour Degth™

al the culer grayne pils

obtan from mondaring data

or accordeig to Structure Class (SC)

or fram design plate "Desgn Scour Depth”

Groyne Section Water Depth Flow Veloci
Chainage Upstream Watar Reduction Factor Upstream
Depth for Plles Velocity
according to Design
Bed Profile relaled
o DWL
] m - [mis]
Tah 6.1-2 Fig, 6.2-1 Fig. 6.3-2 =, x Faclor
Ch. 0.00
00010 0.25 Ls 6,15 0.50 1,00
025 (0 050 Ly 13,40 0,75 1.50
0.501t00.75 Ly 20,65 1,00 2,00
0,75 10.1.00 L 25,00 1.00: 2,00
Ch. End

Table 23-1

Sec, 44 5 (¢

Table 2.3-1
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?\j Design of Permeable Groyne Structures

Pile Design

Step 2a: Desian of Steel Piles Ref, o GUIDELINES
Design Assumptions for Design Graph
Design Wave Height H 1,00 |m Section 6.3.2 +4.24
Panod T 350 |s
Fleating Debris Thickness M 1.00 |m Section 6.3.3+ 461
Ship Impact not considared Saction 4.6.2
Earthquake not considered Section 4.6.3
Groyne Parmeability P 50 [%
Soil Charactenstics Weight s 10,00 |kN/m?
Friction Angle 0 as)"
Canesion c 0 |kNm*
Equivalent Roughness of Bed Matenial ks 0,10 [m Section 6.3.1
Steel Grade S 235 R
Definition Sketch
|-
—--1 D |---—
DWL - » pile
v =
nver bed
w = d (including seour)
Design Graph
Plie embedment Steel Piles
length L. [m] nupstusam
s _ : i :-e:lnc.r\r
1" 4,00 ms
17 mis
14 3 50mie
/‘I A28 ms
L] - _/;—— 300 mis
— = Sl
S 121921127 _—
- 250 ms
_eegie— __— o
7 7112 .\‘ 10 --'""i;./’/‘i 200 s
// 175 ik
gl N
150 min

min embedment length =50 m

0.0

walter depth d, fm|
(Upstream depth ncluding scour]

250




Design of Permeable Groyne Structures
Pile Design

Design Assumptions for Design Graph

Design Wave Height H 1.00 |m Section 6.3,2+4.24
Pariod T 350 |s
Fleating Detins Thickness  ha 1.00 |m Section 6.33+ 461
Ship Impact naol considered Section 4 6.2
Earthguake not considersd Section 4.6.3
Groyne Parmeabllity P 50 |
Soll Characteristics Weight ¥ 10,00 |kN/m?
Friction Arjgls M 35|
Cohesion ¢ 0 JkN/m*
Equivalent Roughness of Bed Material ks 0,10 |m Section 6:3.1
Concrate Grade C 20/25
Reinforcement Steel Grade 5005
Definition Sketch
W O
—-I D |-¢-— ‘
DWL e
h 4
rivar hed
w = a: {inciuding scour)
t,
Design Graph
Pile ambedment Concrete Piles upstream flow velocity U,
length t. [m
gt ! [_I 3.75 mis 3.50 mis
minimax | 2,00 % 325mis
| | min/max I v p . - "
4 200% i i § | 3.00mis
: - - .
::‘"‘J: ks 11 L 275mis
8 o f /”// . E : 2.50 mis
i ,/4//-"///:'/’// 914+ 225ms
—— + 1.75mis
R .-——"jl ii ﬁ 1.50mis
I 149%
| Zp0%

158 2000

water depth d, [m]
(upstream depth including scour)
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