Performance review of Jamuna Bridge River Trainvigrks 1997-2009

Gerrit J. Klaassen
Independent Consulting Engineer, Vollenhove, The Netherlands, Email: g.j.klaassen@hetnet.nl

Hans van Duivendijk
Consulting Engineer & Former Project-Director Royal Haskoning, Nijmegen, The Netherlands, Email:
jvanduiv@xs4all.nl

Mamin H. Sarker
Deputy Executive Director, CEGIS, Dhaka, Bangladesh, Email: msarker @cegisbd.com

ABSTRACT: Recently a review was made of the performance @fJdmuna Bridge River Training Worl
(RTW) .crossing the braided Brahmaputra River im@adesh. The RTW are functioning since 1997. The
review was carried out to identify any improvementsch could possibly be made both in the desigiper
and in the supporting studies for forthcoming beigigojects. In the review period of 13 years, ti&\Rwere

not fully tested, as during none of the years \hmasdesign discharge approached or was the upstieanmel
pattern characterized by extreme outflanking. Aligio the yearly maintenance required until 2009nigh
average only 0.13% of the capital costs of the REW, some unexpected phenomena were observed. The
design scour depths were exceeded substantiallys@wur holes of almost 45 m below average flovdlte
were observed. The scour occurs during outflankimdy additional studies are needed to understanchilse
and possible remedies. Locally substantial shifahthe rock of the slope protection is observedying the
underlying geotextile exposed. Regular inspectiwh maintenance as specified is needed to keepThi¢ iR
optimal condition.

1 INTRODUCTION

In Bangladesh only one bridge over the Jamuna Riv-
er (the local name of the mighty Brahmaputra River)
connects the Eastern and Western part of the gountr
(Figure 1). This Jamuna Multipurpose Bridge (JMB,

sometimes called Bangabandhu Bridge) was con-
structed in the period 1994-1998. The river tragnin

works (hereafter referred to as RTW), an integral
and essential part of the bridge, have as main pur
pose to ensure that the 10-20 km wide Jamuna Rive
(local name of the Brahmaputra River) passes unde
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the bridge with a total span of 4.8 km only. The de \
sign of the RTW was done in the period 1987-1990
but was adjusted prior to and during the construc-_
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igure 1: Location of Jamuna Bridge and of propd3adma

tion. The RTW were already completed by mid F o
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1997 and since then served their purpose and have

required limited maintenance. Furthermore the different studies (mathematical and

Recently it was decided to construct a seconflsical model studies and otherwise) carried out t
bridge connecting the two parts of the countrys thi g, 501t the design should be reviewed as welln to |
time over the Padma River (see Figure 1), Wh'cﬁ‘]indsight assess their relevance.

carries the combined flow of the Brahmaputra and fance the consulting firm in charge of the de-

the Ganges Rivers. Within the framework of the dejjeq design of RTW for the Padma Bridge (NHC,
sign of this second bridge, BBA (Bangladesh Bridgey gt \west Hydraulic Consultants, Canada) invited
Authority) considered it appropriate to review they, tormer NEDECO staff members to carry out
performance of the Jamuna Brdige RTW. Specificalyyis review. One (the second author of this paper)
ly this review should deal with the designs intigh 45 on behalf of Royal Haskoning Project Manager
the design rules applied and the performance of thase || design and Dy. Project Director for con-
RTW in the period since 1997, but also it should adgyction supervision of Jamuna Bridge RTW and
dress the design boundary conditions used. the other (the first author) was on behalf of



WL/Delft Hydraulics Senior Morphologist and behaviour during various circumstances with and
Modelling Expert in charge of the supporting modelwithout river training works, study of bank protec-
studies, the remote sensing study and special sufen systems, geotechnical investigations, a \sit
veys. constructed river engineering works and hydraulic

The present paper summarizes the findings of thisiodelling centres in India, etc. subsequent a study
review, giving due attention to the performance ofof relevant literature on the design of river tragn
the structures and the support provided by modetlorks for bridges from India (Garg et al, 1970;
studies. A more elaborate report presenting muchoglekar, 1971).
more information, including a number of recom-
mendations for the design, construction and maintet990 RTW design
nance of similar bridges over large braided rivers
and the related modeling support, is availabld=rom a river engineering perspective key issues to
(MAUNSELL & AECOM, 2010, Annex F). address in the design of the RTW were the overall

Before the design of the RTW of the Jamundayout of the river training works, the length and
bridge is discussed, it is appropriate to summarizelopes of the guide bunds and the maximum scour
here the main characteristics of the Jamuna Rineer t depth.
bridge is crossing. The Jamuna River is a veryelarg While designing the overall layout use was made
braided river with discharges varying between 4,000f existing ‘natural’ hard points (near the seldcte
and 65,000 m3/s and more, a slope of about Bridge corridor): at the west bank this was thentow
cm/km, fine sand as bed materials¢Cabout 0.2 protection of Sirajganj while a bank with slightly
mm), a total width of 10 to 20 km, 2 to 3 channelsmore clay content at the east bank at Bhuapur, more
per cross-section and a bed material load of abowtr less opposite Sirajganj, had always resisted ero
200 million tons/year. Local floodplain level is sion in the past. Thus, both ‘hard points’ localls
about PWD + 12 m, where PWD is the local referfined the edge of the braid belt. It was decided to
ence level approximately corresponding to mean seaake use of this situation through the incorporatio
level. For more information on the Jamuna Riverof both hard points into the river training works
and its characteristics see Coleman (1969), Klaass¢RTW) concept and by locating the guide bunds
et al (1988) and Klaassen & Vermeer (1988asome 5 to 10km south of these hard points.
1988Db). In planform the guide bunds look like banana-

shaped structures. Their function is two-fold: they
protect the bridge abutments (approach viaducts,
2 DESIGN RTW AND SUPPORTING STUDIES ramps) against current attack and they prevent out-
flanking of the bridge. In addition, they also it
General the flood-free areas behind the guide bunds re-
claimed by using the sand dredged from the trenches
During an early stage of the studies for the Jamunia which the guide bunds were built. These trenches
Bridge it had already become clear that design an@ere necessary to construct the underwater pratecte
construction of a bridge across the Jamuna wouldlopes of the guide bunds.
require ‘state of the art’ technology such as pbaba Using the results of a theoretical study (Klaassen
istic design methods, advanced mathematical mode& van Zanten, 1989), a study of satellite imageny f
ling, latest design formulae and concepts in nearinthe period 1973-1987 supplemented with old maps
works and offshore structures and, last but nattJea plus an additional physical model study in a tdtin
modern sophisticated construction techniques dascility a formula was developed relating the up-
practised by large international construction conso stream length of guide bund to distance between
tia operating large modern equipment. It was alssouth end of hard point and north end of guide bund
clear that appropriately designed guide bunds shoubDesigning the guide bunds according to this formula
play a key role in the design of the River trainingis expected to prevent outflanking of the bridgee T
Works. river would be narrowed to about 5 km in between

The application of such ‘state of the art’ technolo the guide bunds, as only a bridge of limited length
gy was, however, not encouraged by the limitedi.e. ‘limited’ in relation to width of the floodlgin)
knowledge on and understanding of the behaviour afrould provide an economically feasible solution.
braiding rivers in general, and on the Jamuna RiveFhe supporting studies resulted in guide bunds much
in particular. Also the complicated and dynamicshorter than recommended by Indian standards
field conditions, in which such a major project(Joglekar, 1971). For the 1990 RTW layout see Fig-
would have to be built, had to be taken into actoun ure 2.

This was compensated by spending ample time Though extreme scour could well reach values of
and resources on supporting studies like remoté3m below average flood level, it was considered
sensing studies, hydrologic and morphological studimpractical to extend the slope protection to such
ies, physical and mathematical modelling of riverdepth. First of all, no dredgers would be able to



dredge to such depth (which would limit competition |
at tender stage), secondly, it would be very costl "
because of the huge volumes of sand to be dredg: ‘"
and thirdly, too much time would be needed for the| /"
dredging. It was ultimately decided to dredge to c%‘
depth of 28m below maximum water level during -/ |/
the construction, i.e. to PWD -18m and to provide ¢|.' |
so-called falling apron of rock at the toe of thepse A
to cater for deeper scour. This still meant thai-co |
siderable volumes of sand had to be dredged (2 |
million m3 or more). Based on soil investigations | '~

and subsequent laboratory testing it was conclude \ T '
that a statically stable slope could be dredged; pr |

tected and maintained at a gradient of 1H:3.5V anu

in 1990 this gradient was selected for the guidedbu

slopes. Details on the 1990 design of the RTW ca

be found in RPT et al (1990a).
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rIiigure 2: Position and layout Jamuna Bridge RTWO0188sign

Supporting studies

As already mentioned above a
substantial number of support-
ing studies were carried out.
Figure 3 provides an overview
of these studies with an indi-
cation of which results were
obtained and how these were
used for the design of the
RTW. In particular the exten-
sive use of satellite imagery
and the overall mobile bed
and bank model were new.
More information on the
overall bank and bed model,
its possibilities and its limita-
tions and the results obtained
are given in Klaassen (1990;
1992). For more details on all
supporting studies see RPT et
al (1990b). During the review
described in this paper the re-
sults obtained while these
studies were carried out were
compared to the observations
in the field.

Figure 3: Supporting studies for lay-
out and design of slope protection of
the Jamuna Bridge RTW (for more
details see RPT et al, 1990b)

(Note that soil mechanical studies
are not included in this overvigw



section and on the levels of the different types of
slope protection and the falling apron are preskente
The construction of the RTW started only in 1993.in Figure 5 and Table 1.

Changes of design prior to and during construction

At that time it was found that due to the delaythia

start of the construction adaptations of the 1980 d
sign was needed because of (i) erosion of riv
banks resulting in changed banklines and anoth
site configuration; (ii) major shifting of main a&h-

nels; (iii) increased flow through secondary chasne
other than the main fairway; (iv) discovery during
construction of sub-soil conditions not known & th
time of design. This meant that the design of botkj
guide bunds and the Bhuapur hard point had to b
adapted as regard location, plan form and cros
section. The need for changes, the changed desi
and the construction of the RTW is extensively de
scribed in Duivendijk (1997), Oostinga & Daemen

(1997) and Tappln et al (1998) and hereafter onIy a Figure 4: Revised Iayout ofJamuna Brldge gwdaadsms

summary is given. More detailed information is
available in RPT et al (1996a through 1996d)
The change in layout of the RTW was on the one¢

built

+12.8m SHW
v

hand due to channel shifting and on the othernd la &
acquisition constraints. In the period 1987-1992 th
outer banks of the braided system at the propose
bridge axis moved 1 km to the east, and 1.5 km to
the west respectively. This completely distorted th
idea of having a 5km long bridge with guide bunds
built in the flood plains at both sides. Becausé¢hef
expected additional costs it was decided to coatstru

SRR
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char level

Disposal of
surplus sand
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Figure 5: Typical cross-section Jamuna Bridge RTW

(after launching of falling apron)

Table 1: Characteristics of slope protection ofigubunds

one of the guide bunds on a mid-river char (localstructur{ Aspect | Levels & struc- | Characteristics
name for sand bank. The layout of the RTW as conl ele- tural parts
structed is shown in Figure 4. It can be noticeat th | ment
the guide bund system is not in the middle of theOpen |Levels & |Upper level PWD +15.70 m
braid belt anymore and the guide bunds are not opstone | slope Lower level PWD +10m
posite each other but slightly shifted. The upstrea |asphalt Slope 1Vto35H
length of the guide bunds was 2.2 km for the EGB Thickness 0.15m
(East Guide Bund) and 2.1 km for the WGB (West Underlying filter | Geotextile
Guide Bund). Rock Levels & | Upper level PWD +10m

The required change in cross section was due t§lope |slope Lower level PWD - 15.00 m
difficulties encountered during construction of thej Protect- Slope 1Vto SH
west guide bund. During and after dredging the sojlion (> PWD - 4m);
was found to be very sensitive to slight dynamé di 1V to 6 H (lower)
turbances. This implied that a slope dredged to ja Compos- | Cover layer Broken rock
gradient of 1V in 3.5H (as designed) could easdy b ition Stone size 0.25-0.30m
subjected to a flow slide due to liquefaction. As t Thickness cover | Minimum 0.5 m
time to construct one whole guide bund was limited layer In practice 0.65m
(6.5 months) and repeated flow slides adjacent to Underlying filter | Geotextile with
sections already completed would seriously jeopard- bamboo frame
ise the ultimate quality of the slope protection In-between layer| Boulders
works, it was decided (RPT et al, 1996a through Stone size 0.05-0.10 m
1996d), to apply a more gentle gradient. Down to Thickness min 0.10 m
PWD-4m the gradient would be 1V in 5H, while at|{Faling [Levels, |Apronsetting |PWD —15.00 m
deeper levels the gradient would be 1V in 6H. apron |dimen- |level

More gentle slopes decrease the depth of the local sions & | width 15m
scour. This led to the adoption of a higher leviel o compos- | Cover layer Broken rock
the falling apron (PWD.-15m instead of PWD - ition Stone size 023-037m
18m). In the bridge corridor the PWD -18m level Quantity 35 W m

was maintained. Some details on the adapted cross-




3 TESTING OF DESIGN BOUNDARY + Average flood 65,000 s PWD +13.66 m
CONDITIONS . 1:10 year flood 76,000%s PWD + 14.29 m
. . - 1:100 year flood 91,000 s PWD + 15.08 m
For the design of the different structures of tle\R A summary of the hydrological information in the
assumptions were made as to the design boundaggriod after construction of Jamuna Bridge is pro-
conditions. Usually typical boundary conditions foryided in Figure 5, which gives maximum and mini-
bank protection structures are maximum water levmum stages at the EGB for each hydrological year
els, maximum scour levels, flow velocities and soil\which in Bangladesh runs from 1 April through 31
data. In this particular case of guide bunds amd ha March). Except for the 1998 flood, in the period
points as part of the RTW for JMB some additionakince 1997 the maximum flood level was always be-
assumptions were made to arrive at the design @bw the 1:10 year flood and in many years even the

these structures, notably maximum outflanking upaverage flood conditions were not reached.
stream and the type of attack which the structures

might experience. This is important in this case be|

.. ¢ Maximum <O Minimum
cause the upstream conditions were not fully con - = = Average flood level 11100 year flood
trolled and the river still has a considerable degyf 2
freedom left.

=
(%))

In this Chapter the focus will be on the conditions
as experienced during the post-construction perio
(1997 - 2009) in relation to the assumed boundar
conditions as used for the design (1990) and the re¢
design (1994 - 1996). In this Chapter only the mos
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important design boundary conditions are consid 1995 2000 2005 2010
ered, notably (i) predicted and observed planformsg Year

(i) attack on RTW and bridge piles; and (iii)) scou  Figure 6: Yearly maximum and minimum stages at BEGB
depths. For the other design boundary conditioas se period after construction of Jamuna Bridge

MAUNSELL & AECOM (2010). A complicating

factor is the fact that the design was done using Also the river planform near the bridge in the pe-
probabilistic design methods, hence most values faiod 1997 — 2009 was studied. Satellite images were
design boundary conditions were given with an asanalyzed as to the attack on the guide bunds.rn pa
sociated probability of occurrence, making it moreticular outflanking was studied, because outflagkin
difficult to decide whether in a particular case th was responsible for the deepest scour. Whether out-
assumed design boundary conditions are conforrlanking is important and could cause a threaht t
with the observations or whether there is a signifiRTW is probably determined by two aspects:

cant difference which cannot be attributed to tioe s « the importance of the outflanking channel ex-
chastic nature of the phenomenon. The comparison pressed in its relative contribution to the totiat d
between assumed boundary condition and the Charge of the Jamuna River during flood;

boundary conditions which have occurred since the extent of outflanking defined as the distance
1997 is preceded by a short description of the “at- petyeen the maximum bank erosion and line cor-
tack” of the river on the RTW structures, loosely responding to the direction of the guide bund.

called "the river regime”. Figure 7 compares for the WGB the conditions in
the river since the construction of the RTW witk th

River regime since construction results of the overall mobile bed and bank model.

In a very dynamic river like the braided Jamuna
River the "attack” of the river is determined by at Outflanking WGB
least two factors, notably (i) the fluctuating ¢t

discharge and (ii)) the continuously changing
planform of the river. A serious attack does nat-ne
essarily occur during extreme flood conditions, but
may be a combination of an unfavourable river
planform combined with a not too high flood. This

100 T

75 +

L ¢ WB channel
50 o

. o Model
LR

*00

25 +

Relative discharge (-)

aspect has been duly incorporated in the design ¢ NS
the JMB by applying probabilistic design methods. 0 0.25 05 0.75
So when discussing the river regime which is Relative outflaking ()

fgggg%&gu;g?gr:]heete?tstaﬁ;vbey ;[ergvears(s)gstgee dR-\W\;’telFigure 7: Observed relative discharge and relatiuéank-

levels at the bridge site corresponding to charimete "9 I period 1997-2009 for the WGB compared toaoba-
tics floods are: tions in the overall mobile bed and bank model



For the WGB until now the prototype conditions
have always been less severe than in the overall
model. A similar conclusion applies for the EGB. -

Considering now both the yearly flood discharge
and the yearly river planform in conjunction, it-ap
pears that in the period since the completion ef th
RTW in 1997 no serious combination of an unfa-
vourable planform and an extreme flood has oc-
curred. Also the outflanking has not been excessive
So the RTW have not been put seriously at test untj
now. In the future more serious river attack might
occur.

Comparison predicted and observed planforms

The main purpose of the overall mobile bed and

ture the guide bunds seem to attract the channels.
In the model this was less pronounced.

In the model it was often observed that the two
main channels formed a major confluence within
the reach between the guide bunds where the
bridge piers were present. In nature such a major
confluence of the two major channels flowing
along the guide bunds happens only more down-
stream of the guide bunds.

In nature an oblique channel attacking the more
downstream part of the guide bund occurs only
occasionally. In the later years, such an attack wa
always due to a small channel and often combined
with a confluence with the channel flowing paral-
lel to the guide bund with minor confluence scour.

bank model was to study the interaction between the In the model substantial outflanking did occur. In

braided Jamuna River and the RTW. The scale mod-

el was only a simplified representation of the real

nature such extreme outflanking has not been ob-
served, apart from the small channel upstream of

river, because building a scale model at reduced the EGB.

scale is always subject to scale effects.

Summarizing it can be stated that, although there

Figure 8 presents planform observations in thés some similarity between the conditions found in
model together with some satellite images from d@he model and in nature, in particular the occureen
few years. The following observations can be made:of two channels parallel to the guide bunds seem to
- After some initial years with one central channelbe more pronounced than in the model. Hence also

the conditions in nature are characterised by twaheir confluence is not near the bridge piere botem

channels flowing next to the guide bunds; in nadownstream, which alleviates the conditions for the
bridge piers in the middle of the bridge opening.

(e) (4

(a) Overall mobile bed and bank model

IRSH

%LV d
IRSPS LISSIll Image, Jamuna River % o
24 February 2002

13 February 2009

(b) Satellite images

Figure 8: Comparison of planforms from model andlaserved in nature



Attack on guide bunds, approach roads and bridge ture is two channels running parallel along thedgui

piers bunds. The conclusion is that near the bridge a mi-
nor confluence and associated scour might be pre-

The results of the overall mobile bed and bank modsent but probably with less deep scour than antici-

el were used to develop scenario’s as to posstble &yated during the design of the bridge piers.
tack of the river on the RTW, the approach roads

and the bridge piles. In view of the possible s&ie peggn scour depths
fects also satellite images were used to study $end

and curvatures in the prototype. Extreme scour is a typical feature of the Jamuna:

From observations in the overall model threeyy e pranches flow in thick, loosely packed, alalv
types of attack on the guide bunds were identifiedignositions of, predominantly silty sand. The ulti-

(Klaassen, 1992), notably (blique attack, for e scour is the result of the combination of the
which it was supposed that it could happen anygitterent types of scour (see Breusers & Raudkivi,
where along the total length of the guide bung, (il 1991) | gcal scour seems to be dominant over all
frontal attack; and (iii) attack by an outflanking  oiher forms of scour; however it should be realised

channel. ) , that the local scour is a function of the "initidépth,
The following observations can be made based 0fjhich in turn is a function of scour in an outene
the observed attacks on the basis of satellite @ag 54 constriction scour.

in the period since 1997: _ _ _ The scour to be expected along a guide bund was

- oblique attack occurred in particular in the first .o <iqered to be of the order of 40 m. relativéht
years; later it became less pronounced; level of the flood plain (PWD + 12 m). But, in orde

- frontal attack is quite common over the [ast 10 4 |imit construction costs probabilistic designtme

years or so, _ ods were used to determine maximum permissible
- attack by an outflanking channel has occurred durgq depths for which the design would be made.

ing some years but both the extent of outflanking the result is shown in Table 2 for a slope of

and the relative importance of the outflanking — 1\.:3 5. The first two columns are copied from the
channel has been smaller than anticipated during 4 9gg design report (RPT et al, 1990a). The next two

the design. columns have been added using a method to deter-

The possible attack on the approach roads hagine the probability of exceedance in a certain pe-
been an important criterion for the determinatidén Oriod (see Jansen et al, 1979 or TAC, 2001).

the upstream length of the guide bunds. From the
overall model investigation and the additional $tud = tpje 2: Design scour depth guide bunds for 1V: ke

carried out, a cutoff criterion was identified (ofit Scour level Probability of exceedance per year
ratio A never larger than 1.7) which allowed to de- (n+pwb) | Peryear ()] During life | In 10 years (%
velop a design methodology for the minimum up- time of 100

stream length of the guide bund. Because outflank- years (%)

ing has been minor since 1997, also an attacken th - 2¢ 0.05( o¢ 4C
bridge approach roads has been absent. Hence it/ is - 30 0.023 90 21
not possible to check whether this cutoff criterisn ) 2421 8:88? ig g

appropriate.

For the design of the pier length an estimate Was The actual slope under which the guide bunds were
made of the maximum scour depths based on & Corgpnstructed is however 1V:5H and 1V:6H. Hence it
bination of constriction scour, confluence scoud an was attempted to estimate this reduction in local
local scour around the piers. The inclusion of conscour. Although the results are not conclusiverst fi
fluence scour in the scour assessment, was based egtimate of the reduction in local scour is in dnger
observations in the overall model. of 5 m. In that case scour levels of about PWD A29

During the review it was attempted to comparewould probably have the same probability of
the model results with satellite imagery and fiebd ~ exceedance as assigned in Table 2 for a scour depth
servations. Before already some remarks were madd/VD — 34 m. _
on the occurrence (or rather absence) of a conflu- In the period 1997-2009 regular soundings of the
ence near the bridge piers between the guide bundiEour depths were done with echosounding equip-
Apart from the satellite images more detailed infor MeNt and proper positioning methods. When needed
mation is available from three bathymetric low-flow tN€ soundings were done very frequently (every few

surveys carried out by IWM (Institute for Water days) and detailed (every 20 m). These soundings

Modelling). Inspection of these bathymetric surve an be used to evaluate the actual scour depths ob-
g). Inspect y YSserved. Some results are presented in the Figures 9
supported the earlier statement that the overal pi and 10. See also Marga-Net (2006).



Water Level vs Scour Level at Jamuna Bridge
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Figure 9: Maximum scour depths near WGB and EGBveatgr level as measured at the EGB in the per@@dt2009
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Figure 10: Development over time of scour hole W&B in the year 2006

Figure 9 presents the maximum scour depttmum scour depth corresponds toPWD -33 m. This
measured in the period 2004 through 2009. As cais deeper than the predicted scour depth accotding
be noticed in particular in the year 2006 the ob-Table 2 when corrected for the more gentle slope
served scour near the WGB reached more than PWihder which the guide bund was constructed. Hence
-30 m. Figure 10 shows the extent and the time-wisthe design scour depth is exceeded in a year with b
development (via date and stage) of this very deelow average flood, be it over a very short length.
scour hole. It occurs in particular during the tloo The year 2006 though is characterized by substantia
season and is located near the falling apron. Qurinoutflanking. In the years 2008 and 2009 also deep
the subsequent recession the scour hole is filed iscour holes below PWD -15 m were observed near
Also it is important to notice that the length bkt the EGB (see Figure 9), and these again correspond
scour hole below PWD -15 m is only about 200 mto outflanking conditions.
hence the scour is indeed very localized. The maxi-



pension. This could explain the very deep scour

holes and the steep slopes. It also explains way th

deep scour hole is observed near the head of the
guide bund and why immediately downstream sand

deposits occur: in the eddy zone sediment will de-

posit.

The implication would be that when during out-
flanking conditions a very serious flood would occu
with even larger velocities and a stronger vortex
street, at the head of the guide bunds the design

scour depths might be exceeded even more

Waterlevel—R\\\\ 1\ \\ Until now only the scour at the head of the guide
WA\ bund was discussed. During the design it was as-
sumed that the design scours deeper than PWD -30

Figure 11 Possible flow pattern at head of guidedoduring  m could occur along the whole length of the guide
outflanking bund. However, Figure 12 shows that deep scour oc-

curs only at the head and more downstream the
Bathymetric Survey of Jamuna Bridge guide bunds are even covered by sand deposits. This

urvey Date: July 24, 2006 . .

: continues to be the case during floods. Probaldy th
@ more downstream parts of the guide bunds are over-

designed and a slope protection could have been

D] | shorter and/or the falling apron could have been
placed at a higher level and contain less rock.

24800

24600

24400

24200 AN\ ,\ N 4 PERFORMANCE REVIEW OF GUIDE BUNDS

AbenNso

S\ AN e
2100 AR . In this Chapter the performance of the river tragni
‘ 2 works is reviewed. Because in the preceding Chap-
£ # S W = ters already the overall layout and the planform of
S = the guide bunds is discussed, the topic here psiin
- ticular the slope protection. Limitations of spade
23400 WS\ low only a brief discussion of the most saliendfin

ings. For more details MAUNSELL/AECOM (2010)
25209 : S B should be consulted.
- A The slope protection of the guide bunds consists
23000 T of three parts (see Table land Figure 4), notably (
/. an open stone asphalt (OSA) part (above PWD +
10m), (ii) the rock slope protection (SP) (between

22800

/| PWD +10 and -15 m), (iii) falling apron (FA) placed
T at PWD -15 m and supposed to take care of the
22490000 24200 24400 24600 24800 25000 25200 25400 25600 25800 deepeSt Scour)- Near the b”dge proper the levels a
Esstnginm slightly different (-18 m instead of -15 m for tfadl-
Figure 12 Sounding of scour and deposition alongB\@ 24 ing apron setting level). During the review period
June 2006 the OSA experienced some minor damage which

_ . . was subsequently repaired and which is not dis-
Different possible explanations for the deep scougyssed here.

hole observed in 2006 near the WGB were consid- Wwith regard to the SP from 2006 onwards two dif-
ered. Several witnesses which observed the flow paferent problems have occurred which may or may
tern at the head of the guide bund during flood-comot be linked. It concerns the shifting of rock in
ditions reported a very strong eddy downstream ofjownward direction exposing at some places the ge-
the head of the guide bund. Such a strong eddytexiile filter and the formation of one localizedle
would indicate that separation takes place. The/ eddn the lower part of the slope protection. The tinif

is driven by the main flow. At the interface betwee of the rock on the guide bunds slope is shown én th
main flow and eddy a vortex street will develope(se two photographs in Figure 13. The cause of the
Figure 11). Vortex streets generate high turbulencgnifting was studied on the basis of the limited in
levels, this might have increased the verticaluwdiff formation available. The most plausible explanation

sion and this, in combination with uplift under $ke s the occurrence of flow slides of the sand deposi
vortices, might have lifted the bed material intiss  on the guide bunds during receding flows.



o e %: v s

(a) Slope SP WGB below berm without damage (b) Damaged section with shifted rock with exgedtextile
and some sand deposits

Figure 13: Original and damaged section of slomgation (SP) of WGB

Sand deposit

‘‘‘‘‘‘‘‘ o 2\ Erosion causing

- -\ flow slide
Stone cover
layer

Figure 14 Flow slide of sand deposits on top opslprotection (SP) as possible cause of shiftingci

Such a flow slide in the mass of sand and siltlgver sis of all available data is presented to arrivara

ing the SP can occur due to the lowering of theewat explanation of these holes. Possible explanatioms a
levels during the end of the flood season and/er thiinked to a geotechnical failure of the falling apr
erosion of the sand deposit in a later stage. Bue g (as it concerns the same reach where very deep scou
textile sheet could function as a kind of slidiflgn®  noles were observed, see Chapter 3) and/or construc

for the mass of rock, boulders and sand and s, b i problems related to the mattresses. During the
cause (i) the relatively thin rock layer is embetide

in silt and sand, (ii) the presence of a thin lagér Bt vk o ndty it
boulders placed between angular rock and geotextile Scoufbapostir]
to prevent punctures in the latter during rock dump S o .
ing, (iii) the bamboos on the geotextile by nowéav B $ @ Hes
— L vz~ 65

partly deteriorated and (iv) the friction betweée t
rock and the geotextile is small (see Figure 14h-O
er explanations (wave action, theft) cannot bedule
out and more detailed studies are needed to better
understand this shifting, which by the way did accu
at a substantial scale. e
During the 2007 flood season it was found that
‘holes’ started to appear in the SP of WGB between
chainages 2420 and 2580, i.e. over 160 m along the
guide bund at the bottom end of the slope between
the as-built rock levels PWD — 8 and PWD - 10 m.
The initial dips, developing rapidly into gulliesl|-
timately became locally deeper than 5 metres while
the overall length of SP affected (measured up the
slope) could locally be as much as 35 m (out of 135

Northing in m

m). The local lowering of the SP is illustrated in %, P 25000 e
Figure 15, showing bed level changes in 2007 com-
pared to the as-built conditions. In MAUN- Figure 15: Holes in the slope protection in 2007

SELL/AECOM (2010) a careful and detailed analy- near reach where falling apron has vanished



deployment process the falling apron reached slopenpact on the downstream reach can be found in
angles substantially steeper than 1V:2H, which isSarker et al (2009). Figure 16 shows the inciderice
geotechnically problematic. These steep slopes weghannels (via the frequency that a particular pért

unexpected as commonly rock is believed to launckhe river a deep channel is present) before (ap&nd
at angles of 1V:2H. ter (b) the construction of the bridge. Figure 16b

an updated version of Figure 3(c) of Sarker et al

(2011), by.including threge more years (2010, 2011

5 INTERACTION RTW AND RIVER AND and 2012) into the analysis. _
DOWNSTREAM IMPACT The following observations are made on the basis
of a comparison of the incidence maps and the re-

As discussed in Chapter 2, an overall mobile begults of the overall mobile bed and bank model

and bank model was used to study the interactien be’ Theé Jamuna Bridge RTW have stabilized the

tween the river training works and the braidedmive ~ channel pattern slightly upstream in between and
One result from this study were the possible angles downstream of the guide bunds.

of attack of the flow on the guide bund heads (se& During most years since construction two chan-

Chapter 3). Another item of interest is the channel N€lS are present, one along the WGB and the oth-
pattern and possible attack on guide bunds and pier ©f one along the EGB. These two channels con-
in the reach where the river was flowing in between fluence a few km downstream of the guide bunds.

the guide bunds. Although not specifically designed Downstream of the WGB a considerable area of

to reproduce this aspect correctly, still the rmsul ~ former char land is not subject to erosion any
were used as part of the probabilistic design. more. Also more downstream over a distance of

Satellite images of the low flow season since the about 20 km newly formed land along the right
bridge was constructed allow to study the impact of Dank of he river seems to remain in a stable posi-
the river training works on the braiding patterdan  ton, whereas more downstream a bifurcation has
the downstream impact of the RTW. This was also Created a system with two anabranches. This sys-
studied during the review of the RTW (see temis still widening.

MAUNSELL/AECOM, 2010); a summary of the

Channel Incidence Map Channel Incidence Map

2000 - 2012
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Figure 16: Channel incidence, showing probabiligtta deep channel is present at a particularitotat the channel beld



* The downstream impact of the Jamuna Bridgesred. If the occurrence of a vortex street is the r
RTW was not extensively studied in the overallsponsible phenomenon for the deep scour holes ob-
mobile bed and bank model, but Figure 8(a) sugserved, then the question rises why this deep scour
gests that in the model the stabilization was leshole was not observed in the local scour model,
than observed in nature until now. which was applied in modelling approach as de-

* The observed stabilization might be partly due tascribed in Chapter 2. In the local scour model sand
the eccentric position of the guide bunds in then size comparable to the sediment in the Jamuna
river. This seems to support the theory that th&iver was used (uniform andspof about 0.2 mm).
Jamuna River can be stabilized via a number ofAs could be shown scale effects prevent that this
fixed hard points at strategically selected distancmaterial goes into suspension, and hence the gyickin
es (see Klaassen, 2009 for a proposal to stabilizagp of sediment did not occur in the local scour mod
the Jamuna River over its full length in Bangla-el. In retrospect it would have been better to use
desh). light weight material in this local scour model.

* Probably the more downstream parts of the guide

bunds are less seriously attacked than assumed ear-
6 DISCUSSION lier and their design can be lighter. A similar phe

nomena was observed in the overall bed and bank

The present review has uncovered some intriguingnaterial, but this was attributed to scale effects.

findings which either were not known during the de- Strengthening of falling aprons after launching, as

sign of the Jamuna Bridge or where model studiesequired according to recent findings (Oberhage-
carried out during the design were showing differenmann et al, 2006 & 2008), is difficult to carryton
phenomena than later observed in nature. The r¢he case of a constricted reach like between the
view findings have been quite useful for the desigmuide bunds. During the flood season hydraulic con-
of the even larger Padma Bridge. In general iecs r ditions make these operations dangerous, whereas
ommendable to carry out such a review, in particuladuring low flow conditions the launched falling
when the design and construction of the concerneajprons are covered by sand deposits.

structures can not be based on existing experieneeThe cause of the shifting of the protective layer o

and requires “out-of-the-box” thinking. the guide bunds, leaving the geotextile filter esqub
The main conclusions from the present review arat some places, is not fully understood and require
presented and discussed hereafter: further studies. For the time being only timely mai

 Since their construction the Jamuna Bridge RTWenance can prevent subsequent damage which ulti-
have performed quite well; no major damage has ocenately might result in the failure of the guide Han
curred and on the average the costs of yearly main- The downstream impact of the Jamuna Bridge is a
tenance amounted to about 0.13% of the initialscoststabilization of the channel pattern, which migkt b
only. more pronounced due to the asymmetric location of
* In retrospect it appears that the hybrid modelinghe RTW in the river.

approach (comprising of a combination of scale and

numerical models, the analysis of satellite images

and the field surveys) has provided solid basic INACKNOWLEDGEMENTS

formation for the design.

* The guide bunds appear to "attract” the Jamundhe present review was carried out within the
channels which do not join inside the reach betweeframework of the Detailed Design of the Padma
the guide bunds; hence confluence scour is not RBridge Study, carried out by Maunsell and AECOM,
dominant phenomena for the design of piers andith NHC (Northwest Hydraulic Consultants) as
guide bunds. The functioning of major bank protecsubcontractor for the design of the RTW. This pro-
tion works as “attractors”is already known from-Sir ject was commissioned by the Bangladesh Bridge
jaganj and Chandpur and is also discussed in the liAuthority (BBA) and funded by the World Bank,
erature (Mosselman & Sloff, 2002). The upstreamADB and Japan.

heads of the guide bunds of bridges crossing major Special thanks are due to the BBA Project Direc-
braided rivers are the parts which suffer the nsest tor Mr. Rafiqul Islam for extending support to con-
rious attack and sufficient effort should be made tduct the study. Discussions with Mr. Knut
properly optimize their design. Oberhagemann, NHC’s Team Leader, and his will-
* The occurrence of a very deep scour hole at thmgness to share his extensive experience with bank
guide bund head next to the WGB during moderaterotection in Bangladesh helped improving this re-
attack in 2006 is worrying; its cause should be&lstu view. Stimulating discussions with, additional data
ied in more detail, using scale models, possibly adprovision by and critical remarks of the Panel &f E
vanced mathematical models and field measuregiert, and in particular Mr. Fortunato Carvajal and
ments. Possible counter-measures (see e.Brof. Ainun Nishat are acknowledged as well.
FAP21/22, 1996 for some ideas) should be considvlessrs. Nur Sadique and Md. Abdul Kalam Asad



shared their considerable experience with mainteKlaassen, G.J. and Zanten, B.H.J. van (1989)cudoff ratios
nance and operation of the Jamuna Bridge RTW of curved channels, Proc. XXIith IAHR Congress, i,
. ; " Canada.

Mr. B. te Slaa. IS aCknOW|edgeq for the detfal.ledjrea Marga-Net (2006), Report on scouring at WGB, Maki; 44
ing of the review report and his many positive com _

ments and additions. Mr. Md. Motiur Rahman JewelMosselman, E. & C.J. Sloff (2002), Effect of losabur holes
was very helpful in analyzing the many sounding da- on macroscale river morphology. Proc. River Flowd20
ta very efficiently. Mr. Md. Shakil Bin Siraj is Louvain-la-Neuve, Belgium. Vol. 2, pp. 767-772

; AUNSELL & AECOM (2010), Performance Review of
g.;llj?é);/vledged for the preparation of a number of' Jamuna Bridge RTW, Annex F, Padma Multipurpose

) ) Bridge Design Project, Updated Scheme Design Report
Furthermore the help of the following persons is River Training Works, Prepared for Bangladesh Beidg
acknowledged: Messrs. M. van der Wal and H. Authoruty, Dhaka,

Verheij of Deltares, for their expert advise anéphe Oberhagemann, K., M.A.Stevens, S.M.S. Haque, M #isdt

Mr. H. Oostinga, former Planning & Engineering
Manager of HAM-Van Oord ACZ JV during the

construction of JMB for sharing his experience angyy,

(2006), Geobags for Riverbank Protection. ICSE{8tdr-
national Conference on Scour and Erosion. 1-3 Ndezm
2006, Amsterdam, Netherlands.

erhagemann, K., Diggelmann, P. & Mukhles-uz-zaman

views; and Zahir-ul Haque Khan and Sarwat Jahan (2008), Understanding Falling Aprons — Experiefrcan

Rumi of IWM for providing data.
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