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Message

It is a matter of great satisfaction that the Climate Adaptation Design, Construction and
Maintenance Manual has been developed under the Program for Supporting Rural Bridges
(SupEB), jointly funded by the Government of Bangladesh (GoB) and the World Bank.
This Manual marks a significant milestone in LGEIYs efforts to integrate climate
adaptation into rural bridge infrastructure, ensuring that investments remain sustainable,
resilient, and responsive to changing environmental conditions.

The Manual provides clear directions for engineers and planners to incorporate climate-
adaptive features in bridge design, construction, and maintenance. It emphasizes practical
approaches to address climate risks such as flooding, riverbank erosion, and extreme
weather events, thereby enhancing the durability, safety, and serviceability of rural bridges
and culverts.

I am confident that this Manual will greatly benefit LGED officials at Upazila, District, and
program levels in planning, constructing, and maintaining climate-adaptive bridge
projects. It will also strengthen institutional knowledge and capacity, enabling LGED to
safeguard rural connectivity and protect infrastructure investments against future climate
challenges.

LGED reaffirms its commitment to building resilient infrastructure and ensuring that
bridge asset management remains forward-looking, efficient, and sustainable in the face
of climate change.

Lo A N
(Kazi Golam Mustafa)
Chief Engineer
Local Government Engineering Department



e

-l

Message

It is a great pleasure to present the Climate Adaptation, Design, Construction and Maintenance
Manual, developed under the SupRB project. This Manual represents a significant advancement
in LGED's bridge asset management practices, providing systematic guidance for climate-
adaptive planning, design, construction, and maintenance operations.

The Manual emphasizes the fundamentals of climate adaptation in bridge and culvert
infrastructure, offering step-by-step directions for incorporating resilience measures, selecting
appropriate construction techniques, and ensuring effective maintenance based on inspection
results. It has been designed to complement the EuBIMS database, software, and Mobile App,
making bridge asset management more adaptive, technology-driven, and accountable.

This Manual will serve as a practical tool for contractors, engineers, and LGED officials at all
levels, helping them to adopt standardized practices, minimize risks, and ensure the durability,
serviceability, and climate resilience of bridge structures. It will also confribute to the future
development and strengthening of LGED'’s Climate Resilient Infrastructure Policy.

I extend my sincere appreciation to the World Bank Task Team and subject matter experts for
their valuable comments and feedback during the preparation of this Manual. Together, we
reaffirm our commitment to building infrastructure that is not only strong and resilient but also
safe, responsible, and sustainable.

el
(Md. Belal Hossain)
Additional Chief Engineer &
Project Director
Program for Supporting Rural Bridges (SupRB)
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Chapter — 1
Climate change impact on bridge and associated risk

1.1 Climate

The climate is an atmospheric blanket which is consist of several layers of gases arouwnd the earth
to protect all living beings and the nature of the earth planet or it is relates with ancther
definition like, Climate is the long-term pattern of weather in a particular area. Weather can
change from howr to howr, day to day, month to month or even year to year. A region’s weather
patterns, usually tracked for at least 30 years, are considered its Climate.

1.2 The effects of climate change are widespread and infen=sifying and mclode:

Rising global temperatures and more frequent heatwaves

Changes in rainfall patterns, leading to more frequent droughts and  flocds
Rising sea levels due to melting ice sheets and glaciers

More severe storms and extreme weather events

Threats to food and water security

Loss of biodiversity and harm to ecosystems like coral reefs

1.3 Major Climatic Impacts on Brndge:

Increased concentration and high frequency of rainfall are some of the uses of
severe scour on bridge pier foundations and abutments due to increased river
flow.

Higher atmospheric temperature is the cause of expansion and contraction of
the bridge’s superstructure which could be one of the reasons for degradation
of sustainability of Bridges.

Sea level rising causes saline water height in coastal areas which are another
reason for scouring and a reduction of the bridge clearance.

Strong wind speeds due to Cyclone/Tornado could be a risk, especially forlong
bridges in Coastal areas.

Bridges can potentially change the water flow which affects water welocity,
depth, sedimentation patterns, and riverfkhal bed morphology. These kinds of
changes may enhance the risk of flooding and river bank erosion.
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Surface water quality could be affected by a number of factors during
operations on-site.

Bush/tree/turf dearing near the approach and abutments of a Bridge
enhances the erosion of approach roads and adjacent to  Bridges.

1.4 The global trend ofnegative change of climate

Climate change will likely exacerbate existing roadway issues and further
deteriorate the condition of bridges in both developed and developing countries.

In 2014, the Intergovernmental Panel on Climate Change (IPCC) forecasted:

The effects of climate change will continue even if greenhouse gas
concentrations were to stabilize at existing levels: average
temperature increases and sea level rise will continue due to the
timescales associated with climate processes and feedback effects.

Global mean temperature may rise between 1.00C to 3.70C by the end
of 2100, according to various climate change scenarios and models;

Sea level rise will most likely reach 40-63 centimeters during the 21st
century;
In most regions, there will be more instances of hotter, and fewer
instances of cold temperature extremes as global mean temperatures
increases,
{Source: Intergovernmental Panel on Climate Change (TPCC). 2014 Fifth
Assessment Beport hitp:/Vipee.ch)

1.5 Causes of climate changa:

Climate change does not accur from day to day like weather, but it does change over time.
The study of historic climate change is called paleoclimatclogy. Climate change happen
slowly over hundreds or even thousands of years, for example, periodic glacial pericds have
covered large portion of earth with ice caps. Some paleocimatclogy evidence shows that
the S5ahara Desert was once coverad by plants and lakes during a warm  “wet ags".

Climate change can happen for many reasons:

The movement of tectonic plates
Volcanic activities and
The tilt of earth's axis

Climate change is here in the earth is a practical phenomenon beyond doing everything, we can
to out emissions and show pace of global warming, we must adapt to climate consequences. 5o,
we can protect ourselves and our communities. The fallout wvaries
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depending on where live. It might mean fire or flood, droughts, hotter or colder or sea level

16 Impacts and risks of general climate changing indicators on bridges

Bridges, belonging to the transportation infrastructure are vulnerable to excesses in
Tidal/Flood/Storm surges, Precipitatdon and Temperature which can cause structural
damage of different elements Including roadway deck and approaches of bridges.
Indicator wise impacts and risks are illustrated in the Following tables (table 1.1 and
table 1.2],

Table-1.1: Impacts and Fisks of General Climate Changing Indicators on Bridzes

If moisture levels of soil borme from [ The structural integrity of aged or

increased and prolonged precipitation weak bridges could be damaged

hecome extremely t'hgw severely and finallymay

e ; 1 out of orderfout ofuse.

|| To restore the status of general uge
iemay need for repairy/
relahilimtion; reconstruction

[l The result may be devastating

profonged fsustained raintall events cauging significant structural

and catastrophic cycone increase the damages resulting in terminating the

risk of flooding. use of bridge.
[ Any increase in the intensity of [l To restore the status of general use
Cyclone fStorm ks most likely to emay need for repair/
increase subsequent sunges, causing rebabilitation/ reconstruction
miare fraquent or severse Aooding of
low-lying infrastrocture.

[ Wawe action and stagnancy of waber
generally results in significant erogion

in riverbeds and river banks which
ultimately causes damaging scouring of
bridge foundations.

I Extremely Increaged temperature I The result may be severe causing
affect the thermal expansion and damage of bridge expansion joints
movement of jpints resulting increased  and Bearings
stress on bridges, [ Eagy and unrestricted movement

! Higher Range variation of maodmum oftraffic may be hindered
and minimum temperature may ' Replacement/Rehabilitation
generate more freeze-thaw afoint/Bearings may be
conditions of Steel or Iron elements needed
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Takle-1_2 Climate drivers mmpacts! effects on Bridzes.

Extreme heat/heat waves: Extreme temperatures are location specific. Heatwaves are profonged periods
of excessivedy hot weather. Liloely increaze inextneme i temperatune and heat
WayESIn mostareas.

Diryingtrend/ draught: A prolenged dry period in s natural dimate opde which results in 2 shortape of

water. Likedy imorease in drought conditions in some areas through a wa rming of
aif tempesature and decrease Inprecipitation,

Extre me Extreme precipitation evernts ane location specific and can caus=flooding when
precipitation/flooding: dovwn pours exoeed the capaecity of fver or urban drainage systemns. Uncertain
dlirrate projfections, expacted to intensifyin some arsas.

Storm Surge: The difference between the actual water level under the influence of a
meteomingical disturbance | storm tide) and the lewel which would have been
attained |n the shaence of the metesrological disturbance (e astronomical tide].
Séa level rise exaterbate storm dunge height.

Sea level rise: Anticipated sea level changes due to the greenhouse effect and associated global
warming. Leads to changes in eroson and sooretion, bong term imendation,
exacerbate storm sunge and tunamiheight.

Damaging storms: Seyere weather systems Invohving damaging winds and heavy ralnfall downgour,
Inelisding tomadas, hallstarms, tropicsl cyclones and Uncertain climate projections.

1.7 The significant clinzate mypacts on bridse snd consequeances

Drrought
Flood

Extreme heat
Cyeclone & tomado
Stomm Surge

E 21—
Sea level nise
Subsidence ete.

Page | 4




1.71 Drought

The dry regions of Bangladesh located along the western border are most vulnerable to
metecralogical droughts In pre- and post-monsoon perlods, The mean annual rainfall in the dry
zone Is around 1.250-1,750 mm, mainly from May-lune to September-October [(Ahmed and
Suphachalasal, 2014). Due to the combined effect of solls with low moksture-holding capacity
[=200 mm avallable molsture), an Increasing number of dry days (precipitation <05 Potential
Evapo-Transplration) and estreme summer temperatures of more than 40°C, the drought
sltuation in the dry areas become extremely severe during April and May. Mineteen droughts
occwrred in Bangladesh betwesn 1960 and 1991, The average ocourrence B once In 2.5 years,
Bangladesh experienced severe droughts In 1951, 1957, 1961, 1972, 1976,

Fig: 1.1 Water way condition due to Drought

1.7.2 Riverbank erosion dueto flood

Ewvery year In Bangladesh, rivers erode around 10,000 hectares of land (NWMP, 2001). According to
CEGIS estimates, between 1973 and 2021, ercslon along the lamuna River was 93,965 ha and
accretion was 14,545 ha. During this period, eroslon along the Ganges River was 30,300 ha while
accretion was 29,100 ha. Along the Padma River, eroslon was 33,585 ha and accretion were 5 485
ha,

Fig: 1.2 Bridge affected by River bank Erosbon
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The map and table describe the gecgraphic coverage of the hazards and potentially vulnerable
populations across the climate stress areas. Most areas face five or more disasters. With all
disasters intensifying or becoming more frequent due to dimate change, the dimate stress
areas face larger risks in the future.

Climate Stress Areas of Bangladesh
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Flg: 1.3 Climate Stress Areas of Bangladesh
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River Bank Erosion (1973-2020) in Bangladesh
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Fig: 1.6 River bank erosion in Bangladesh
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1.7.3 Flazh flonds

Flash floods are caused by heavy ar excessive rainfall or upstream flooding in a short period of time.
Flash floods are most cormnman from April to July and from September to October (WO, 2003). The
north-eastern areas of Bangladesh are more prone to flash flooding than ather parts of the country.

The Eastern hill regions are also very prone to flash floods. During 1985 to 2015, 12 flash flood

events ooccurmed In the reglon. Flash floods suddenly lnundate crops near the harvesting time,
damage Infrastructure and often cause losses of lives and properties.

The flash flood event of 2017 was the most devastating early flash flood, disturbing roads and
embankments and damaging pre-mature dry season crops waorth 51,49 billlon, which posed a threat
to the overall food security of the country,

T baw Sl e et HI'II,.-H"IM ‘% ﬂl‘ﬂl}

- v Apr,2005 - 636 (3%)
ApR2006 - 1,557 (B%)
4 AprI007T - 1488 (B
SRR " . Apr2006 - 363 (2%)
s A " - Apr2009 — 1,092 (6%)

; Apr2010 — 2,400 (12%)

Aprlia - 810 L5
Apr2015 - GYB (49)
Apr2017 - 5,758 (29%)

B open water flood extent

Flg: 1.7 Flash flood-affected areas in north-eastemn Bangladesh Sounce: CEGIS analysis based on satelite
imniagas,

Fig: 1.8 Bridge Protection work affected by Flood.
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1.7.4 Sea-level rise

Climate change will further aggravate historical sea-level rise and projections for the coastal areas,
This will substantially affect coastal communities, infrastructure and livellbocds. Potential coastal
Inundation estimated by CEGIS (2021) for variable sea-lavel rise, incorporating the existing coastal
polder set-up, shows that by the mid-term, around 18 percent of the coastal area might be
Inundated due to sea-level rise projections, based on the 55P5-8.5 scenarlo. The inundated areas
are mostly behind the coastal polders in the south-central reglon and are kaw-lying. Some existing
polders have flooded due to lower polder helght caused by previows damage. In case of 2 breach
or darmage to the polder, which was not considered In the simulation, the inundated area will be
miuch greater. This will impact the coastal population and livellhoods, exacerbate salinlty intrusion,
and damage Infrastructures and assets.

1.7.5 Impacts of Earthquake;

Impacts of Earthquake have to be considered In the design of structures. The wrban area of

Bangladesh, particularly densely populated urban areas, due to rapid growth of densely populated
urbkan areas, Infrastructures

lacks E!JIHEF and more ..'.' T - FNTaRRsanE He

impaortant, the most of the ; —i‘ﬂ i
infrasructures lack  In lod [ NI | © Dot miaeSS
earthquake resistant design. T el = ity L

afiircki 6 e nsiny of WII

During the seven or eight years, v pass it Tl acaaf

- g . . L ool e umiviiry fhes
the occurrence” and damage | e L, T werti e R
. - whis iwiss i e | y e
caused by some earthguakes § 1 et Balesiy fin v maseell ;
L._,_ m ihe Sonc-1L, Thes

imagnitude between 4 and &) e - _ T e

in the south-eastemn part of the 5 Figure-1.0 * T R T e
country has ralzed the level of
awareness among the general people and the govermnment as well, The planners and designers are
concerned earthquake resistant design and construction of physical Infrastructures. Geographically
Bangladesh Is located close to the boundary of two active Plates: the Indlan Plate in the West and
Euwrasian Plate in the East & North. Recently Bangladesh lies in an active tectonic zone, which extends
throughout Himalayan, Shillong platesu and Raken-Yoma region, and parts of the adjoining Indo-
Ganges floodplains (Brammer 2004). Between 1869 amd 1950, seven major earthquakes with
magnitude exceeding 7 on the Richter scale occurred In the region which had some major effects on
Bangladesh. Of the seven ewents two (LB8S and 1918) had their epl-centers within Bangladesh.
Conseguent damages have been noted due to those,

Bl e B EA TR

Bangladesh belng a part of Bengal basin Is one of the most selsmically active zones of Aslan countries.
Mo detall has been undertaken till now, but on the basis of geological finding. Geological Survey of
Bangladesh (G58) has the divided country Into three earthquake zones as shown. Recenthy, with the
support of muld-donor financing, Aslan Disaster Preparedness Center (ADPC), Bangkok, an
International NGO has undertaken comprehenshee surveys using latest eqguipment and computer
programs, updating the vulnerability mapping of Bangladesh which ks an improvement of what we
used to know from GSB.
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Zone-1: Less risky zone (Includes Jessore, Khulna and Bartsal Districts)

Zone-2: Medium vulnerable zone [Includes Dhaka, Rajshahl, Dinajpur, Bogra, Chittagong and
Moakhall Districts)

Zome-3: Mozt vulnerable zone (Includes Sylhet, Mymeansingh, and Rangpur Districts].

1.7.6 Cyclome, tormado and storm surges

Twenty-one severe cyclones [winds between 87 to 117 km/hour) and severe cyclonic storm with
hurricane Intensity (winds >117 km/hour) struck the Bangladesh coast between 1960 and 2010
{MoEFCC, 2018b). Among them, 33 percent happened pre-monscon and 67 percent post-
monsoon. In the three decades since 1990, Bangladesh has experenced category four cyclonas
with wind speeds of 209-251 km per hour. Besides cydlones, Southern and central Bangladesh is
very prone to tornados. Tornados Im Bangladesh generally form durng April and cause damage to
lives and propertbes in 25 Mar 2013, & desdly tomado happened in Brahmanbaria, causing death of
31 persons and injury of 388 persons (DMIC, 2013).

W Lemds—
b 7

Flg: 110 Potential inundation due to sea-level rise and oyclone storm surges in the coastal areas by the
2050z (Source: CEGIS Bay of Bengal Model, 2021}
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Fig-1.11 Distribution of different categories of cyclones, 1960-2020 [Source: CEGIS analysis based on BMD

Flig: 1.12 Surfaoe water salinity distribution in coastal Bangladesh due to climate change (Sowrce: CEGIS Bay
ofBengal Model)

1.7.7 Salimity

The cozstal zone of covers about 19 districts of southemn part of Bangladesh. The salinity level
[surface water, ground water or soll) generally Increases almost linearly from October to late May
with the gredual reductlon of upstream freshwater flows. Low salinity (0-2 ppt) in the south- central
zone, results from the significant volume of freshwater flow from the Padma River and the Lower
Meghna River. Sallnity intrusion In the south-west region reduces the freshwater- supported area,
resulting in decreased agricultural production In many parts of the coastal zone and as well as
damaged Infrastructures and assets.

Page | 13



Climate change-induced sea-level rse will significantly increase river salinity during the dry season
which k= further aggravated due to less water availlability in the major rivers,

Flg: 1.13 Bridge Pler affected by Saline water

1.7.8 Exoemesheatwaves
The seasonal trends in surface urban heat Island Intensity [SUHI) (=€ per year] from 2003 to 2009
In major Bangladesh cities exhibit significant Increases during the pre-monsocon and winter seasons
In most cities. Winter nights show a strongly increasing trend In central (Dhaka) and western cities.
There Is a significantly decreasing trend in north-east (Sylhet) and south-west (Khulna) cltles.

Extreme heat events Impect on road work like flexible pavement i continuously rutting and
effected many ways. also, the bridge structures causes damages due to extreme heat like expansion
joints are affecting and other part of sub structures and supper structures degradation oocurs
randonnly.

1.70 Exireme cold
Extreme cold s expressed as the days with temperatures below 10°C. During the winter, northern
part of Bangladesh experlences cold waves regularly. Extreme cold occurred in 2001, 2003, 2011,
2013, 3017 and 2018, with extreme

Temperatures below 6°Cin 2003, 2013 and 20018, 5uch extremea wegther events often have severs
impacts, hindering the livellhoods of the mast vulnerable people. For example, fog and winter rain
can reduce cash crop yields and thus income. Cold wawves can also have significant health iImpacts,
contributing to acute respiratory Infections (ARI), fever, pneumonla, asthma, coughs and skin
diseases, especially among the eldery and children, Overall, future climate change Is expected to
increaze the iImpact of extreme cold In Bangladesh.

1.7.10 Landslide

Slnce 1990, Bangladesh has experienced more than 30 landslide events in the hilly regions, with a
death toll of approximately 200 people and masshve economic and property losses. The causes of
landslides are topography, weakening slopes through saturation by water, steeper slopes due to
erosion, soll properties (zandy soll), torrential rain and high-velocity surface run-off. According to
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the geological timescale, the hilly area of Bangladesh developed in the tertiary age and |s mainky
composed of unconsolidated sedimentary rocks such as sandstone, silitstone, shale and
conglomerate, The areas are underlain by tertiary and quaternary sediments that have been
folded, faulted and wplifted, and then deeply dissected by rivers and streams. Future climate
change |5 expected to Increase the monsson and post- monsoon rainfall Im the hilky reglons by 5-
10 percent. This might further aggravate the landslide risk for vulnerable areas,

Flg: 1.14 Landslides In bridge approaches due to heawy rainfall

1.7.11 Pracipitation and storms impacts on bridges

Flash Floods and Extended Flooding Conditons: When a swollen river passes under a bridge
during & flood event, the high-water level can cause debris to come In contact with the bridge. If
the Impact doesn't damage the bridge Immediately, the welght of the plled-up debris combined
with the force of the flowing water pushing on it can cause the bridge to collapse,

Tropical Storms are Becoming More Powerful: As hurrlcanes are expected to Increase in intensity
[and frequency In some reglons), bridges may encounter stronger and more powerful storm
surges and waves causing direct physical damage.

Scour: Scour s a process Involving the erosion of streambed or bank material due to flowing water
at ar around plers and foundatlons. Scour causes stabllizing material, (e.g. the streambed
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or bank) to mowe away from the bridge substructure, causing Instability of the bridge's
foundation.

Climate change will likely increase the Intensity of rver flows and exacerbate bridge scour
Extensive damage assoclated with scour can cause a bridge to collapse.

Flg: 1.15 Affected Bridge Protectlon wark due to river bank erosion and scour

1.7.12 Precipitation changes effects in approachroad and bridges
It Iz projected that the precipitation could decrease in most areas of Azla. This would have a

fawvorable influence on most roads, where sub grade and construction materials will tend to
operate under higher negative pore water pressure (high soll suction) conditions and thus have
slgnificantly higher strengths than normal. However, It ks also projected that the preclpitation that
does occur could be in the form of less frequent but more severe storm events. Provided that the
pavement drainage ks such that the water s rermoved from the pavement structure rapidly, the
temporary increased precipitation associated with these events would have little effect on the road
performance. it will be essentlal, however, that drainage designs are improved and maintenancs
technigues are enhanced and Iimplemented regularly and probably more frequently. Water will
hawe to be remaoved from the road vicinity rapldly and completely.
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Fig: 1.16 Affected bridge approach due to predpitation

Tabde: 1.4 Effect of Increased precipitation on Bdidge Component.
Conseguence - Possible Problens and Damaze
Unpaved roads Fiooding [excessive surfame water]
. Softening of surfacng materis|
More frequent impassaaility on poor matessls
Increased erosion of road surface

Loess of shape of road

Blockage [siltation] of drains

Paved rocds ! Loss of strength of layer materials, espedally #n the upper base and subbase
Layers

Damage to thin surfacing

Damage to pavement edzes

Blodkage: of drains and odverts
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Erosion of unpared shoulders

Earthrasorks

Increased shope instability
Saturation and weakening of embaniment soils
Erosion of soil surfaces snd drains
Urdercutting of rocds by embanioment: erosion
Enressive (fusuriant] vegetation growth
Sisation and blodsing ofdrains

Subgrade soils

Exparsion and cradong of volumetnicl by urstable matenials
Collapze and settlement of collapsible  soils
Softening of pavement support  materials
Fore moverment ard deposition of saline materialz
De=fiormation of rigsd strusctunes

Erosion in raad reseme

Increased Foehood of sinkcholes in larst areas

Drainage [water from within
rocid resense]

Drainage (water from outside
road reserve]

Scrumuiation of water adjaoent to road

Erosion of rosd surface, shoulders amd side and mitre drains

Softening of matenals  benesth road
Weakening of unpaved shoulders

More outer wheel tradk failures due to incressed subsrade moisture contents

Ero=ion of embankments and abutments of culverts snd bridges
Sitingsedimentation of ouleerts and  bridges
Soour of bridge foundations

Dwertopping of bridges and damapge or destruction

Damage to bridge structunes: by debris in flood-saters

Excezsive maisture in materials —construction delays
Redisced wsorking periods and increzsed delays
Heed for more coffer dams or flood-cortrol measures during drainage and

[oridge constructson
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Izinmtenanoe HAdditional maintenanoe costs inourred

Fore frequent bush clearing

HAdditional repairs required to drains

Meed to retain good shape of unpaved road surfeces — more freguent
M enEnoe

Increased ardd improved unpaved shoulder maintenaroe

Increased pothole patching and crack sealing of paved roads

1.7.13 Impects from mcrease in average temperaiure and exmeme heat
Damage to Expansion Joints: Under current climate projections, extreme heat events and heat
waves are lkely to become more freguent and to last longer than in the past. Bridges are subject
te many modes of heat transfer and varlatlon In the average dally temperature can cause bridges
to extend or shorten. Although the effect 5 minimal In the short-term, the Impact can be
cumulative and reduce the service life of a bridge, Increase the costs of bridge inspection,
malntenance and repair.

Greater variabllity and range of maximum and minimuwm amblent temperatures will alse cause an
Increase In freeze-thaw cycles, which can dameage bridge expansion jolnts.

Fig: 1.17 Damage of Expanslon Joint

1.7.14 Degradstion of the brndge deck material dues to extreme heat and excess
precipitation:

Maost large-scale bridges are bullt with asphalt or concrete pavement surfacing bridge decks. One:
reason for using asphalt layers is to protect the bridge deck structures from water, dirt, de-icing
agents, or other intruskons, Asphalt pavement cam experience softening and traffic-related
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ruttimg, as well as the migration of liguld asphalt to the bridge deck surface from alder or poorly
constructed pavements as well as resurfacing maintenance of the deck material. Asphalt rutting
may become a larger problem during longer perlods of summer heat on roads with truck traffic,
whereas some bleeding or flushing could accur with older pavements or those with excess asphalt
cantent, These problems should be avoldable with proper design and construction,

Fig: 1.18 Degradation of Deck Materials

Table: 1.0 Effect of Increased temperatures on bridge componeant

Consegoence - Possible Problem: and Damage

parved roads 1 More rapid drying out of moad

Increased cracking of dayey materials

Ircrezsed development of roughness (oormysstion)

Paved roads More rapid ageng of bituminous  binders
Soétering of bitumen in asahs® and more rapid deformation when hot
Expansion and buckling of conmrete roads

Losz of wemetation jor changes of species) on side slopes due to insufficent
water

Increased erosion due to loss of vegetation

Subgrade soils [ Firernal effects
Some shrinkage of clayeysoils
More movement of salts in slne moterials coussd by  noreassd
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Drainage [eater from wethin More rapid drying out, cadong and erosion
rod res=ree)

Losz of vegetation |or change of species) on side dopes
Miore wildfires causing loss of root binding
Drainage (waber from outside Greater expansion/oontracton of bridge elements
road res=ree)

Lammer termperatune pradiets in thick concrete members

Miore erosion and s#tztion due to drier ground condstions

Oicker reactions when cement stabilizing
Owidier drying of concrese

Greater water neguinements for cuning cononete and stabfized [ayers

Izinterenoe Eresuring wegetation iz kept out to minimize wild-fires

Regular maintenance of bridge movement components (beannzs  and

Table: 1.7 Effect of sea-level rise and storm-surges on bridge component,

Consequence - Possible Profblems and Damage

Linpaved roads Flooding and storm damage
Increas=d ercsion and silation

Liess of pass abikty

Paved roads Damiaze to rocd surfacing by salts ard water emmering
Depaosition of debris

Increassd subgrade moisture contertts ard reduced support
Loz of possibility

Increa sed salinity of soil water

Earthwsarks Increased soil moisture comtents with sea-leved rizse
Fluctuating moisture levels with storm surges

Redhoed zoil srengths

Sub prade soils Increa s=d moisture contents
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Drairage |(water from within fonumulation of water adjacent: to romd
road resenie)
Erosion
Softening of matenalz
Seoumulation of debris in drains
Dn.qu;: [water  from Scour of foundations
[rimie e Deposition of debris
Increased szit damage to conorete and steel structures
Construction Weitter conditions — reduced working windows
More saline waters
Il ai ntenaroe Increa sed maintenance in cosstal and low-hying areas
Increased repairs of damage caused by high sborm events |waves|

1.7.15 Subsidence

Subsidence is a general term for downward vertical movement of the Earth's surface, which
can be caused by both natural processes and human activities. Subsidence imvolves litthe or
no horizomtal movement, which distinguishes it from slope  movement.

Processes that lead to subsidence include dissolution of underlying carbonate

rock by groundwater; gradual compaction of sediments, withdrawal of fluid lava from
beneath a solidified crust of reck; mining; pumping of subsurface fluids, such as
groundwater or petroleum, or warping of the earth's crust by tectonic forces. Subsidence
resulting from tectonic deformation of the crust is known as tectonic subsidence and can
create accommaodation for sediments to accumulate and

Land subsidence can occur in variows ways during an earthquake. Large areas of land can
subside drastically during an earthquake because of offset along fault lines. Land subsidence
can also occur as a result of settling and compacting of unconsolidated sediment from the
shaking of an earthguake.!'™™

1.7.15.1 Seasonal effacts

Many soils contain significant proportions of day. Because of the very small partice size,
they are affected by changes in soil moisture content. Seasonal drying of the soil results in a
lowrering of both the volume and the surface of the soil. If building foundations are above
the level reached by seasonal drying, they mowve, possibly resulting in damage to the
building in the form of tapering cracks.
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Trees and other vegetation can have a significant local effect on seasonal drying of soils.
Ower a number of years, a cumulative drying occurs as the tree grows. That can lead to the
opposite of subsidence, known as heave or swelling of the soil, when the tree declines or is
felled. As the cumulative moisture defict is reversed, which can last up to 25 years, the
surface level around the tree will rise and expand laterally. That often damages buildings
unless the foundations have been strengthened or designed to  cope with the effect.!

1.7.15.2 Increase of flooding potential

Land subsidence leads to the lowering of the ground surface, altering the topography. This
elevation reduection increases the risk of flooding, particularly in river flood plains and delta

1.7.15.3 Earth fissures

Earth fissures are linear fractures that appear on the land surface, characterized by openings
or offsets. These fissures can be several meters deep, several meters wide, and extend for
several kilometers. They form when the deformation of an agquifer, caused by pumping,

concentrates stress in the sediment. This inhomogeneous deformation results in the

differential compaction of the sediments. Ground fissures develop when this tensile stress
exceeds the tensile strength of the sediment.

1.7.15.4 Machine lesming simulating and predicting land subsidence
Machine leaming has become a new approach for tackling nonlinear problems.
It has emerged as 8 promising method for simulating and predicting land

subsidence.
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1.7.15.5 Caunses of Subsidence

Huoman Activities:

o Gronodwater, Oil, and Gas Extraction: Pumping out these resources can cause
agquifers and swronnding sediments 1o compact.

o Mimnpg and Excavation” Underground mining and the constroction of monels or
large struciures can lead to the removal of supporting material.

o Saoid Compaction: Adding water to fine-grained soils, such as those deposited by

wind (leess), can cause them to Compact.

Wararal Processes:

o Tectonic Activity: Earthguakes and other tectonic movements can canse large-scale

sinking of land.
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o Glacial Isostatic Adjustment: The Earth's crust can slowly adjast afier the remowal
of glaciers,

o Erpsion and Dissalution: Erosion of underground materials. especially soluble
rocks like limestone, can creste empiy spaces that lead o ground collapse.

Signs end Impacts
Stmactural Damage: Visible signs include cracks in walls, cellings, and floors, as well as
milsaligned doors and windows.
Infrastructore Problems: Roads can buckle, and cosstal infrastructure can be submernged.
Environmental Comsequences: it can affect water supplies and damage vital Infrastructure.
Mirtigation and Prevention
Addressing Foot Causes: Implermenting sustalnable water management practices and
regulatimg groundwater withdrawal is cruclal,
Stmciural Eeinforcement Bulldings can be secured by processes like underpinning to
support the sinking foundations.
Monitormg: Technlgues lke the Global Positloning Systern [GPS) and satellite-based radar
(InSAR) are used to monitor subsldence rates and [dentify areas at risk.

1.8 Environmentsl impact on coastal struchime
The arrangement and details of piers, abutments, approaches, traiming works, and temporary
construction facilities, =o far as it is compatible with requirements of structural adequacy,
safety, economy, and aesthetics, should be designed to minimize local scour, obstruction of
flow, and inconvenience to legitimate interests.

Coastal structures: are the structures that are constructed near to the coastal areas for
different purposes. Different types of coastal structures are constructed under differemt
circumstances but the criteria to be used for the selection and design of specific type of coastal
structure must be authentic and comply with the standards. There are a varicus  set of
criteria that need to be considered in the selection and design of coastal structures.

= Structural stability criteria
= Functional performance criteria

Theze two areas are of primary concern for selection and evaluation of coastal structures.
Structural stability criteria are wsually associated with extreme environmental conditions,
which may cause severe damage to, or failure of a coastal structure. These stability criteria
are, therefore, related to episodic events in the environmental [severe storms, hurricanes,
earthquakes) and are often evaluated on the basis of risk of encounter  probabilities.
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Table 1.8 Climate Change Impacts on Coastal Zone Infrastructure

Climate Changze

Impacts

Inorease of temperature

Higher rate of evaporation of water bodies containing sweet
water, leading fo increasing scrcity of potaible drinking
waler.

The material expansion will impact stroctures, such as
bruildings, romds, embaniments, bridges, cubierts, sluioes, stc.

Inorease: of monsoon reenfall and intersity

Ionzoon rein causes floods, erosion of
embankmients and road infrastructure ard damape
to market ard howsing,

The rainwater aorumulating wethin the polders wall cause
water lomming arad inhibit normal End-use practios and impact
livelihoods.

Ircreasing mormal tide: levels wil fiood more ands of the
ooastad zone in terms both of extent and inundation time. In
some areas the extreme tide will overtop the polders. The:
roed and infrastructhures will be affected and inoreased

corsequent salinity will impact land-u=ze and local eco-
mystems. Overall inrezsed rizk to life and lvelihoods.

Figh winds

Potential damage to buildings, ghats, ebc. s well as secondary
damame from trees ard other debris. Impact by wind diven
wave action on embankments, bridge abutments etc.

Increase of the frequency of strorge opdiones including
Shorm Sumes

Cause damapges to, ervironment, infrastructure, resources,
exonomy and lveShood. Increased risk to [ife. Warter bodies
are cortamanated cauwsing saarce of drinong water and
impacting on heslth.

Boads are partally damaged when surge height is less than
im, and more fully damaged when the depth of irundation
exceeds Ime

Table 1.9 Climate stress area coverage and related hazards

Prominence of climate hazards

Southrwestern Satkhira, Khulna, Bagherhat,
coastal area and Fircjpur, Barguna, Barisal,
Sundarbans [SWM] | Patuakhali, Falokhathi, Bhota,
Shariatpur, Gopalgan;. kshaore,
Sursdarbans

Rainfall variability, river floods, ses- leved rise,
salEnity, tropical opclone, storm surges, drought,
extreme heat waves, extreme cold, ivesrbank
erasion ard lightring

Southrezst amd Mozkhali, Feri, Lakshmipur,

area (SEE]

Rainfall variability, river floods, sea- level rise,

Eucterm omastal Chattozram, Cow's Bazar, Chandpur | salEnity, tropical opclone, storm surges, drought,

extreme heat waves, extreme cold, rverbank
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erosion, lightming and andslides

Rivers, fioodplairs,
and =rosion- prone
aneas [FPE)

Nilphamari, Kurigram, Lalmonirhat,
Gaibandha, Rangpur, Bogura,
Sirajgan|. Pabna, Rajshahi
Jamalpur, Tangil, Maniigzanj,
Dhaiz, Munshiganj, Mymensingh,
Kishorganj, Syfhet, Brahmanbaria,
Narsinge, Marayanganj, Rajbari,
Faridpur, Madaripur, Gopalgani
Marsil, Sariatpur, Barisal.

Rainfall variability, river fioods, tropicl cpdones,
tomado, extreme heat waves, extreme cold,
riverbank erosion and ehtning

Patugihali, Bhola, Thalokathi,
Ehulna, Chandpur, Cumilla,
MNozlkhali, Lafeshmipur, Cow's Bazar
Haor and fiash Suramganj, Metrokona, Habsganj, Rainfall variability, flash fiocds, tropical oycione,
floods areas (HFF) | Kishorgnj, Sydhet, Maulvibazar, tomado, extreme heat waves, intense oold,
Brahmanbaria riverbank erosion, lightring and ndslides
Drowshi- prone: MNaogzon, Chapai Mawaby=nij, Rainfall variability, tropical cyclone, tomado
and barind areas Rajshahi, Bogura, Joypurhat, drought, extreme heat waves, extreme ookd and
{DaA) Rangpur, Dinajpur, Mehempur, lightning
Chudanpa, Kushtia, lashore,
Magurs, Iherzidah
Northern, north- Panchagarh, Thakurgzon, Rainfall variability, river fioods, fiash floods, tropical
WAESTEST) NEgion Hilphamari, Lafmonirkat, RBangpur, | opdone, tomnado, drowght, extreme hest weees,
(M) Kurigram, Dinajpur extreme cold, rverbank enosion, lightning and
land=fides
Chalanbes] and Pabina, Matore, Sirajganj. Rapshahi, Rainfall varizbility, river fioods, , tropical cydone,
low-hying area of Naozzon tomada,, extreme heat waees, extreme oold,
the north-westem riverbaink erosion and ehtning
region (CBL)
Chizr and istands Milphamari, Lalmaonirtat, Kungram, | Rainfall varizbility, reer fioods, sea- leved rise,
{CHI Gaibandha, Sirajgani. Jamalpur, salinity. . tropical cyclone, tormado, stonm surpes,
Mymensingh, Manikgani etreme heat waves, estreme oodd, river bank
Munshiganj, Shanatpur, Chandpur, | erasion, lightning, higher sea surface temperature:
Bhola, and ooesn acdifcation
Patuzihali, Feni,
Moakhali, Lakshmipur, Chattogram,
Cox's Bazar
Bayof Bengal and | Bay of Bergal {maritime boundary] | Rainfall variability, ses-level rize, tropical opclone,
acean [Baol) tomado, Stonm surges, extneme heat waves,

and ocean acdification
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L9 Climate change impacts, vulnerability and linkage with development in Bangladesh

Fipureld: Impact of Climate Change on Bangladesh

LA | | 2

Source: Bangladush: Strategic Progrom for Clizats changs (SPCCY Prapersd for the Pilot Program for Climats changs (PECC).
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Chapter — 2
Adaptationstrategy and methodology

2.1 Defining adaptation:

Climate change is a3 long-term shift in the planet’s average temperatures and weather
patterns, caused primarily by human activities like the burning of fossil fuels. Climate
change adaptation refers to the actions taken to prepars for and adjust to the unavoidable
impacts of these changes. Oimate change adaptation is the process of making adjustments
to natural or human systems in response to actual or expected climate change impacts,
such as sea-level rise and extreme weather events, to reduce harm or take advantage of
beneficial opportunities. Actions can range from large-scale infrastructural projects like
building flood defenses to behavioral changes like planting drought-resistant crops or
developing early warning systems. The goal of adaptation is to build resilience and
moderate the negative effects of a changing cimate on people, communities,
infrastructures, ecosystems and economies.

22 Adaptation can mvolve different types of mterventions, 1meluding:
Infrastructural:

Building seawalls, upgrading infrastructure to withstand extreme weather, and
developing water storage systems.

Institutional:

Creating new insurance schemes, implemeanting new policies, and improving access
to disaster information and early warning systems.

Beahavioral:

Farmers planting different crop vaneties, individuals checking on vulnerable
neighbors during heatwaves, and changing planting times.

Wature-based Solutions:
Planting mangroves, restoring ecosystems, and developing green roofs to reduce
urban heat.

Reactive vs. Proactive Adaptation

Proactive: Actions taken in anticipation of future climate change impacts, based on
projections and available data.

Eeactrve: 5teps taken in response to climate impacts as they are already  ooourring.
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2 2.1 Explanation of necessity of adaptaton

Ewven with efforts to reduce greenhouse gas emissions, some dimate change impacts are
unavoidable. Adaptation is therefore essential to protect vulnerable populations, ensure
food and water security, infrastructures and maintain economic stability in the face of
increasing climate variability and extreme events.

222 Climare Change Adaptation Strategies

Climate change adaptation refers to actions that help reduce wvulnerability to the cwment or
expected mpacts of dimate change ke weather extremes and hazards, sea level rise,
biodversity loss, food and water insecurity and damages of infrastructures or assets.

Adaptation refers to adjustments in ecological, social or economic systems in response to actual
or expected climatic stimuli and their effects. It refers to changes in processes, practices and
structures to moderate potential damages or to benefit from opportunities associated with
climate change.

In simple terms, coumtries and communities need to develop adaptation solutions and
implement actions to respond to current and future climate change impacts.

223 Climate Change Adaptation sctions

Adaptation actions can take on many forms, depending on the unigue context of a community,
business, organization, country or region. There is no ‘one-size-fits-all- solution"—adaptation
can range from building flood defenses, setting up early warning systems for oyclones, switching
to drought-resistant crops, to redesigning communication systems, business operations and
gowvernment  policies.

Many nations and communities are almeady taking steps to build resilient societies and
economies. However, greater action and ambition will be needed to cost-effectively manage the
risks, both now and in the future. Successful adaptation not only depends on governments but
alsa on the active and sustained engagement of stakeholders, including local communities,
national, regional, multilateral and international organizations, public and private sectors,
civil society and other relevant actors, as well as an effective management of knowledge.
Parties to the UNFCCC and its Paris Agreement recognize that adaptation is a global challenge
faced by all with local, sub national, national, regional and international dimensions.

224 Longtermclimate Change Adaptation Strategies

Adaptation is a critical component of the long-term global response to climate change to protect
people, livelihcods and ecosystems. Parties acknowledge that adaptation action should follow
a coumtry-driven, gender-responsive, participatory and fully transparent approach, considering
vulnerable proups, communities and ecosystems. Adaptation should be based on and puided
by the best available sdence and as appropriate, traditional knowledge, knowledge of
indigenous peoples and local knowledge systerns, with a view to integrating adaptation into
socioeconomic and environmental policies and  actions.
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& Methodology for Incorporating Climate Change Adaptation in Infrastructure Planning and
Design. More details, including the advantages and disadvantages of specific adaptation
strategies, are discussed in this document. Climate change practitioners, engineers, and other
stakeholders will find the components to develop a preliminary cost estimate that is valid for a
proposad project. Other aspects, such as technical feasibility and schedule, are also discussed
in this Section. it iz recommended that an in-depth inspection and load rating anmalysis be
conducted for a bridge as part of preliminary design considerations. Most international
standards reguire an engineer's report for the basis of design.

There are many comprehensive soluticns and adaptation options that address cimate change.
Some imvolve technology or innovative design, while others involve the use of differemt
materials. All cptions have their advantages and disadvantages, for instance: concrete is less
sensitive to dimate change effects, but harder to maintain. Some adaptation optioms may
involve a substantial one-time, capital expenditure [CAPEX), other solutions require incremiental
increases in normal business operational expenditures (OPEX). Monetheless, all strategies are
intended to assist with decision-making for building bridges that are climate-proofed. It is
important to note that schematic designs and graphic illustrations should be prepared at the
start of a project to convey the concept or imtervention to decision makers and community
stakeholders. Mot all adaptation strategies that make bridge structures more reszilient to climate
can be applied to existing infrastructure. Some sclutions involve modified design, such as
raising the elevation of the structure, and cannot be applied simply to existing bridges. However,
when a bridge is destroyed after a major weather event or near the end of its service life, it will
be important for practitioners to take opportunities to incorporate climate- proof designs into
the repair and reconstruction activities.

Climate change adaptation is an evolving field, with best practices and as-built case study
examples being refined globally in multiple environments and contexts. This Annex is mot
intended to be exhaustive.

Future bridge structores will have to adjust for the direct and indect impacts from
climate change. If these risks are not carefully considered in new construction activities,
they could prevent emerping countries ke Bangladesh from contimming thewr econonmc
and social development.

Dezign gundance revision 15 necessary to provide more robust bridges in the fuhore.
Eawvising exnsting pundelines requures changes to design entena, mcludmg considerations
for new and higher traffic loads, stronger foundations, and greater freeboard between the
water level and the bnndge surface.
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Climate adaptive techme/procedure
2.5 Adaptation Strategy/cycle

Adaptation strategy / cycle

P T Assess impact, it
il vulnerability and .- N
risks J
Monitor and evaluate Adaptation )
adaptation process Plan for adaptation
i ';I.E;I'E.IHM-IJ.‘;E.'& =
| provision al : ",
| financial and wﬂﬂw |
| technological | ]
- Support # of engagemient 5
o Implement —
o - adaptation
7 Strengthening ., measures ,
i Technizal and '-I \
instiutinal 3 |

Fiz- 2.1 The figare above shows the adaptation policy cycle and support offered umder the UN Climate
Chanze repima
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2.6 Climate adaptrve techme/procedure

Table 2.1 Adaptation Measures for Infrastructure

Exireme temperaiures Ulse stronger materials search  amd  fechoology
Mare intense rainfall ﬁsestmngu'malai.:]s stndies im;rm
. ; i and  construction
Improwve surface drainage capacity & cod
(ncrease pumping capacity af high valwe sites and
stical inf
Traffic information system for the pahlic
More river flooding Faize embankments Modelling smudies
Songer erosion protection for embapkments (geo-
e
lead-oime for flopd forecasting system
Increase pumping capacity at hizh valoe sites and
stical inh

58 [IVeT COOVEYaNce CApacity

capacity of drainage stuctres (oobvents,
. bridges, e}
Traffic informaton system for the public

[rabiris damage andl{fze stronger material

e Ml

blockage .
Imprerver storm and flood waming system Employ
jEmeTFEnCY response team m key districes
SEOTI SULEEs Faise embankments Podellmz snedies
Sronger ercsion protection for embankments Increase
Tiver COmveyanoe capacily
Traffic information system for the public
Baline intrasion [Improve embankment protection Augment dry season [ntegrated water Tesources|
miver flows management
ﬁ.ﬂ.ﬁl@n&:mnjngﬁsm ﬁmpmwaaﬂynamingsjrmlnuaasesheha' Hndeﬁiu.gsmﬂjﬁ
capacities
Traffic information system for the public
Localized subsidence Training

Fummwmmi:mingsrm
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2.6.]1 Factors would be mainly considered 1n Bangladesh Perspective

Table 2.2 Engineering Environmental Factors

Impact Factor Drescription

Construction hMaterials WVery limited options with respect to locally avallable natural materials—
ltalc fine sediments with some sand for embankment construction and
cally preduced engineering quality bricks. Stone aggregate has to be
ported from cutside the region.

Climate/rainfall discussed In the abowe sectlons—a monsoonal climate with regular
cyclane events dominates the environment.

rface and sub-surface relative protection afforded by the polder system Is a crucial lssue in
E:,Iu:lrl:ll-lzllgllI ing on the climate adaption measure, 5aline flooding and
nsequent lack of sultably salt-free water 5 a significant factor In the use
concrete In construction,

(Terraln flatter rain reflects the geologlcal and geomorphological history and
er with the climatle factors contributes to the high static and

e flood risk for the region,

Sub-grade and foundation natural sub-grade and foundatlon materals are weak and
conditions mipressible. CERs likely to be 2-3%.
|Road Task (Traffic) mited traffic data Indicates a preponderance of lght wehicles

nalderation still needs to be given to the possibility of at least so
awy vehicles and the risk axle over loading,

Construction Regime vidence gained form site visit sand In discussion with local engineers|
dicates a weak constructlon regime characterized by generally poaor
ecification compliance, and In partlcular:

of adeguate earthwork compaction Inadeguate construction
pervision Difficultles with appropriate plant avallability Some
difications to speciflcations required

pdaintenance Regime ugh the Gowernment of Bangladesh is officially committed to th
rinclples of routine and periodic maintenance, which for the rural road
Is primarily handled through LGED, there s stlll an evident

artfall In funding.
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2.6.2 Adaptation strategies aim to reduce the impacts of specific types of climate effacts by
identifyimg and prionfizing adaptation options, which could inchode:

Protecting existing assets or relocating assets away from vulnerable areas to

preszerve functionality

Retrofitting vulnerable facilities

Improving overall catchment/storm-water drainage

Constructing new facilities

Do little or nothing and divert funds,/efforts to facilities with greater  priority.

Alternatively, a strategy aims to reduce or mitigate the consequences of the impacts to
infrastructure for impacts that have already occurred, with the purpase of, for  instance:

Preserving human life

Reinstatement of formeraccessibility

Minimizing economic impact

Replacing damaged infrastructure as quickly as possibla
Changing maintenance regimes.

As discussed in the accompanying Visual Assessment Manwal and in the introduction to this
Guideline, all adaptation measures implemented are dependent on the available funding and
in countries like Bangladesh with limited budgets, most adaptation measures on the existing
infrastructure are likely to be reactive, using emergency funding after events ooour.

2.6.3 Adaptation strategies determination of wave parameters:

The AASHTO Guide Specifications include three analysis levels for determining wave
parameters. & Level | analysis is the simplest and generally most conservative method. Level I
hydrodynamic analysis is a mid-level approach bazed on using improved data usually

determined through simulations of the sea state. Level Il hydrodynamic analysis involves
advanced numerical simulation of the sea state.

& Lewvel | analysis is used for superstructure replacement or maintenance projects. A Lesvel (I
hydrodynamic analysis is used for new or full replacement projects unless the State Structure
and Bridge Engineer determines a Level lll hydrodynamic analysis is necessary. The hydraulics
engineer will perform the Level |, Level Il or Level Il analysis.

The following praject specific design parameters are to be included for hydrodymamic analysis:
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Location of the bridge
Elevation of the bridge

Bridge span dimensions, shape, and low chord height above storm water
lewvel

Water bathymetry

Storm fetch length orientation relative to the bridge location
Fetch and fetch angle for the wave ssgments

Fetch and fetch angle segment for local wind  set-up/set-down
Design storm wave height and period (wave length)

Design wind welocity

Design storm water surface which comprises of astronomical tide, storm
surge, and local wind set up

Sea Level Rise projection for the design storm year [which shall be taken as 4
feet for all vulnerable new or full replacement bridges)

Design water current velodty should be defined and then implemented.

2.6 4 Barsethe elevation of proposed stucture to avold flooding

#An option to protect bridges is to increase the elevation of the structure by raising it to protect
against flooding and accommodate changes in higher tides and storm surges, associated with
sea level rise. This strategy allows roads to be built and located in vulnerable and exposure areas,
with a low risk of flooding or susceptible to mud flow, peological collapse, or foundation
deterioration.

Since the design of most structures utilizes historical cdlimatic data, induding documented peak
flowis, the new design elevation should be abowve the historical peak and projected future high-
water level to offset the alteration brought by changes in  precipitation.

If raising the struchure and associated approach roadways is feasible, this option can be effective
in protecting against flooding.

Advantages

= A protective measure against increased freguency of flooding, mud shides, or physical
deterioration of bridge structural systems due to climate or severe  weather

* Allow infrastructure to be built on low-lying or vulnerable areas
Disadvantages

» Raising the elevation of the structure can pose a design challenge to  engineers
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= Motable increase in CAPEX; substantial amount of material needed to raise the structure
Indicative Costs
Cost of additional building material
Timing for Implementation

Manning and design time required. Actual construction time needed should be similar to typlcal
bridge projects.

Feasibility and Technical Reagnirement

Requires project engineer to consider the alternatives, technlcal feasibllicy and consequence of
ralsing the strocture.

2.6.5 Despen bndge footings fo protect against the effects of changes mn the flow of river

The flow of water can turn from slow to rapld In a short amouwnt of time that can exert a strong force
on a bridge foundation. A stronger foundatlon can protect a bridge from collapse due to the effects
of the stronger flows aszoclated with extreme precipitation events,

For new bridge projects, engineers can deepen the bridge footings — the enlarged portions of bridge
foundatlons that rest directly on soll, bedrock, or plles = to protect against the effects of changes In
the flow of rivers. Deslgning and constructing deeper bridge footings can provide a stronger, more
resilient foundation.

Advenmges
= A protective measure against unantkcipated changes in the flow of rivers,

* Protect a bridge from collapsing due to incapability of withstanding unexpected force - resulting
in potential sawings due to avolded damages,

Diisadventages
= May encounter design challenges if geclogical conditions are complex

= Higher CAPEX that often invalves all elements of a bridge (e.g., deck, foundation, approach
roadway, andutilithes)

Indicative Costs

Cost of additional material

Timing for Implementation

Could be incorporated Into design immediately

Feasibility and Technical Begnirement
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= Meeds to be re-designed according to professional bridge guldelines and standards, and by &
licensedenginesr

= Alteration of the roadway connecting to the bridge may be needed as well as relocation of
utllities that are often affixed to the bridge deck

2.7 Infrastructure proteciion and dramage

2.7.1 Improve orupgrade stormwater management systeni

Storm water runoff coming In contact with the different components of a bridge structure, thereby
creating conditions for deterloration and instability. Insufficient capaclty of the dralnage system can
cause water to remaln efther on or within the bridge structure. Damage may be minimized by
Inproving or upgrading the storm water dralnage system in the catchrment drainlng through the
bridge structure to Increase water infiltration and reduce excess runoff. Improvements to bridge-
related storm water management also can reduce bridge deck runoff pollutants that flow Into a
recalvimg river and landscape,

Adventages
Can be Integrated into existing bridge system
Diisadventages

* Imcrease In both the CAPEX and OPEX due to costs assoclated with assessment, prioritization,
design, and installation of retrofit opportunities for storm water system, bridge deck dralnage,
and the conveyance network.

= Meed careful planning and may not be suitable In all locathons,
* Maintenance Is required and necessary in maintaining proper dralnage.
Indicative Costs
= One-time capital and Installation costs,
* Recurring malntenance costs,
Timing for Implementation
* Installation of bridge deck drainage retrofit or other storm water management Improvement
over 3 to emonths,

Feasibility and Technical FEequirement

* Enginesrs and storm water speclalists to design storm water management for the deck surface
runoff

= Skilled labor to perform makntenance
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2.7.2 Stabihze stream banks to prevent erosion and to protect against bndge scour

Bridges that are located near stream banks or traverse across streams orf waterways are exposed to
severe eroslon that can deterlorate foundatlons and eventually damage a bridge. Extreme weathear
events can cause eroslon to occur more frequently as they can generate flash floods.

Stabllized stream banks can prevent ercsion and protect against bridge scour. Bridge scour Is one of
the main causes of bridge fallure and collapses: protecting bridges agalnst scour ls very Important
when evalusting adaptation options. Protection against bridge scour and stabilization of stream
banks can be done by Installing revetments, gablons, fprap or other measures such as an increase In
vegetathon,

Adventages
* Could be implemented in the near-term as a generally cost-effective and efficlent measure
= Stream bank stabllization can have numerous positive Impacts on the environment
= Minimizing erosion can indirectly reduce the risk of flooding

Diisadventages

Some level of maintenance needed to ensure objects Installed (cubvert, gablon, etc.) are not
damaged after ralnstorms and are maintalned in good working order.

Indicative Costs

Cost of material, landscaping and professional design services.
Timing for Implementation

immediately

Feasibility and Techniczal Fequirenvent

Technlcal expertize reguired to asses and incorporate stabilization techniques.

273 Adaptationophons toprotect against sea levelnse and increased intensity, duration
and frequency of storm surge

Sea level rise along with combined threats from strong storm surges pose a great risk to coastal
bridges. Several measures should be consldered and used Indheidually, er In combination, on future
bridge projects to protect against these climate stressors. Declslon-makers can Integrate numensus
adaptive measures Inbo the new bridge design to increase the structure’s resilience. A sample list of

measures includes:

* Open-faced rallings - to reduce weave forces and distribute water flow on & bridge deck. Rallings
need to adhere to testing and crash-worthiness standards;

= Rakslng plers = to elevate the structure above historic and future peak wave helght and water
levels, |deally, a new structure should be constructed above historic and future peak levels;

however, depending on the bridge structure and its footing design along with other componenits
Page | 41



like locatlen and expected life of the bridge, the new elevation can vary and feasibility challenges
rmay prahibit implemeantation;

Lengthening plles — depending on the bridge type and compressive loads on & bridge, to
accommodate large antlclpated wave loads, longer columns can be used and driven desper into

thie soll and bedrock, in order to provide a stronger support to the structure;

= Use maore righd connections made of formed concrete to prevent decks from fleating off bridge
pers when strong storm surges and waves exert extreme force on bridge decks; and

* Slve-specific protective structural or soft armaoring measures applied around the base of a bridge
imcluding scour apron or blanket,

The design for these types of protective measures can be challenging and very costly. Decision
makers need to consider the quantity of traffic utllization, scale, expected senvice life of the
structure, and cost-effectiveness before applying these protective measures,

Advantages

= if Installed, these protective measures can be very effective in bullding resillence agalnst storm
surge, wave and water forces

* If elevated above historical peak or future helghts, bridges could operate during extrems events
and provide a safe evacuation route

*  Possibly reducing or avalding costs to implement future remediation

* Longerservice life for bridges compared to those without protective measures

Diisadventages

= Slgnificant increase in CAPEX —varlable depending on whether one or more type of measure |s
Selected
Indicative Costs

= High upfront cost, specific cost will be dependent on the type of protective measure
implementad

and design factors
Timing for Implementation

The time frame varies depending on the type of protective measure implemented and design
factors.

Feasihility and Technical Bagnirement

A high level of technlcal expertise in multiple disciplines is generally needed, and varles depending
on type and scale of structure
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2.8 Operationand maintenance

2.8.1 Increass frequency of bridge mspection and repair

Increased frequency of bridge Inspection and repalr |5 another possible adaptation option. While
some damages caused by climate stressors can cause bridges to collapse, other damages are minor
In mature and would not posa an immediate threat to the structure or safety of travelers, but could

build up over time and uldmately result in bridge fallure.

Conducting bridge Inspections and repalrs more frequently can ensure that incremental damages do
not worsen and are repalred before causing substantlal damages to the bridge.

Adventages
= Prevent minor damages from becoming severe
= Protect against extreme weather conditions
= Preserve the expected life of bridges
* Eliminate the need for emergency repairs
Drisadvantages

* Disruption to traffic during inspection and repair; disturbance to traffic can be minimized by
scheduling malntenance at low traffic hours or weskends,

* Higher OPEX — need additional workers to conduct inspections.
Indicative Costs
Minor increase in operational costs
Timing for Implementation
irmmediatehy
Feasibility and Techniczal Fequirenvent

Requires experienced workers to Inspect and identify damages

2.8.2 Traffic and loading management

Regardless the type of adaptation strategy selected to improve the reslllency of a bridge to climate
chamge, it needs to be accompanied by traffic (multi-modal and pedestrian in some cases) and truck
load management. Climate change 5 likely to Intensify severe storms, storm surges and intense
precipitation, and require maore freguent emergency response from transportation officlalks.
Therefore, transportation and traffic officlals should take a pro-active approach In dealing with

climate extremnes, for Instance:

* Mapping, rating and prioritization of voinerable travel routes, such as those that are becoming
more susceptible to flooding that Is combined with route statistics (usage, Infrastructure type,
access to travel markets, etc.);
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= Establish emergency plan In coordination with other jursdictions to divert traffic to alternative
rautes when primarny routs becomes Inaccessible due to climate-related events, safety or security
conoerns; amnd

* Create and malntain an emergency operation budget that can immediately be used for
EMETgency response pUIpases.

Having emergency response plans established before a disaster ccours can improve the
preparedness of officlals to deal with the iImpacts of such climate extremes.

in addition, traffic management policles can be applied to further protect bridges from damage from
climateextremes, including:

= Apply & loading restriction that manages the incddence of heavy traffic treveling on a bridge
structure during the time of a day when bridge usage Is the highest. This action can reduce bridge
fatigue and maintaln expected service life of bridges; and

* Increase frequency of temporary road closure to perform maintenance on road and repair minor
damages before damages worsen the conditlon of the bridge.

Adventages
= LowCAPEX.
* Further protects bridges and its users,
Diisadventages
Requires broad government cosrdination scross sectars and levels
Indicative Costs
Paolicy an adminlstrative cost
Timing for Implementation
irmmediatehy
Feasihility and Technical Requirement

Enowledge In emergency planning and response needed.,

2.9 Steps of methodology for incorporating climate change adaptation.

Step -1. Establishes the context of the assessment defining the asset and the dimate
impacts that will be the focus of the assessment.

Step —2. Considers the vulnerability [exposure, sensitivity, and adaptive capacity) of the
assets screening those that require more detailed analysis.

Step -3. Identifies, analyzes and evaluates the subsequent risks [combining likelihood with

CONSequUeEnces).

Step - 4. Develops adaptation strategies to address the maost significant  risks.
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Step - 5. Guides the implementation,
monitoring and  evaluation of
adaptation solutions.

2.10 Approach to Fisks Management

Risk management may be wviewed &s
sequential amd Ferative process of
managing project risk reguired to be
repeated throughout the lfetime of the
Program and starting with the
identification of risks that threaten the
success of the project. The risk
management process comprises a oycle of
measures/ actlons as shown In Figure -2.2

The areas are a5 follows:
Identifying Bisks:

Figure 2.2: Bizk Management Process

In this first step of the risk management process potentlal risks, events, factors, and other ltems that
threaten the success of the project are identifled. The risks are threats to the scope, quality, schedule,
budget, personnel, procurements, and other things of iImportance. The goal of the first pass through
this |dentify Risks step is to create 2 master lst of all potential risks to the project. New risks whenever
Identifled are added to the risk register/ Spread sheet.

Analyzing & Prioritizing Risks:

In this second step of the risk management process, each ldentified risk B analyzed to create a
priaritized ranking.

Plapning of Fisk Responsas:

In this step, responses are developed for the varlous risks In the risk register. These responses mre

essentlally the individual plan or plan that to be implemented to minimize the likellhood and/or
Impact of each significant risk.

Monitoring Risks-

Once the risk reglster is complete, the rale of project management ks to monitor the individoesl risks
contained thereln and update the reglster on a period basls and/or as new risks surface.

Communmication with Stakeholders:

A primary role of Project Management 5 communicating to key stakehelders about the status of
project risks, thelr collective cost/schedule/guality/scope exposure, response plans, and the
resclutlon of lssues as they arise,

Eesponse to Issues:

When a rizk i realized, it s no longer technically consldered to be & “risk,” but instead it ks referred
to as an “lssue.” In the diagram above, this is llustrated by the fact that the Respond to lssues step Is
technically outside of the Risk Management process; It B an ssue that the project meeds to
schedule/budget/plan.
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2.11 Adaptation framework (from TTSAID global research on chmate changs)

2.11.1 Step . Establishing the context

STEP I:ESTABLISHING THE CONTEXT

| DENTFY CLIBMATE IMPACTS
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Fig: 2.3 (Establishing the Context)

The first step im the owerall approach is to define the service to be delivered by the
infrastructure activity in the face of future climate change. Establishing the context notably
includes defining the service to be delivered by the bridge infrastructure within the context
of future climate change.

2.11.2 5tep 2: Vulnerability assessment

STEF 1 YULNERABILITY ASSESSMENT
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B e dasas] pagarsad il enpsisd B -
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Flg: 2.4 [Vulnerability Assessment)

The second step in the overall approach considers the degres to which an infrastructure asset
is susceptible when exposed to hazards identifying those that warrant more detailed
investigation in 5tep 3.

The vulnerability screening involves understanding an asset’s vulnerability to specific climate
change impacts over time. Climate-Resilient Development: A Framewark for Understanding

and Addressing Climate Change 4 defines wulnerakbility as a function of an asset's exposure,
sensitivity and adaptive capacity to a specific climate hazard.
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2.11.3 Determiming asset sensitivity

Sensitivity is the degree to which a system is affected, efther adwversely or bensfically, by
climate stressors. For example, 3 wooden bridge may be more sensitive to wildfire than a
concrete bridge due to the potential damage that fire may cause to the wooden comstruction
materials compared to concrete construction materials. Table 3 outlines the levels of
senszitivity ranging from Not Sensitive to High Sensitivity. Using this scale, project elaments
that are rated as having a Moderate or High Sensitivity would be deemed vulnerable to the
climate impacts azsociated with the relevant climate hazard and be the foous of the risk
assessment. To help inform sensitivity assessments, Table 4 provides a summary of the likely
sensitivity of different types of bridge infrastructure to different climate hazards. Noting, that
the sensitivity of a bridge will be dependent on its construction materials, Table 5 summarizes
the sensitivity of different materials to various climate variables in temperate climates.

Table 2.1: Levels of sensitivity to climate change impacts

Level of Defimition
i
NOT
Sensitive = Mo infrastructire service disruption or damage

= Localized infrastructure service disruption; no permanent damage
« Some minor restoration workrequired

= Widespread infrastructure damage and service disruption requiring
moderate repains

= Partial damage to localinfrastructure

= Permanent or extensive damage requiring extensive repair
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Table 2.2: Probale sensitivity to climate change impacts
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2.11.4 Step 3: Fisk assessment

STEP 1: RISK ASSESSMENT
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Fig: 2.5 [Risk Assesment)

The third step of the approach enables practitioners to consider risks once the wvulnerability
of an asset or project has been established. A risk assessment provides an analytical
framework with gualitative descriptors for likelihood and consequences in a resulting risk
matrie. Only those assets that have been identified as vulnerable in 5tep 2 need to be analyzed
for risk.

Risks are often expressed as the combination of the consequences of an event and the
associated likelihood of it ooourring:

RISK = COMSEQUPENCES = LIKELIHDOD

This approach is aligned with traditional risk management principles (e.g. 150 31000:2009 Risk
management—Principles and guidelines). Exposure and sensitivity data gathered in 5tep 2
can be used to inform the rating of likelihood and conseguences.

2.11.5 Determining risk acceptability and adaptation

Based on the cutcomes of the risk analysis, itis necessary to determine and priortize those
risks requiring treatment with appropriate adaptation measures. Risk acceptability criteria
need to be defined to guide the determination of which risks are determined to be acceptable
and the miost significant risks requiring treatment (i.e. adaptation planning].

Often the risk evaluation is led by a project funder or leader, rather than the technical staff
who lead the risk analysis. Decisions on risk treatment should take intc account the
acceptability of external stakeholders that are likely to be affected.
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Table 2.4 : Example Cleslitative definitions of likelihood
“Level of Likelhood [ Definrtion

Almost Cartain :mﬁhmwnhhiqrunﬂmm

Descriptor for consequences

= AszetDamars: Permanent damage and f or loss of infrastructure.

= Laoss of Service: Wide spread and extended [several weelks) intermuption of service of the
agreed Leve| of Service: result in extreme contractual penatties or combract breadh.

= Pmancial Toss: fsset damage » apmusl maintenanoe budget or 75% of CAPEX value.

= Health/Safety: Substantial changes to the hesith and safiety profile ;risk of multiple fatalities as 3
result

Thizazmmes

of exhneme events.
= Bepaation bmeversible damapes to reputation at the national and even in temation all
evelPublicoetrage.

= Aszet Damaze: Extensive infrastructune damage requiring extensive repainPenmanent loss
of local infrastruscture senvioes.

= Loss of Service: Wide spread and extended [several days]) intermuption of service for kess than
50 of the apreed Lewel of Servioe; nesult in sevene contractual penatties.

= Fmancial Toss: fAsset damage S0P of annual maintenance budget or 25% of CAPEX valee.

3 ﬁ}ﬁﬁafﬂt}'iIﬁﬁuﬂthwhﬂllhiliundnflrmﬂhrhtnfmmmudm

a5 3 result of extreme events

= Bepuaion Demage to reputation at national level; sdverse national media coverage;
Governmenit

Bpenry questions or enguing Sgnificant decrease in oommunity suppaort.
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Aszet Damazz: Damage recoverable by maintenance and minor repair  Partial loss
oflocalinfrastruschune.

Servioe- result inminor contractual penaites.
Fmmncial Loss: Asset damage » 1074 but < 25% of annual maintenance budges or 5% of CAPEX
walue.

Health/Safety. Moticeshle chamges to the health and safety profile, risk of s=vwere injurkes as 2
result of

Exireme events.
Repuiation: Adverse news in media /Significant community resction.

Lass of Semice Loclized intermuption of service for less than 10% of the agreed Level of Service.

Fmamncial Loss: Asset damage » 5% but « 108 of anmual meinte nence budget or 158 of CAPEX
walue.

Eza'th Sadzty Shght changes to the health and safety profe srisk of minar injuries 25 a result of
Extrerme events.
Rapuniation: Some adverse news in the locl media Some sdverse reactions in thecommunity.

Aszef Dimmage: Mo infrastructure damage.

Loss of Service” Loclized interruption of serviee fior kess than 1% of the agreed Level of Service
{Lo5).

Fmancial Loss: Sseet damage < 5% of anmual maintenance budget or negligible CAPES value.
Ealhh-fﬁafﬁr. Negligible or no changes tothe health and safety proflle or fatalities asa result

Extreme events.
Bepuiation: Some public ssenensss.
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Table 2.6: Risk rating matrix

“Tewel of Hisk Consequence Level

Tomgmificest Blner fModara Emﬁ Catastrophic [ 1)
1}

Severe (15) Hisghly sewere Highly sewere (15
{20

Severe [13) Severe | 16)

Severe |17}

Lkl ood Lewsd

Table 2.7: Example responses and acceptability for different levels of risk
Level of Tk Diefinition

HIGHLY SEVERE *  [Extreme risks demand urgent attention at the most senior level and cannot.
be smply accepted 25 2 part of routine operations

g ':I

operations withCut exacutive sancrion, but they are the resporsibility

of the most serior operatonal maragement and reparted upan at the

executive el

+  These risks are rot acoeptable without treatment

= Hediom risks @n be sxpected o form part of routine operations, but theywall
MODERATE 5-10 ﬁﬂﬁlﬁ mﬁl i

+  Thes= risks are possibly acceptable withouttreatment

= Low nisks wall be maintzned under review, but itis expected that sxistng
oontrols will be sufficient and no further action will be required to treat them
ML unless they become more severs

=4 *  These risks @n be acceptable without treatment
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2.11.6 5Stepd:Developing anadaptationstrategy

STEP 4: DEVELOPING AN ADAPTATION STRATEGY

DEVELOPMIENT & COMPARISON OF
ADAPTATHIMN RE INEEE

i il ErgEnesnr deeggn he o

chamgges angacts Whust s the oy

STEP 4 n o
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- T .:,r_,' AL N ST firi b

Fig- 2.6 : Developing and adaptation Strategy

Once the degree of vulnerability has been established and the most critical risks have been
identified, a decision can be made regarding how to address the risks. A range of appropriate
adaptation strategies are available when preparing for and adapting to climate change
impacts. Selection of a strategy is dependent on a number of factors, including location,
temporal scale, and the specific mpacts faced.

Understanding the available resource base to implement the infrastructure activity will also
be important. While some adaptation options may require litthe resources [e.g., training or
maonitoring) others may prove more  cost-intensive.

Four generally accepted types of adaptation responses that can be implemented include:
1} accommodate and maintain; 2) harden and protect; 3) relocate; and 4) accept or abandon.
These strategies can help categorize various adaptation responses for new and existing
infrastructure [Table 10} and understand the wvarious advantages and disadvantages of
selected responses (Table 11).

Examples of adaptive enginesring design options specific to bridge infrastructure are provided
in Table 12.

Takle 2.8: Approach To adaptation strategies

Smaesc Approach Adaptation Strategy
“Fxisting InfAsmctre " New Infrstrucre
Accommadzte and - Extend, strengthen, repeir or rehabilitate over time. |+ Design and build to allow for
MiEntain ) . furture uperades, sbensions o
*  Adjust operation and mainterna o resular repairs
Harden and Protect *  fAdd supportive or protectiee features stametards

| .‘I:ll]:l:lltl‘ﬂil‘ltl‘l:lr 5 n@hmqﬂf"ﬂ‘h
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[ dirertrisk from dimate change
[ - Keepasis, sccepting diminishedlevel of service - Construct based on current cimate,
| ooept or Alandon servioe or perfiommanoe

Table29:  Advantages and disadvantages of adaptation approaches

"Sumegic Approach Aihmanfages Disadvantages
*  Less onsthy »  Requines moniboring. possibly frequent repairs,
Aorommodate and *  Mone pragmatss and flexble, allows adjestment adjustmerts, o mone Ngorousoperations
Kaintzin ower time as mone dimate chamge data ]
beomes avaitable =  Neoesitates desipn for more fledbieor
upgradeshle structure
Handen and Protect Prosctive »  Miore costhy
*  Straaghitforward to smplement andjustsy = Azmumes nezsona by aoourate dimateforecasts
[ hore costly
Relocte Proschee =  Sub-optimal location maydeonezse:
period of perfiorma noe or servioe

" e S g s e 3w
derision-makers and beneficones toexpect
fooept or Abandon *  Fipewira up-front oost lower perfonmance or servioe

TABLE 2.10: Examples of engineering adaptation options for climate adaptation bridge infrastructure

Bdaptartion shrateges that addrecs fiooding and reduce its impacts on bridges fall urder two
lbroad catepories:
* Protect bridges from da mages cavsed by flooding by strengthening the brdge piers and

wiithin the catchment ares dirsining thnowgh the bridee structure, or diverting high flows o
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P T

7 riskstructurescanberei nfonoed, partioulartybo protec: sgzinst soouring of bridge piers,
- - * colurmnes, orfoundations
= Treatmetal components of the brides to resist comosion due bo inoneased exposune to slinity
ez Level Rise and Storm:
Surge
, B N T ¥ R i T P oo 4 W Py
T | deck surfape matenals:
] k
temperature

*  Uzepaving materials that are more resistant to expansion inextreme heat conditions
Extremne Heat, Hestwaves = Sral-srale brivged built wath timber ane 2t ridcoof destruction inestreme heat causing wildfines
and Wilkdfires = Build small-sc=lle bridges with heat resistamt matenzls or use coati ngs
| = Mlairtzinand implement wegetation mansgement practices that aim o minimize fire iz

2117 STEP5 IMPLEMENTATION

STEP 5 IMPLEMENTATICFMN

BESTPFRACTICES MONITORING & EVALUATION
lhcorpurdle lessmrm merrsss] m hfuos SAEIL ] i el il Tow i
: LSt i CeCEr R, i reth S16SE

Fig: 2.7: Implementation

2.11.8 Momtoring and evaluation

Muost projects and programs include monitoring and evaluation activities that can be adjusted
to cover climate change risks. If feasible, embedding dimate change risks in an existing
maonitoring and evaluation framework is the preferred approach, rather than developing a
stand-alone climate change risk monitoring and evaluation framework.

Ongoing monitoring and evalustion activities can help consistently adjust the risk assessment
and management approach, and support development of risk treatments that are effective,
contribute to improvements in risk understanding, detect changes in external and internal
conditions, and identify emerging  risks.
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Monitoring and evaluation should be based on robust and simple to measure quantitative and
qualitative indicators. Careful consideration should be given to the cost efficiency and ease of
measurament for the proposed measures. Information can be collected and analyzed through
both particdpatory and external evaluation. Local communities can take  a very active role
in monitoring tasks.

2119 Commmumicafion and consultation

Climate change risk communication activities should ideally form part of the overarching
outreach and communications plan for each infrastructure  asset.

Communication and consultation should ideally take place during all risk mamagement
activities. A robust and consistent communications plan incduding conzideration of potential
climate change nisks and selected adaptation options should be developed in close
collaboration with implementing partners and stakeholders. A communication plan should
outline how the findings of the analysis will be made accessible to support decision making
and general awareness raising for both technical and non-technical awdiences.

Different target groups (e.g., government agencies, businesses, communities, and women and
children) and different communication vehides (e g., workshops, reports, animations,
summary sheets, and fact sheets) should be considered. Ongoing communication and
consultation activities can support the development of appropriate objectives and
understanding of the local context, help ensure that climate risks are comrectly identified, and
help build consensus among stakeholders on the findings of the risk azsessment and the risk

treatment selected for implementation.
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Chapter 3
Adaptation measures and considerations in design stage

3.1 Designconsiderations

There are manmy guldelines and codes avallable for the design and construction of larger structuras
using concrete and steel, such as Overseas Road Note 9 (TRL, 2000). However, little gulidance ks

generally avallable conceming small structures. In this respect, the guldeline document Small
Structures for Fural Roads: A Practcal Plamming, Desizn, Construction & Mainftenance Guide
[Larcher et al, 20010) provides comprehensive Information to assist engineers and techniclans in
the planning and provision of small road structures,

3.2 Clmate adaptation considerations m bndge design

Climate resiliznce is the ability to anticipate, prepare for, and respond to hazardous events,
trends, or disturbances related to climate. Improving cdimate resilience involves assessing how
climate change will create new, or alters current, climate-related risks, and taking steps to
better cope with these risks.

In the Coastal fone of Bangladesh there about 19 districts which are vulnerable to climate

change effects of Sea Lewvel Rise, Cyclones & Tidal Surges with heavy wind and rainfall,
increased Salinity etc. Effects of these are very much detrimental to the Structures like Bridges
& Culverts which are in direct contact with saline water and polluted air. Atmospheric CO2 is

@ major cause of reinforcement corrosion of bridges. Temperature rises will also increase
corrosion rates. Corrosion damage is disruptive to society and costly to repair. Sea level rize,

Cyclones & Tidal surges along with river flow will increase the HWL or 5WL of the inland river
at bridge pointwhich need to be addressed properly.

For coastal zones, the following climate adaptation measures were considered or undertaken:

provided climate resilience concrete

provided epoxy coated reinforcement

increased clear cover of reinforcement

increazed lap length by 25% for epoxy coated reinforcement
considered increased HWL or SWL following sea level rise of 47 om as per

BWDEB studyfor Coastal Embankment Improvement Project (CEIP; Phase-1)
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The other part of the country outside the 19 districts of the Coastal Zone, there is very few or
no effect of salinity. But the effect of climate change is found to be there in the nver system
as increased rainfall and surface runoff, discharge, water level, sediment flow, river bank
ercsion, soour under pier and abutment etc. demanding the need for increasing length, height
of the bridges, river bank and approach protection and pile capacity [foundation strength)
determination for making those cdimates resilient

A study conducted by Dr. Mostafa and Imran Khan of BUET on “Potential changes to the water
balance of the Teesta River Basin due to Climate Change” was published in the American
Journal of Water Resources, 2019. The study reflects the results of GCM solutions for 2080s
with four scenarios: Wettest, Driest, Warmest and Coclest. For the wettest scenario, the mean
rmonthly flow at Dalia Point in the month of June will be increased by more than 50%. The Peak
flow also will be increased by 18%. Even for the driest lean season, the monsoon flowe may be
increased by as much as 15% creating more unbalanced condition in the future.

Another study conducted by Mondal et al on “Assessing High-End Climate Change Impacts on
Hoods in Major Rivers of Bangladesh using Multi-Maodel! Simulation™ published in Global
Scienceand Techrology Journal Vol& No 2, June-2018, provides the changes in Peak water
levels and discharges at 7 locations in Ganges, Brahmaputra and Meghna Rivers under
potential climate change by the end of this Century which ranges from 25 cm to 72 cm increase
in peak water level and 5% to 29% increase in peak  discharge.

MNational Adaptation Plan of Bangladesh (2023-2050) published in October 2022 provides the
future climate scenarios where it is mentioned that due climate change, the mean annual flow
of the Ganges, Brahmaputra and Meghna river basins will increase by 17%- 28%, 2%-5% and
1%- 4% respectively under 55P5-8.5 scenario in 2050s (CEGIS 2021). The seasonal flow will
increase from 18% to 30% in Ganges and there will ke smaller increase in Brahmaputra and
Meghna River.

BWDE being the principal organization regarding Flood & River management in Bangladesh
conducted a detail analysis for High Water Level for different Return Period of the different
riversystem of the country and published a report, “Criterion for Determining the Crest Level
of Flood Contral Embankment” in December 2020 considering Climate Change Effect.

Thereby observing all these studies and guidelines, the increase of flow considered in design
in the area both the coastal and non-coastal zone due to climate change is about 15% which
willl beadded to the maximum discharge of the river at the bridge point.

And increaze of design maximum High Water Level or Standard High-\Water Level for the River
at Bridge site considered inm the design is about 48 om in the Coastal zone and outside the
coastal area is abouwt 30 om which will be added to MHWL or SHWL along with navigational
clearance to get the free board.
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3.3 Adaptationmessures mbridge designstage

No.

Observation and suggestions

Mezsures 1o be taken

Adeguate freeboard to be provide for
every bridge in coastal and non-coastal
reglon

kdinimum @0cm freeboard to add with HFL, where
there |5 no navigation. But where s navigation,
there BIWTA fLGED guldeline to be followed

2 Approach and bank protection Im general, 5-15 m approach road protection to be
provide at almost all bridges
3 Soour of river bed Im the deslgn process, pile length should be
Increased
4 Detalled hydro-morphiofiogical | Umited  hydro-morphological  and  hydraulic
assessment assessment for river and stream for small bridges
5 Detalled hydro-morphofiogical | Detalled hydro-morphological and  hydraulic
assessment assessment for river and stream for small and large

bridges

34 Some otherfactors

3.4.1 Site selection

The site selected should enable construction of a safe, economical, and easily maintained crossing,

having regard to routing and approach requirements, to the nature of the waterway and its
environment, and to minimize the use of such training works as may be necessary to deal with
adverse natural channel features.

In selecting & site, It B important to examine the physical characteristics of the water course and its
drainage basin. These character|stics are determined by geology, topography, climate, and land use,
and may be divided into four groups.

- Geographic: Physlographic setting, geological history, channel pattern,

etc.

- Hydralagle: Discharge patterns, water levels, loe ete,
- Hydraulic: Slopes, cross-sections, velacities, roughness, etc,

- Geotechnical: Boundary materials, eroslon, scour and sedimentation,

efc.

The complex Interactions between these characteristics produce a wide varlety of stream types. The
general patterns of varation in all of these characteristics, and the relatlonships between them, are
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often referred to as the rver's "regime", In the same sense that "cdlimate" |s used In considering
metearaloglcal varlables. In regard to scour and erasion, behavior of 2 stream mey fall within a wide
range, from a very stable bed rock channel to a highly mobile alluvial river. Many rivers exhibit
complex changes In behavior from polnt to point, because of the strong Influence of local features
assoclated with glaclations. Careful investigation of past behaviar at a particular site s therefore
Immpartant. The chalee of site may greatly affect the difficulties and expense of bullding a crossing as
well as its long-term performance, stability, and amount of malntenance reguired. it is therefore
necessary that fleld studies be conducted during route selection to choose the best location for the
bridgeinstallation.

342 General ronte selection

Bridges are a significant component of any new road especially In terrain where streams or flood
plaims are numerous, A& new route should minimize the number and length of crossings required,
thereby keeping enviranmental dizruption as well as overall costs to 2 minirmuen.

3.4.3 Suitsblesite characteristics

Stream characteristics and geology often vary slgnificantly cver short lengths of rheer. A suitable
crossing site should be at a stable reach having good flow alignment. The llability of scour or bank
erosion must be investigated and should be an Important site selection criterion, When streams are
brakded, | e, split Into two or more channets, a single channel location s prefemred.

3144 Bridge alinment

The alignment of @ bridge relathve to the waterway should be at right angles, This will reduce the
length of bridge required to oross. In meandering and shifting streams attention must be given to
past trends to ensure that the strearm at the selected location will not shift. in some Instances |t may
be mecessary to construct training works. Stralght lengths of channel are preferred for the crossing.
Crossings on abrupt bends should be avolded except when the stream Is In eroslon resistant
rmaterlals,

3.4.5 Alhavial fans

Crossings of alluvlal fans should be avolded because of the aggradations of the channel. The
preferred crossing location Is near the apex or head of the fan.

3.4.6 Sites of flooding

Bridges should not be located In areas which are known to flood periodically, The presence of a
bridge often aggravates the problem, One should also be aware of typlcal lce jJam locatlons and these
should beavalded.

3.4.7 Locaton of other soucures

Thera gre 2o many possibilities here that possible precautions can only be dizcussed in general terms.
The presence of other structures can have a significant bearing upon site selection. For Instance,
other crossings may affect or be affected by the proposed bridge. Dams, both wpstream and
dewnstream chwlously have considerable bearing. In some cases, other structures are not even bullt
but are proposed and may influence & bridge site,
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348 Approaches

Approaches to the proposed bridge must meet requirements of grade and alignment for safety
PEESONS.

Factors consideration for bridge Design:

3.5 Eey considerstions in identifying impacts to bridges
Climate change |s likely to impact bridge Infrastructure assets through modification in the pattern of

extreme climatic events, which includes storms and storm surge, floods, and drought; or through

gradual changes In seasonal or annual patterns of temperature, solar radiatlon, precipltation, and
sed level rise,

When evaluating the Impact of climate change and risk to bridge Infrastructure there are two
overarching concems the timeframe for the asset’s productive lifespan and required capital costs,
While engineering deslgn always considers some measure of extreme weather conditions when
deslgning or rehabilfitating infrastructure, it = important to consider a temporal scale that Is
appropriate to the anticipated life of the asset as well as and cost- effectiveness of climate resilience
optlons.

g} Design Flood Frequency - The hydrologle and ydraulic design of a bridge is essentially a two-step
process. The first step Is to estimate all of the forces or guantities which would Impact on the
installation for an appropriate retumn perkod. The second step Is to deslgn all the structural
components to accommodate these forces or guantities with some margin of safety. While such
factors as the weight of traffic, earthquakes, wind and other forces are of great importance, thesa
guidelines are primarily concermed with the flow and guantity of water, hence the hydrologlc and
hydraulicdesign,

Obviously, no structure ks designed to last forever. Egually true however, s the fact that the more
valuable or Important the bridge Is, the longer It should be expected to last. The longer a bridge s
expected to last, the more likely it Is that It will be subjected to an extreme event or fleod. The term
"return pericd" B used to indicate a probabllity that & flood of a certain magnitude will ocour. For
example, 3 100-year retum perlod flood is 2 flood whose flow would be exceeded on average once

every L0 years.

The selection of an appropriate retwrmn perlied as mentioned above depends on the value of the
bridge. This includes the cost of repalr or replacerment If the actual flows exceed the design flow and
cause darmage to the structure. However, the selected return perod must also reflect the Importance
of the rellability of structure, possible secondary damages to other property and environmental
consequences of bridge fallure. An economilc analysis or cost-benefit analysis should be considered
in deterrmining the most economical design of bridges.

Bemm Periods for Hydrologic Diesign

by Capacity - The bridge opening |s the product of the width and helght plus the cross-sectlonal area
of the stream s shown in Figure 4.4, The rate of flow that can pass through this apening withouwt
overtopping Is referred to as the capacity. It must be noted however that width and helght are
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independent of capacity requirements meaning that a bridge dimension may need to be larger than
required by the design flow.,

Historical Flows

The maximum historical flows as recorded at the sive, or as calculated on the basis of recorded water
lesrels, or as calculated on the basls of measured discharges at other polnts on the river from which
corresponding site discharges can reasonably be Inferred, may be used.,

Flood Frequency Analysis

The discharge derived from a frequency analysis and corresponding to flood and/or tidal conditions
of a freguency appropriate to the importance and value of the structure. Results of Reglonal Flood
Frequency Analysls [RFFA) are avallable from this department.

Other Diischarge Estimates

Where Insuffickent information Is avallable to yleld an estimate of the actual maxdmum discharge at
the site ower a historical period of reasonable length, or to provide an adequate frequency analysis,
the design discharge may be estimated by any other reasonable method such as regional fleod
frequency, unit hydrograph, maximum probable storm, ratonal method, etc. Estimates may be
made of maximum flow rates based on the area of the drainage basin, ralnfall Intensity-duration,
and other appropriate data, which would Indicate the flows that could be antlcipated.

Anticipated Land Use Changes

The marginal cost of increasing a proposed deslgn parameter may be small encugh to warrant owver
sizing in order to be assured of good future performance. This is especially true if land use changes
are lkely to oocur In the drainage basin upstream of the bridge,

Diesizn Dhischarge Verification

When the design discharge is based on historical maxima, frequency analysis, or other empirical
methods, It Is advisable to check whether the historcal record reflects trends or discontinuities in
the flow regime resulting from land use changes, enginesring works, or other causes; and to conskder
whether such changes are likely to occur Inthe foreseeable future.

Dizcharges Confrolled by Beservoir Beleases

Before counting on slgnificant reductions In natural flood peaks because of storage resendoirs or

other upstream works, the probable cperating and routing procedures should be Investigated,
Where possible, a written statement should be obtained from the competent authorities,

Flowr Duration

The probable duration as well as the magnitude of large flows may be significant, especially with
reference to scour.

c} Bridze Height - The height of the deck shouwld be such that the superstructure Is not endangered
by the action of flowing water, ice, floating debris, or waves, and the roadway s not rendered
Impassable except under clearly understood and permitted conditions. The selection of design values
and safety marging for high water level and discharge raises difficult questions. The approach
recommended here |5 to adopt design valuwes which set limits of serviceabllity for the structure, and
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then ensure that under design conditions the margins of safety against structural fallure are
sufficlent. This mangin should be set by the enginesr in each case, having regard to the rellability of
the data on which the design values are based, to the probability of cccurrence of greater values, to
the consequences of fallure, to the type of structure chosen, and to economic factors,

For the purpose of selecting & minimuwm helght for the bridge superstructure, the design high-water
lewel should normally be selected after due consideration of the following:

Mfaxinmm Historical Water Level

The maximum historical water level as observed or recorded at the site, or as inferred from observed
or recorded levels at another point on the dver or waterway from which levels can reasonably be
transferred to the site In guestion may be used.

Frequency Analysis

The water leved derived from frequency analysls and corresponding to flood, tidal, or ice conditions
of a frequency appropriate to the importance and value of the structure mey be used for design

parameters. The peak stage of flood flows may also be estimated using methods indlcated In part (b)
absove.

Clearances

Additional helght should be Included if there s a hstory of loe accumulation, or If floating debris
poses & potential problem. On nevigable water courses sufficient clearance for vessels must be

provided.

Bridee Length - The length of bridge warks should be such that the opening k& able to pass the
maximum flows that may be expected without endangering the bridge or appurtenances by scour,
without creasting major maintenance problems, without causing unacceptable backwater effects
upstream, and without causing currents, waves, or turbulence unscceptable to navigation or other
legitimate Interests. It should be pessible to pass expected quantities of lce, logs, and ather debris
without endangering the structure or adjacent property as a result of jams and accumulations.

Widih on Regular Channels

Where a stream has a single, well-defined channel of fairly regular width, and flood flows are more
orf less confined to the channel, the bridge should clear the entire channel with abutments set back
0.5 m from the normal high-water edge. Alse, In ne case should the bridge reduce the channel width
by meore than 10% of the 1:10 year flood flow width,

Widih on Flood Flains

In situathons with low flood plains, where a substantlal portion of the deslgn discharge normally flows
across the overbank areas, the gquestion arlses of whether to divert all the overflow through a single
wiatenaray opening In the maln channel, or to provide relief spans on the flood plain. The former
solutlon Is usually more economilcal, but If the road crosses the valley at an angle, relief spans or
culverts may be necessary to prevent sxcessive backeater effects.

Width on Irmegular Soesms

In the type of stream where the channel width varies greatly from point to paint, the narrower
sections may normally be used as a gulde to determine a suitable bridge length, provided overbank
flow Is taken into consideration.
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Crrertopping
in flat, lowe-lying terrain subject to widespread flooding it may be acceptable to allow overtopping of
roadways In extreme floods, thereby reducing the discharge to be passed through the bridge

watensay opening. In such design, provision must be made to prevent any road washout by having a
deslgnated overflow section which ks sultably protected against eroslon.

Existing Bridges
The hydraulic performance and capacity of exlsting bridge waterway openings should give valuahble
guidance on the reguired length of a new bridge at another site on the same stream, In some cases

experience may Indicate that an existing bridge has been too short, sllowing approach washouts,

overtopping of the approach roadways, or unacceptably deep scour to eccur, The welght to be ghven
to such evidence depends of course on how long the existing bridge has stood, to what extent it has
endured severe flonds and kce conditions, and to what extent stream bed

Conditians at the new site conform to those at the existing site. A new or replacemeant bridge will
generally be larger than an existing bridge.

d) Bridge Type - Having selected a site for the bridge and having established height and width
requirements of the superstructure, the designer must then choose a type of bridge. This cholce
depends on the functional requirements of the bridge In regard to the hydrologlc and hydraulic
reglme, the econombcs of constructlon, live-load requirements, foundation conditions,
emvironmental constralnts, maintenance conslderations, policles of the owner, avallability of

materlals, and preference of the project designer.
Some varlables In bridge design Inchude;

- the gearmeatry and length of the approaches,
- the type and lecation of the abutments,

- the number and location of plers.

3.6 Infrasoocire desizn and materials
6.1, hske srester use afconcrate

Concrete |s a commanly used construction materlal that has many benefits, which include the ability
to resist high termperatures, Concrete Is able to withstand extreme hot climatic condition, and
generally has the advantages of being durable and having a long service life. The rehabilitation of
bridge deck pavement slabs should conslder greater use of concrete and reinforced concrete
depending on the structural basls of the bridge,

Indicative Costs
PFurchase of concrete pavement material, include aggregates and binders

Feasibility and Technical Begnirement

To produce a correct concrete pavement mibxture, knowledge of concrete deslgn s needed. A trained
engineer ls preferred to assess the bridge condition and ability to use concrete materials.
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337 Eeyterminology

ldentifying and wunderstanding the potential impacts of dimate change on bridges in
Bangladesh is a critical step in developing effective climate adaptation strategies. Here are key
considerations to assess and anticipate these impacts:

Hydrological Changes:

Eiver Discharge: Evaluate potential changes in rver discharge patterns, considering
varlathons In precipitation, glaclal mettwater, amnd changes In river dynamilcs.
Imncreased river flow can lead to higher risks of flooding and scour around bridge
foundations.

Sea-Level Rise: Assess the impact of sea-level rise on tidal rivers and estuarine areas, as

higher water levels can result in more frequent and severe storm surges affecting
bridges located In coastal zones.

Exmeme Weather Events:

Cyclones and Storms: Consider the Increased freguency and Intensity of cyclones and
tropleal storms. Bridges must be designed to withstand strong winds, heavy rainfall,
and storm surges assoclated with these extreme events.

Intensa Rainfall: Evaluate the potential for intense and prolonged rainfall, which can lead
to flash floods and Impact bridge stabflity. Deslgn features like proper dralnage
systems are cruclal to mitigate the effects of heavy precipltation.

Temperature Changes:

Thermal Expansion: Recognize the potential for increased temperatures, leading to
thermal expansion of bridge materials. This expansion and contraction can affect the
structural Integrity of the bridge, emphasizing the need for materfals with thermal
resifience.

Faverank Erosion:
Changes in Sadiment Transport Assess alteratlons In sediment transport, as changes

In riverbank ercslon patterns can affect bridge foundations. Freguant manitoring of
riverbanks Is necessany to ldentify potential threats to bridge stabdlity.

Salinity Intrnsion:
Cpastal and Esmarine Areas: Identify areas prone to salinity intrusion due to sea-level

rise. Salinity can Impact the corroslon resistance of bridge materials, reguiring the
use of corroslon-reslstant materlals and protective coatings.

Geotechnical Considerations:

Spil Stability: Analyze the stabllity of soll beneath and around bridge foundations,

especially in low-lying areas. Changes in soll composition and stability can Impact the
owerall integrity of the bridge structure.
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Ecosystem Changas:
Biodiversity Impact: Conslder the potential Impact of climate change on local

ecosystems around the bridge. Changes in vegetation and wildlife can influence the
surrownding enviranment and Impact bridge malntenance and conservation efforts.

Commmmmnity and Socioeconomic Factors:

Population Density. Assess the population density In bridge-adjacent areas to gauge the
potentizl impact an community livelihoods and evacuation plans during extrems
weather events.

Economic Valoe: Evaluate the economic importance of bridges In terms of trade routes,
transportation networks, and reglonal connectivity,. Understanding the economic
value helps prioritize adaptation measures.

Adaptation and Mitigation Measures:

Existing Infrastrocrure: Evaluate the adaptability of exsting bridges and ldentify
retrofitting options to enhance resilience, Consider measures such as elevating
bridge decks, strengthenlng foundations, and Incorporating advanced materials.

Early Warning Systems: Implement and enhance early warning systems to provide timely
Information about extreme weather events, allowing for proactive bridge closures
and evacuation plans,

Long-Term Planming:
Climate Projections: Utilize climate projections to anticipate long-term changes.

Imcorporate future climate scenarlos into bridge design and malntenance plans to
ensure adaptability over the infrastructure’s lifespan,

Im summary, comprehensive impact assessments for bridges in Bangladesh must consider
hydrological changes, extreme weather events, temperature variations, riverbank erosion,
salinity intrusion, geotechnical factors, ecosystem changes, community considerations, and
effective adaptation and mitigation measures.

This holistic approach ensures the development of climate-resilient bridges capable of
withstanding the evalving climate challenges in the region.

1.8 Eey considerations:
3.5.1 Bridges

Varlous lksues regarding bridge design nead to be considerad as bridges will normally be designed to
last between 50 and 100 years (or more for bigger structures). Apart from the loadings that bridges
are deslgned to carry, they need to be designed to handle the expected volume of water that will
flow through them during peak fleoding as well as other potential ssues described below:
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3.8.2 Maximum water flows

Bdadimurm water flows can be calculated using varlous standard technlgues which are mot described
im detall here. Howewer, these make use of return perods, which are probabilistic determinations of
the frequency of the calculated peak flows for different storm intensities. The predominant changes
o conventional deslign methods for bridges will be in terms of the return perlods. These will need to
be updated on a regular basis using the latest projections of expected rainfall, determined fram local
climate modelling™, In the absence of such revised return periads, it Is also possible to use actual
worst-case scenarios based on specific ralnstorm intensities, but these will normally result in more
conservative and costly designs.

The water flow guantities and velodities are also based on various surface characteristics [e.g.,
soil type and exposure, vegetation cover, etc ). With dimate change, these too are likely to
change with time and issues such as this will also need to be considered in the calculation of
river flows. Changes in vegetation because of temperature or precipitation changes are also
likely to affect the type of debris transported by the rivers [increased or decreased trees, bigger
or smaller trees, larger boulders, etc.} and this should also be considered in the design.

To cater for the potentlal Increased water flows, bridge decks will need to be higher, spans may be
longer and earthwork volumes in approach fills will be skgnificantdy increased (possibly with better
guality materials), with inevitable large Incregses In the costs of the structures,

3.83 Abutments

The materlals behind bridge abutments must be &s resistant to eroslon as possible and compacted to
as high a density as possible to avold damage during flooding. They should also be protected from
water flows by ralsing wing-walls, applying mortared rip-rap or other erosion protection methods
igablon baskets or Remo matbresses) and minimizing turbulent flow around them. Mumerous
techniques for protecting abutments from eroslon and scour are Included in NCHRP Report 587
(Barkdoll et al, 2007) and the optimum cholce will depend on the local situation and materlals
avallable,

384 Piers

Flers are primarily damaged by scouring of thelr foundations. Scourlng s a function of turbulent flow
upstream, downstream and swrounding the foundations. This is best reduced by ensuring the
optimurmn shape of the plers and founding the supports on material unlikely to be scoured. The depth
and extent of scouring can be estimated from varlous models (e.g., TRL, 2000} and this, together with
the type of foundation and substrate materlal should be used to aptimize the design. The stream-
bed characterlstics will usually have the most influence on the type of foundation, which will have an
effect on the scour potential as well as being affected by the Induced scour. If the stream- bed has
anly thin alluvial material deposits, footings directly on the bedrock or other competent layers can
be used. If the stream-bed has thick depasits of fine material, plles are normally used. These can be
either end-bearing piles if the bedrock or other hard layers are not too deep, or friction plles where
excessive deposits of fine materials accur, Friction plles should be designed to ensure that should
Scourlng occur, the length of the unexposed plle 5 still adeguate to provide the necessary fricthonal

support.
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31.8.5 Stmociures

The effects of Increased temperatures and larger seasonal and diurnal changes on bridge structures
and their components will need to be considered during thelr structural design. These are normal
deslgn conslderations but should be given a little more thought to handle expected conditions In 50
or 100 years” time. Increazed expansion of the materlals will require larger expansion joints, which in
turn will reguire better waterproofing and sealing materials, as well as increased maintenance to
ensure thelr continued serviceability. The wider use of monolithic structures that avold or minimize
bearings and expansion joints could alzo be considerad.

A challenge with bridge expansion jaints is that they are a flexible component and reguire a high
amount of malntenance. Some types of joints are themselves an entrance polnt for water which can
leak onto substrocture elements and accelerate deterloration. The amount of expansion in the
bridge depends on the actual structure type, ternperature changes, the length of bridge, and the
type of material used (reinforced concrete, steel girder, etc.).

Most countries have “bridge design codes” and these will need to be continually updated
incorporating featwres that will make bridges more climates resilient,

3.8.6 Culverts

It Is eszential that culverts are aligned carefully along the road, preferably perpendicular to steams
and drainage paths crossing the road. Where moving water must change direction suddenly, the
potentlal for severe erosion i rapldly increased. Similary, the protective measures around the
culvert should be such that erosion of the adjacent formation ar embankment ks minlmized durdng

normal water flow events, It k not usually economically possible to protect long distances of
embankment from erosion, other than to ensure that the embankment is covered with a
good deep- rooted local grass, which is kept well maintained.

The capacity of the culverts, like bridges, should be designed to mowve the expected water
through them without causing any damming upstream. Examples have been observed, for
instance, whare a railway line running parallel to and slightly uphill of a road had several oulverts
each consisting of 3 one-metre square boxes. The parallel road had culverts in the same
locations downhill of the railway culverts but these consisted of only one 600 mm pipa

— the capacity was thus obviously inadeguate and damage would be expected to oocur to the
road embankment during heawy rainstorms.

Where cvertopping of the culvert is likely, low points should be eliminated and the road should
be as flat as possible to avoid localized turbulent flow owver the embankment. The downstream
slope of the embankment over the length of potential overtopping should also be flattened to
reduce water velocities and minimize erosion and  undercutting.

In large catchment areas, the use of upstream flood-control damis and structures (usually in

cooperation with other national agencies) should be considered to try and minimize the
effects of storms where doubt exists in the calculation of the flow volumes. This could be

considered as part of water harvesting operations
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3.9 Bndge reconstruction, new constuction and capacity expansion to be add some

climate adaptation measures

Obzervation & findings and suggested adapiation measures

3L | Obzservations and
Mo | suggestions

Measures to be taken

3 | Scour protection
of river bed

1 | Adequate Minimum &0 cm freeboard to be add with HFL. where
Freeboard to be there is no navigation. But where there is navization|
provide for esry EI'WTA and LGED guideline have been followed.
bridge in Coastal
or Non-coastal
Eegion.

2 | Approach and bank | In general, 5-15m approach road protection to be
protection provide at almost all bridges.

Considering the erosion trend or if other problem
detected in river bank and approach connectivity
during field inspection by Design
Team/Maintenance Team;/ PMU Team, for
overcoming the problem,

In the design process, pile length or the pile capacity
under pier or abutment is determined to combat
increased scour due to cimate change effect
Thereby no need of providing extra protection for
river bed scour

4 | Detailed hydro-
morphological

ASSESSIMEnt

Limited  hydro-morphological and  hydraulic
assessment for all river and stream crossings are
being conducted with the awailable techmnical data
from Technical Appraisal Report, River Cross-
sections & Topographic Survey, and Soil Exploration
Report etc. Designs & BoQ's are updated following
findings of data analysis and international practices
and included in the

Detail Project Reports (DPR).

It is necessary for bridge reconstruction and new construction under design or procurement,
conduct detailed hydrology, morphology asseszment for all river and stream crossings

regardless of bridge length.
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Observation & findings and suggested adapiation measures

3l | Observation & Measure to be
Mo suggestions talcen
1.  Detailed hydro- Hydro-morphological and hydraulic assessment for all
morphological river and stream crossings should be conduct with the
ASSes5Ment available technical data from Technical Appraisal Report,
River Cross-sections & Topographic Survey, and Sadl
Exploration Report ete. Designs & BoQ's updated following
findings of data analysis and international practices and
should include in the
Detail Project Reports are
(DFR).

3.9.1 Sample case study of climate adaptation measures 1o reconstruction

{1}: Climate Resilient Measures incorporated in the replacement of existing 60.00m RCC girder
bridzge by 70.06m long RCC girder and P5C girder bridge on Kaligon] RHD- Assasuni Upazila via
Uzirpur GC Road at CH-12380m Road ID- 287472003, Upazila: Kaliganj, District: Satkhira.

Item | Design Parameter/ | Without Climate With Femarks
No. | Componemnt Climate charse Climata
Change il Change

A Coastal Regiom

1 Hydrology

a Water Level FL 0.986 m 48 om EL 1985 | Including

m free board
b Discharge 179.561 m3/s 159 210.00 | Ref
[minimum) | m3/s Mational

Adaptati
on Plan
of
EBanglad
esh
[2023-
2050)

L Regime Width (m] | 63.65m 70.0m

2 Salinity &

Temperature
a Concrete Mormal Mar
Concrete ine
Con
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cret e

- Lap length 1000 mm | 259 1250
for l6 mm | increase | mm for 16
dia mm dia
. Clear Cover 60 mm 75 mm
d. Beinforcement bar | Normal Epoxy Coated
reinforcems Feinfore ement
nt
B Expansicn Mosing Strip Sea Ref.
Joint for [concrete 1 Incorporat
w strength ingClimate
30Mpa) Change
(oo Adaptatio
ncr nin
ete Infrastruct
st ure
BNg Planming
th and
35 Design
Mp a) (2015) by
USAID
3. Morphology
a. Scour 2.367Tm 3.0m Ref,
from pile from Maticnal
off levelfor pile Adaptati
Abutment out- on Plan
1.885m off of
from GL level for Banglad
for Pier esh
Abut (2023-
ment 2050
and
245m
from
GL for
Pier
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392 Sample case study of Climate Adaptation Measures

(2): Climate Resilient Measures incorporated in the Replacement of 63.0m Bridge by 81.06m Long
PSC girder bridge on Bormi GC — Janina Bazar RHD via Kawraid UPC road at CH-E8300m Road |D-
333862008, Upazila: Sreepur, District:Gazipur.

liem | Design Without Climate | With Remarks
Mo. | Parameter! Climate change Climate
Component Change measure | Change
s
B. Mon-Coastal Region
1. Hydrology
a Water Level FL 13.11m 30 em FL 1411 m Including free board
b Dischange 237 250 A5%%(minimu | 280.00 m3/s Ref.
mais ' Mational Adaptafion
Plan of
Bangladesh
(2023-
2050
. Regime Width | 73.168m 81.00m
{m}
2. Maorphology
a Scour 1.828m 3.0m from Ref.
Mational Adaptation
from pile pie cut-off
cut-off lewel level for Plan of
for Abutrnemnt Bangladesh
Abutment and 3.0m (2023
and 0.864m from GL for 2050)
from GL for paer
pier
b Expansion Mosng Strip Ref.
Joint
fior (concrete Seal Incorporati
temperature ng
effect strength {concrete Climate
strength 35mpa) | Change
A0Mipa) ) Adaptation
in
Infrastruct
ure
Planning
and
Design
(2015} by
LUSAID
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3.9 3. Sample caze study of Climate Adaptation Measures m capacity expansion

Capacity expansion of 23.88 m RCC girder bridge beside another 38 m long RCC girder bridge on

Maligram (REH)-Kalamirdha GC Road,

ID 329102001, at Ch-3050m, Upazila- Bhanga,

District=Faridpur.
Item | Design Parameter/ | Without Climate With Femarks
Mo, | Componemnt Climaate tlanze Climate
Change I Changa
A Coastal Region
1 Hydrology
a. Water Level EL0O.55m 48 cm RL163m | Including
free board
b. | Discharge 113.79m3/s 1594 130,85 Ref.
(minimum) | m3/s Mational
Adaptati
on Plan
of
EBanglad
esh
(2023-
2050)
. Regime Width (m] | 41.65m 47.20m
2 Sahmity &
Temperature
& Concrete Mormal Marine
Concrete Concre
te
b. | Laplength 1000 mm for 258 1250 mm
16 mm dia
c. Clear Cover &0 mum 75 mm
d. Reinforcement bar | Normal Epoxy
reinforcement Coated
Eeinforcem
BNt

Page | 73




Expansion MNosing Strip Ref.
Joint for (concrete Seal Incorporat
E:m strength [concr ingClimate
30Mpa) ete Change
strengt Adaptation
h in
35Mpa Infrastruct
] ure
Flanning
and Design
(2015] by
USAID
Morphology
Scour 2.367m 3.0m Ref,
from pile cut- from pile Mational
off levelfor cut-off Adaptati
Abutment and level for on Plan
1.885m Abutmen of
| from GL for tand EBanglad
Pier 2.45m esh
from GL (2023-
forPier 2050
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CHAPTER4
Adaptation measures in construction phase

4.1 Commencement program

1. The program should nomally be In the form of a bar chart. As the Contract involving a
large number of inter-related activitles, the program needs to be In the form of a
network diagram and programmed on the BMlcrosoft Project software or simidlar. Critical
activities and the critical path should be identified on the program, as extension of the
time of the Works described in this manual s normally examined and measured on the
eritical path.

2. ‘When a program & submitbed by the Contractor, the program should be analyzed and
examined for the following points:

(g} ‘Whether details shown on the program, in respect of sequence, method and timing,
conform to the requirements of the Contract

() Whether the program is over-ppiimistic in respect of any critical activity or
the Works as a whols.

4 3 Constmicion

Several climatic change factors could impact on the construction of futwre road and bridge
Infrastructure, some negatively and others positively,

During the projected extended dry pericds in some aress (also being hotter), the avallability of
construction water may be limited for longer periods and longer haulage distances may be necessary.
The cost of the water |s also expected to rise as construction competes with other uses for its limited
avallability, Simultaneously, the water applied to the layers durlng these perlods for compaction will
evapaorate rmuch guicker and greater quantities of water will be required for construction.

Where stabllization of materials i used on a wide scale, the working time of the stabllization (l.e.
from the addition of water untll the time of fimal compaction and trimming) will be significantly
reduced under higher working temperatures,

The rates of other chemical reactions affecting stabilization and mineral degradation may alzo be
mereased under high temvperamres. A possible banefit. however, of higher temparafures may be
longer windows for bimminogs paving through the veer, i.e., shorter cold periods).

43 Workplaces safety mansgement

Workplaces and tasks where accidentsfincidents cccur frequently, site specific safety
precautions to be taken to prevent such accldents/incidents.
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Precautions against Deep Excavation and Shoring.
Precautions against Demolithon/dismantling of Existing Bridge.
Precautions against fall from helght

Flying and Falling Object Prevention
Precautions when Waorks with hegwy Canstruction Eguipment
Precautions against Scaffolding Installation/Construction
Precautions during Welding
Safety during Concrete Casting
Safety during Pre-tensioning/Posttensloning.
Launching and handling of PC Glrder
Fire Protection and Prevention measures

Diverslon Construction, Operation & Malntenance

4.4 Adaptation technigue for constoction

Manpower deployment
hachineries and materlals mobilization
Diversion and traffic control

Safety & security at site

Emvircnmental aspects

Covering stagged materials

Ensure tallet for men & women separate
Site office

Dustcontrol

Sound B nolse control etc.
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441 Covering stagged materials

=  PackageNo Feplace-W-372, Upazila- Eaharol, Dinajpur

Fig: 4.1 Covering stagged materlals
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4 4 2 Drestoomntrol

=  PackageNo Feplace-W-372, Upazila- Eaharol, Dinajpur

Fig: 4.2 Dust controd
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443 Adaptation messures in constrction phasa

Epoxy coated rebar & marine concrete used at 24m Bridge, Sonagazi, fenl

Flg: 4.3 Adaptation measures In constructlon phase
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4 4 4 Adaptation messures in construction phass

Epoxy coated rebar & marine concrete used at 25m Bridge Pekua, Cox-Bazar
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Flig: 4.4 Adaptation measures In construction phase
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45 Climate adaptation strategies for slope protection of embankment and bndge
approaches

The traditional practice to protect embankments against erosion in Bangladesh is to use cement
concrete [CC) blocks, sand bags, stone or wood revetments, geotextile, geo-bags and tree
plantation. Usually, CC blocks are used where storm surge is high, sand bags or wood
revetmeants are used where flow of water is moderately high. Protection of embankment by
plantation is another practice, but it is not effective during cyclone and flood because of
owerturning or uprooting of plants. It has been widely recognized that plant root systems can
improve the soil shear strength. Embankment stability can be augmented by using bio-
enginesring technigques which technigues may be an alternative option for embankmeant
protection. Bio-engineering technigues are being increasingly favored to control soil ercsion in
general and for slope protection of embankment and bridge approaches particular. The
technigues envisage use of appropriate vegetation, single plants  or sown, with minimum
artificial human intervention resulting in economical and ecological benefits.

Vetiver grass (Vetiveria zizanioides) is a plant distinguished by its strong and massive root
system, which is vertical in nature descending 2-3 meters im the first year, ultimately reaching
some 5 meters under tropical conditions. This massive, thick and immensely strong root system,
with a tensile strength of one sixth that of mild steel, is wery difficult to dislodge but can
nevertheless be removed easily by man if reguired. The depth of root structure provides the
plant with great tolerance to drought, permits excellent infiltration of soil moisture and
penetrates through compacted soil layers. Under dry land salinity conditions, once established
this deep root system can exploit the less saline subsoil moisture. Efficacy of vetiver system as
bio-technology for slope protection of embankment and bridge approaches has been
investizated by many researchers.
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4 5.1 Vetver grass for slope protection of embankment sand bridge approaches
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Flg: 4.5 (a) Fully grown vetlver grass, (b) young plant and (c) close view of roots

4 5.2 Vetiver grass plantation process in embankment slope and bridge approaches

— Votver tiller

Creo-jute

- Clip

Flg: 4.6 Schematlc diagram of vetlver grass plantation
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4 5.3 Vetver grass plantation for slope protection of embankment snd bridge approaches

Flg: 4.7 Vetiver grass for slope protection of embankment and bridge approaches at satkhira district.
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4.6 The basic concept of sdaptation technic for constuction

In terms of construction, differentiation should be made between existing Infrastructure, which
cannot be changed ovemnight, and infrastructure that needs to be constructed anew, in the case of
the latter, ample opportunity would be avallable to Introduce more climate reslllent road
infrastructure solutions.

In the case of existing Infrastructure, the outcomes of & risk analysks would dictate which actions
wiould require Ilnmediate attentlon [e.g., retrofitting of drainage systems). Adaptation actlons could
be phased in over time (e.g., during scheduled maintenance or rehabilitation/upgrading) depending
on thepriorities.

Climate change could require some adjustments In construction processes. Drought conditions, for
Instance, are likely to lead to greater shortages of water, which will drive up the cost of water and
simuttanecusly the cost of construction projects, unless surfactants (compaction alds) are added to
the construction water and/or compaction methods are adapted to cater for this water scarcity (e.g.,
high-energy impactcompaction).

Az well as gffecting avallability of resowrces for road construction (and also maintenance), climate
chamge could also affect the window of safe working and productivity of outdoor workforces,
requiring adjustments In operations. In the case of extrems heat, for Instance, construction
operations could be moved to night time to reduce the risk for heat stress,

In future, construction seasons may shorten or lengthen, and could shift earlier or later within the
year, These changes are unknowns at this stage, and will differ from country to country, but relevant
minkstries or road departments should be made aware of this possibility, record changes to the status
guo and plan accordingly.

To minimize problems with climatic changes on roads it |s essential that constructlon at least
complies with the minimum reguirements in the recommended standard specifications, if not
exceeds them. In some cases, It may be necessary to modify or adapt local specifications to take the
varlous potentlal climnate changes Into account, and these may be country or even district specific as
appropriate. For example, compactlon (of subgrades, formations, embankments, abutments and
pavement layers) to higher densities than those currently specified immediately increases the
stiffness, reduces permeability and eroslon potentlal and reduces volds and rutting potential.

Compactlon |5 one of the cheapest construction activities and should not be skimped on. The
incorporation of improved durability requirements for base materlals may be necessary where
groundwater or local sea-level rses are expected,

The loss of water during constructlon on hot and dry days can be mindmized by constructing at night
as well as by using recycling eguipment for the additon of water. If these options are not feasible,
gulcker delivery of greater guantitles of water (more water bowsers on site) and decreased
construction processing time (construction of shorter lengths, additional rollers and graders, etc.)
will b necessary. Investigations Into methods for making wse of poorer guality waters [eg., sea-
water, brackish borehole water, recycled effluent, etc.) should be Initiated to alleviste these
problems.

Varlous other construction practlices will need to be modified to cater for climate change. With
cement stabilization for Instance, it may be necessary to construct shorter sections at a time, to use
alternative slower reacting cements for stabllizatlon [CEM 1% and CEM V) or even blends of lime and
fiy ash. The cholce of stabllizer type [e.g., cemant grade) will becomie Important to allow maximum
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working time, The use of In situ recyclers to mix the stabilizer and decrease the construction time
should alsa be considered. Thelr high cost may be justified by the potentlal reduction in construction
problems, often encountered with modern cements. The breaking times of biturmen emulsions will
be much guicker on hot days, which would also reguire modification of standard constructlon
technigues.

There Is mnothing that can be done about more rapld deterdoration of nen-durable materials in the
road structures under higher temperatures (e.g., use of low-viscosity binders In asphalt) — it will be
necessary to make sure that all materlals used are acceptably durable, although few examples of
fallures due to material deterloration or pure durability have been observed in low volume roads. On
the contrary, durability |5 seldom a specification reguirement for low volume road materlals,

When large concrete members are belng constructed during hot weather, precautions should be
taken to limit any slgnificant heat bulld-up In the concrete. If final set occurs when the concrete ks in
an expandsd condition due to high temperatures, additional “thermal” shrinkage may result in a
large potential overall shrinkage of the member. Similarly, the risk of early age plastic shrinkage
cracks ar thermal cracking due to temperature gradients may define the requirements for curing and
protection of the concrete. Furthermare, increase temperatures mean increased evapotranspiration,
therefore the concrete skin should be protected properly against evaporation wntll a certaln maturlty
or strength s obtalned to ensure sufficient strength and durability, Methods and tools to help the
concrete producer plan and predict the hardening process of a concrate structure under various and
chamging amblent conditions will need to be improved. As a mindmum, the concrete producer shouwld
consult lecal weather forecasts to obtain temperature data. Increased temperatures may also
require the placement of mass concrete for structures and pavements at night. Mote that an
monproved local weather foracast is an exarmple of a low regret adaptation tool,

Fig 4.8 Ongoing Pillmg work on Bridge Replacement Category Under SupRB
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4.7 The basic concept of inspection and testing

1 The Employer's Personnel [including the Englneer and his staff) shall at all reasonable

times:

(a) Hawe full access to all parts of the Site and to all places from which ratural
baterials are being obtained, and

(b} Dwring production, manufacture and constructlon (&t the Site and elsewhere), be
entitled to examine, inspect, measure and test the materials and workmanship, and
to check the progress of manufacture of Plant and preduction and manufacture of
bAaterials.

The Contractor shall ghwe notice to the Englneer's staff full opportunity to carry out these
activitles, including providing access, facilities, permizsion and safety equipment. No
such activity shall relieve the Contractor from any abligation or responsibility,

The Contractor shall glve notice to the Engineer wherever any work i ready and before
itts covered up, put out of sight, or packaged for storage or transport. The Englneer shall
then either carry out the examination, Inspection, measwrement or testing without
unreasonable delay, or promiptly give notice to the Contractor that the Engineer does
not reguire to do 5o,

Except as otherwise specified in the Contract, the Contractor shall provide all apparatus,
assistance, document and other Informatlon, electricity, equipment, fuel, consumables,
Imstruments, labowr, materials, and sultably gualified and experlenced staff, as are
necessany to carry out the specifled tests efficiently. The Contractor shall agree, with the

Engineer, the time and place for the specified testing of any Plant, Materials and other
parts of the Waorks.

The Engineer's supervislon staff should comrmunicative with the Contractor at Dally
Coordination Meeting for the schedule of inspection and testing for coming days. When
more than 2 Inspection and/for testing are demanded at the same time, the Engineer's
staff should make arrangements with the Contractor the order of inspection andfor
testing minimizing the adverse influence to the Project.

4 8 Inspection and test plan

1

The Enginesr’s staff should also maonitor the construction progress clasely, may be refer
to the Contractor’s Tree Week and/for three-month rolling program, and manage by
themselves to be fully aware the method of Inspectionftesting, acceptance criterla and
other re-eguipment’s for the coming inspection and testing as scheduled,

Inspectbon and test plan (ITP) Is the most essential document for control the gquality of
the Waorks, which usually be prepared by the Contractor and the Engineer will review
the Contractor's ITP carefully arnd make sure the TP covers all requirements In the
Specification. Further it should be liked between Enginesring Waorks Schedule [EWS)
and ITP with ne Inconslstency,

Sample from of Inspection and Test Plan (ITP) In Appendix 9 Is baslcally reguired ta
Include and ldentify the followings:

(g thessquence of inspection and testing activities;
(b} theinspection and testing requirements of alther activities or materials;
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d

ic} theacceptance criteria or relevant specification;

idl the level of inspection reguired Including the provision for witnessing by the
Englneer; and

(2] Amy certification reguirements or records to be kept.
For ltemn (d), Contral Polnts are defined In the TP as follows:

ial Hold Point (H): Approval shall be obtained before subseguent operations proceed.

Request for Inspectlon from to be submitted to party before
imspection and test is performed.

(b} Witness (W): Reguest for Inspection from to be submitted to party for witnessing
the test for and for confirming that the results are comectly
recorded.

(e} Verfication (V): Make sure that the required inspection and test Is completed and
records demonstrating compliance with  the specified
requirements exist whers appropriate.

(d} Surveillance [5): Continual monitoring and/or analysis of the Inspection and test
records ensure that specifled reguirements have been fulfilled.

In case of procedures of inspection and testing are complicated, it is recommended to prepare

“Check List™ for Inspectors. it helps to prevent thelr oversight, misunderstanding or such during
Inspection and testing.
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4 9 Envircmmentsl protection

The Contractor shall take all reasonable steps to protect the envirenment (both on and off the Site) and to
limit damage and nuisance to people and property resulting from pollution, nolse and other results of his
operations.

The Contractor shall ensure that emilsslons, surface discharges and effluent from the Contractor's activities
shall ot excesd the values stated In the Specification or prescribed by applicable Laws,

4.9 1 Environments]l neana sement plan

The Enginesr to review for approval the Contractor's Emvironmental Management Plan has been prepared
complying with the following requirements.

[a) The Contractor will be |ssued with the Employer's Environmental impact Assessment
Report. The EIA shall be regarded as the minimum standard to be achieved but it does not
relieve the Cantractar of any statutory duty.

(b} The Comtractor shall take all reasonable precautions to avold any nulsance arising from the
execution of the Works. This should be accomplished where &t all possible by suppression
of the nulsance at source rather than abaternent of the nulsance once generated,

(c] The provision listed herein regarding enviranmental protection shall apply to and be binding
upcn the Contractor for any part of the Waorks on the Site and shall apply to and be binding
on his subcontractors. The Contractor shall ensure that proper and adeguate provisions to
this end are included in all subcontracts.

(d] The Comtractor shall employ approprate construction methods and carry out the Warks in
a manmer as to minimize any adverse Impacts on alr, nolse and water guality and the
exlsting ervironment within or outside any construction sites during the Contract.

(] The Contractor shall submit an Emvironmental Management Plan Indicating hew they will
comply with the Contract requirements, The plan shall be propery implemented by the
Contractor during the Contract.

402 Air quality

If after commencement of the Works that the Contractor’s Equipment and/or method of working are found
to be causing serlous air pellution impacts, they shall be inspected by the Engineer and remedial proposals
shall be drawn up by the Contractor,

4.9 3 Waterguality

The Contractor shall not discharge directly or indirectly [by runoff} or cause or permit or suffer to be
discharged Into amy public sewer, storm water drain channel, stream course or river, any effluent or foul or
contaminated water. The Contractor shall provide, operate and malntain within the premilses or otherwlse,
sultable waorks for the trestment and disposal of such effluent or foul or contaminated water,

404 Waste management

THE Contractor shall be responsible for the control of all waste generated from construction activities, the
removal of the waste and Implementation of any measures to minlmize any adverse impact to the

emvlronment and public. Where possible the waste shall be separated Into recyclable ltems and hazardous
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waste shall be disposed of. All disposal of waste, Including hazardous waste and recycling, shall b= In
accordance with the relevant local laws and regulations.

495 Moise conirol

The Contractor shall teke all necessary measures to ensure that the operation of all mechanlcal equipment
and construction processes on or off the Slite shall not cause excessive nolse which may disturb any occupant
of any nearby dwellings, schools, hospitals or premilses with similar sensithvity to nolse,

The Contractor shall submit details of the Contractor's Equipment including method of use and constructlon
operations together with proposed measures for lmiting nolse wherefrom that shall include, but nat limited
to the relocatlon of nolse emitting plant, the use of silencers, mufflers, acoustic shislds, shed or screens and
shall be based upon the best proven practice.

4.9.6 Vibration control

All mechanical equipment and construction processes on or off the Site shall not cause excessive vibration
wihich may disturb any ococupant of any nearby dwellings, schools, hospltals or premises with similar
sensithvity to vibration. Vibration caused by any construction activities, Including movement of construction
eqguipment, shall be In accordance with the relevant local laws and regulations.

4.9.7 Protection on existing siregins of HVETS

Matural streams or rivers within or adjacent to the Site where no work is being carried out shall be kept clean
and free of any floating debris. All eguipment and working methods to be used In or near the natural streams
or rivers shall be planned to reduce disturbance. Mo material storing or no parking of the Contractor's
Eguipment or other vehicles near the streams or rivers is allowed,

410 Safety management during bridge constmoctionwork, which should mchade the following issues
Deep Excavation and Shoring

General Safety Measures at Bridge Site / Workplace Safety

Demaolition fdismantling of Bridge under Replacemeant Category (Hazard Identiflcation, measures to
be taken to avold hazard as well as controd environmental pollution)

Safety of workers during work at height
Work with Heavy Equipment such as Winch Machine, Back Hoe, Cranie etc.
{Measures to be taken to ensure safety)

Scaffolding Installation and Inspection (Risk area dentification and measures to be taken to avaold
risk)

Welding (Risk area identification and measures to be taken to avobd risk)

Safety during Bridge Foundation Wark [Shallow and deep foundation (Risk area identiflcation and
measures to be taken to avold risk))
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4101, Safery mensgement during bridse constraction

General Safety Managemeant (Safety signs Installation, ensure safe drinking water, Hyglens Tollet,
Accommodation for workers, Site Lighting ete. ).

Personal Safety Management for Workers, Visitors & General Public {Provide PPEs, First Ald etc.).
Traffic Safety Management [Prepare Site specific Trafflc Management Plan & Install accordingly ).

Worlkplace Safety Management.

4102 Supporing nral bridzes ( SupF B), gender development activities with climate-sdapted bridze projects
in conformity with the gender equality stretegy of LGED end the worldbank

The Mational Women Development Policy 2011, i the bask foundatlon of LGED's Gender Equity Strategy
(2022-2030). The principal objective of this Strategy s to develop women and to create & warnan-friendly
amblance at all levels of LGED activitles In consonance with the incorporation of the Mational Women
Development Policy 2011, The GES s formulated to promote gender eguality by ensuring women's
invoheerment, increasing women's accessibility to resources and services as well as developing a women-
friendly environment at all levels through all ventures of LGED. The main cbjective of this GES to integrate
measures to promaote gender eguality In all interventions of LGED and to Implement it

In harrniony with this Gender Equality Strategy (GES), ensures that all of its infrastructures are made gender-
friendly, creates employment opportunities for women in its different activities Increasingly establishes a
process of declslon-making In every work through the participation of both men and women, The deprived
women would be Involved In employment as such be empowered gradually through this process.

The World Bank Is a co-financier for Supporting Rural Bridges (SupRB) and World Bank [WE) Gender Palicy
has stressed that gender Issues are iImportant dimenslons of its poverty reduction, econamic growth, human
wiell-belng, and development effectiveness agenda. Therefore, the objective of the gender Issues and

concerns Into all aspects of the Supporting Rural Bridges (SupREB) project throughout the project lifecycle
detalled planning, Implementation, monitoring, and evaluation activities, in conformity with the considering

the LGED's Gender Equity Strategy has been fallowed for the following Interventions:

4103 Informal swarenessreising group mesting-

Women engagement with equal pay, Occupational beslth safety, Gender Based Viclence(GBV), Sexual
Exploitanion and Abuse{5EA), Oppormnities. norms, dufies, responsibilifies. climate change sdapiation fair
To Provide Skill training [firming and off-farming): Technical training can be provided to the labor force,
especially wormen for Inclusion in the operation and malntenance can target a maximum of 25% of total
waomen. (as per need Incorporate technical skills in Masson, rod bending, welding, atc ). For the sake of
self-reliant sustainable soclo-economic livelthocod different Income Generating Activitles (1GAs) would be

undertaken and enhanced by those who are cccupationally skilled and have galned empirical knowledge
of ongolng income Generating Activitles (IGAs).
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4.11 Climate change & adaptation tools of (SupRB):

4.11.1 Focus group discussion:

A Focus Group Discussion (FGDY) is 3 method for collecting qualitative data that gathers commupmity members
together to discuss a specific topic. Program for Supporting Fural Bridges always took FGD Meeting to aware
local beneficianes about climate resilient, personal right o complain & how o mitgate Climate & Social
barmers with the help of GRS (Grievance Fedress System).

Fig 4.14 Focus Group Discussion Meeting

4.11.2 Ocoupational bealth & safety (ohs) items

Frist Ald Box
PPE

Page | 53



Dusthin

Fencing & Safety Measure
Face Mask

Hand Wash Arrangement
Hand Sanitizer

COVID-19 Awareness Slgn Board
COMID-19 Awareness Leaf Let
Thermal Scanner

4.12 Peplaceorreconstroct bridge expension joints

This method ks primarily designed for exdsting structures. Bridge expansion jolnts can be damaged as & result
of prolomged and extreme dally temperature varlation ccours, There are several joint types used In bridges
that are part of the bridge and foundation design.

= Armor Joint{Al);

* Sealed Expansion Joints [SE1);
= Fabricloint Underseal;

= Header Typeloint;

= Asphalt Plug;

= Finger Joint; and

* Maodulariolnt,

Bridge expansion |alnts allow thermal expansion and contraction, translatlon and rotation of the deck. They
alzo assist In keeping water off of the substructure and protect exposed concrete edges. During extreme
conditions, such as extreme hot days, expansion joints prevent bridges from bending cut of place and allow
encugh vertical movement to permit bearing replacement.

Stresses on bridge expansion [olnts can be exacerbated by fatigue from heavy losding by wvehicles and
Increased frequency of extreme weather conditions. Thelr fallure couwld cause damage to & bridge
substructure and superstructure,

Advantages
= Prevent more severe damages in the future
= Further protect agalnst extrems weather conditions
= Preserve the expected life of bridges
= Reduce the need for emergency repalrs
Diisadvantages

Traffic disruption since repalr reguires full or partial closure
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Indicative Costs

Cost for construction workers and material for expansion joint

Timing for Implementation

Depends on type of structure, age and length - shorter if bridge ks under complete closure
Feasibiliry and Technical Requirement

Tralned worker to ensure replacement work Is done properly and performed in accordance with prevailing
bridge design guldelines.

4.12.1 5mp seal expansion joint mstallanon in SupRB project at companyzan), Sylhet dismict

Fig 4.15 Installathon of strip seal expansion joint
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4.12.2 Stmip seal expansion joint installation in SupRB project at Companyganj, Sylhet district.

Flg 4.16 Installation of strip seal expansion joint
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Chapter 5

Adaptation measures 1n maintenance

5.1 Foufine maintenanceworks

5.1.1 General

Bridge Maintenance Works are cdassified based on condition of the structure. Routine
maintenance work is carried out to prevent the bridge suffering for the deterioration. Cleaning
of bridge surface at curbs and railing, deck drainage system, expansion joints and bearing seat
are low cost are most effective preventive maintenance for bridges_ Also, removing water flow
obstruction and weeds mowing are important routine maintenance work. Routine
maintenance works and PMP [Periodic Maintenance Program) Minor maintenance works are
categorized into preventive maintenance works and in many cases, they are executed under
the direct management of the department. While, PMP major maintenance works and repair
design are generally cutsourced to private professiomal companies.

Routine maintenance

Cleaning Removal of water flow
obstacles

Routine Maintenance Works are the primary maintenance procedure. It should be done
continuously im each district office by his organized team. The planning of Routine
Maintenance works is done by UE or SAE, covering every rout, so that every Bridges and
Culverts are covered minimum twice in a year, If it is not possible to cover all Bridges and
Culverts, the number of Routine Maintenance Works Team should be increased. it is very
important maintenance action for preserve bridges im sound condition. K consists of
“Cleaning”, "Removal of Obstacles” and “Routine Repair”.
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5.1.2 Cleanmg

Along the Curb or Felloe guard

Along the lower roadway curb or felloe guard, the soil, rubbizh and weed are accumulated
and cleaned.

Flg. 5.1. Rermoving of scil and weed by Fig- 5.2, Removing of soll and weed by jet
showel. water

Expansion joimnt and Beanng shoe

The opening of Expansion joint is blocked up by debris (soil, rubbish and weed). The debris is
accumulated by hook/fshovel and cleaned by water. Debris around the Bearing shoe and Shoe
bed are accumulated and cleaned.

Fig.% 3 Blocked expansion joint Fig. 5.4. Cleaning by female worker
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Steel Girder and Concrete Girder at bridge end

Cleaning of steelfconcrete girder at both bridge ends {each 5.00 meter] shall be done at
regular intervals [1-2 times a year). It is very useful preventive maintenance action for bridge
elements. At the coastal region, whole bridge shall be deaned also at same intervals(girders

B deck slab).

Fig.5.5 Cleaned steel plate by jet water Fig.5.6 Cleaning concrete surface by  jet water

Remark: The ideal jet water pressure is, for example 15 MPa and Volume flow 15 liter/min.
If, business jet water cleaner is not available, so a household water cleaner with water

pressure of B Mpa and Volume flow 5 liter/min also  acceptable.

3.1.3 Removal of obstruction
At the routine maintensnce work, Flow obstruction shall be remowved by hook with long
shaft The Flow chestruction is often observed also at Box-calverts and Pipa-culverts.

Fig 5.7 Pierwith flow obstruction Fig.5.8. Pier with flow obstmuction
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5.14 Eemoval of vegetation growth
Under/around the bridge shall be the good airy place, otherwise bridge elements absorb moistwre and
bridge damage is speed up. Therefore, harmful plants shall be remowved at regular intervals.

Fig 5.0 Harmful weed sroundthe brdze Fig. 5.10. Harmful weed under the bridze

5.2 TItems for bridge repar mamtenance

Institutional support for capacity building of LGED, Consultant team of 5d -12, given some sort
of suggestion and technical assistance in relevant tasks: it is already approved by the honorable
Chief Engineer LGED and incorporated in rate schedule of 2022-23.

1. Polymer mortar{1l0 mm)}

2. Polymer mortar (25 mm)

3. 5kim Coat

4. Polymer concrete

5. Carbon Fiber Wrap

6. Carbon fiber laminate

7. Light-Duty Suspended Scaffolding LDS5210m

8. Light-Duty Suspended Scaffolding LDS5=10m
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5.2.1 Skim eoat application

Flgure 5.11.: Skim Coat Application before and after Condition

5.2.3 Polymermortsr application

Flgure 5.12_: Polymer Mortar Application befare and after condition
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5.2.4 Carbon Fibre Wrap

Figure 5. 13.: Application of Carbon fibre wrapping without any air gap

5.2.5 Carbon fibre Lamimating

Fag 514 Al eigoricy pratty b e bothon Face of the sieder s pilace [erbin Liinads
without any air gap
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5.3 Minor repair works
5.3.1. General

The Minor repalr works are included In many cases partly damaged bridge/culvert elements.
Emergency cases such as traffic safety and public safety are taken prlority even for Minor repalr
waorks.
Typical Minor Repalr works for bridges are shown as fallows;
a) Surface

Partial Pavement repalr (Potholes or small Difference in Lewvel at Expansion boint)

Partlal Curb/Sidewalk repair

Partial Ralling repair/replacement

Touch uppainting
Partial Catch basin repair/replacement

Fartlal Dralnagerepalr/replacement
Partial traffic Skgn/Markings repair
b Superstructure
Touch up painting of girder
Partial Replacement of Sub-Element small Honey-Comb repalr
small Spallingrepair
c} Bearing
Touch up painting of steel element
Small Spalling repalr of Seat
d} Substructure
small Honey-Comb repalr
small Spalling repair
Partizl Backfillrepair
Partial Stonemasonny repalr
Partial Gablon wire mesh repakr

Typical Minor Repalr Methods and Routine Malntenance Methods are shown In Table3-1. Plate 1-1
to Plate 1-2 and Plate 2-1 to Plate 2-5 are attached in the Appendix 1 describing detalled method
and procedure for each repair method.
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Table 5.1 Plate list

Plate name Defect/Deficiancy Bemedial Measure
Eoutine Maintenance
Methods
Plate 1-1 Debris accumulation Cleaning
Plate 1-2 Water flow obstruction | Removing obstructions
Minor Fepair Methods
Plate 2-1 Material boss  from | Repalring of stone masonry
Mortar masonry
Plate 2-2 Damage of gablon wire | Partial repalr of gablon mesh
mesh
Plate 2-3 Spalling. Minor honey Hand applied mortar
comb
Plate 2-4 Minor corroskon of steel | Touchup painting
waorks
Plate 2-5 Abnormal bltuminous Partial repalr of pavemeant
pavement

5.4 Minor mainfenance
5.4.1 Description

= Element of the structure with minor defidencies which signify a progression of deterioration
process,
= The structure with elements of condition state is serviceable

542 FBepanr methods

Defect/Deficiency Abnormal Spacing at Expansion Joint Flate 1 -5
Remedial Measure Replacement of Steel joint
Workdescription

The quality and malntenance of the expansion jolnts are vital to the behavior of the bridges and thelr
durability. Accardingly, it should be ensured that expansion jolnts are waterproofed as well as
reslstant toleakage.
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When water leakage occurs at expansion jolnts, dirt, soll, gravel and water are collected an the
bearing seat locations. This condition will initiate corrosion of steel members including the steel
bearings, bottom flanges at ends of stesl girder and steel connection accessories.

This repalr method Is intended for damaged steel type and rubber type expansion joints, which would
be replaced with sultable water-proof type expansion joints,

Concrete cutter shall b2 used to cut both jolnt edges of the concrete surface to form a stralght cutting
line pattern. The defective expansion joint shall then be dismantled after chipping off the concrete
with am electric Jack hammer, The new expansion joint shall be installed with its top level matching
the required finlsh surface. Concrete/grout shall be finally poured, leveled, and then cured,

Photo 5,201 and 5.20.2 shows example of water proof type steel expansion jolnt

Flgure 5.30.1 Structure of the steel expanslon joint Flgure 5.20.2 After Installation

2. Application criteria

Replacement of the steel expansion jolnt shall be Implemented depending on condition of the
expansion joint obtained through Bridge Condition Survey and dally malintenance activities or
Information from road users.,

Following conditions can be referred as one of the Standards for decision of replacement of the steel
expansion joint,
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1. Work description

Function of a bearlng shoe s transferring all load from a superstrocture including own load of
the superstructure to &8 substructwre such & an abutment and a pler.

In case the bearing shoe has some defect, a road surface will lose its flatness and causes impact
to both of the superstructure and substructures. This Impact will to be a cause of damages to
the superstructure and substrectures.

Meanwhile, rusting conditlon of the bearlng shoe area Is one of the maost serlous areas due to
narrow space and concentration of debrls and water,

Effective service life of elastomeric bearings s estimated to be 15 25 years. As the material ages
during its serviceability period, it exhibits severe bulging or cracking. These are signs that the
elastomeric bearings need to be replaced,

Replacement with new bearing shoe should be performed strictly in accordance with the
relevant technical reguirements and recommendations provided by the bearing manufacturers,
Installation should be performed by highly experienced staff subject ta close supervision.
Usually, the jack-up girder techrique ls utilized to allow for replacernent of bearings. During
replacement of the bearings, traffic may remaln opened but with imposed restriction on passing
speed as safety precaution. The girder shall be jacked up to around 5 mm to 10 mm, with one
Jack stroke.

—— Ullarpeens Hubks

Inner Heeel Plaie
Hisiface Hubteass

2. Application criteria
Replacement of bearing shall be Implemented If existing rubber bearings already exhibited severe

cracks and abnormal bulging. Oid steel bearings need to be replaced especially if loose connections
were found.

The capacity of the mew bearing should be the same as the old bearing, subject to approval of the
engineer.
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5421 Case studies

Case Smdy 1: Minor Maintenance

Uneven concrete surface, fine honeycomb repair by using high
performance polymer mortar (Laver thickness 0 40mm fo 2man

Flg 5.21.1 Concrete surface having fine honeycomi

Fig 5.21.2 Concrete surface having fine honeycomb

Scope

This method starement describes the step by step procedure for paich repair work of concrete blow
hole, bug bole and fine hooeycomb

System Descriprion

Sika® MonoTop®-T11 MY is a high performance, one-part, cementions polymer modified based
filling and levelling plasters for concrete surfaces. Sika® MonoTop®-T11 MY consisis of finely

crashed high gquality limestone. Sika® MonoTop®-711 MY is a surfacing mortar a5 an essenfial
surface preparation to obfzin superfine finish coating and painting application.
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Level nneven substrates such as concrete, aerated concrete, hollow bleck walls, ight-weizght
blocks, etc.

Filling componnd for level off imegulanties and fill Blow holes and fine honeycomb.

Suitable for both internal and external nss.

Characteristics’ Adventazes

Provide very fine surface finish on walls, ceilings, etc.

Grear durability and flexibiliny

Quick drying and easy to apply

Thicknsss of the plaster can be varied fo minimize wastage
Mon-cracking when applied at correct thickness and properly cured
Easy to mix — just add water

Good adhesion

Can be applied by spraying

Importent Ceonsiderations

Becommended thicknesses of S5ika® MonoTop®-711 MY is 0.4 mm min /2 mm
Imax.

Do not nse Sika MoopoTop®-711 MY on painted or gypsum surfaces.

Samrated surface dry (55D} Condition is strongly reconimendsd before spplication of
Sika MonoTopE-TI1IMY.

If Sika MonoTopE-711 MY is using a proteciive coating, the compatibility of the
coating must be tested, e.z. adhesion

Products shall oaly be applied in accordance with their intended use.

The most recent and relevant local Product Data Sheets (PDNS) and Material Safety
Data Sheets (5015 shall apply.

For specific consimection / build information refer to the Architect’s, Engineer’'s or
Specialist’s details, drawings, specifications and risk assessments.

All work shall be carried out as directed by a supervising officer or a gualified
Engzineer.

This methed statement is only 3 guide and shall be adapted to smit lecal produocts,
standards, legislation or other local requirements

Heme of Product Function Packaging

MY

Sika® MonoTop@-T11 High perfonmance, one-part, 25 kg bag

cementitons, polvmer modified
fimish skim-caot

Misterial Storage

Biaterials shall be stored properly in nndamagad origmal sealed packaging n dry cooled conditions.
Befer o specific mformation contained in the prodoct data sheat regarding minimuwm and maxinmm
SIOCAZE Temperammres.

Subsirate Preparation

The concrete subsirata shall be in 3 good sound condition and free from dust, loose material, surface
contamination and materials which reduce bond. Delaminated, weak, damaged and deteriorated
concrete shall be removed by suitable means.
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If necessary, sound concrete shall also be removed bat ooly as directed by 2 supervising officer or
BOEINEET.

Asmlicats

Put around B0 to 90% of required water in the mixing drum. followed by Sika® MonoTop®-711 MY
and then add the balance water.

Mix powder mechanically with water at water-powder ratio of 0.33 by weight (8.25 L of water for 25
kg bagz) with low spead (max 500 rpmw]) electric drill until 3 smooth consistency is achieved.

Fig 5.23: Mizing of materials

The concrete surface must be wet before application. If required. thoroughly wened down prior to the
mortar application.

Apply the mortar by hand with a steel wowel or spaala. The cost is then levellad off to 2 smoeoth
surface with a steel trownel.

Page | 109



Ensure that the applied coat is dry before spplication of subsequent coats. Apply the entire mortar
within 2 hours (*Pot life at 25° C)

T prevent premamre drying out of the mortar, keep it moist if exposed to strong sunshine and wind.
Application Limits

Avoid application in divect snun andfor strong winds.

Do not add water over the maximum recommended dosage.

Always check the material’s pot life and adjust for climate conditions

Temperamre of the repair mortar and the substrate shall not differ significantly.

Curing

Protect the fresh marerial from premature drving. Cure exposed arsa with proper curing methods for at

least 3 days or spray with appropriate curing compound once the mortar starts o stiffen. Suitable
curing covers include jute and water, plastic sheets or other snitable membranss

5.5 Major maintenance
5.5.1: Casa Stady

= Element of the structure with advance stage of deterioration.

*  The smocturs with elements of condition state 15 almost close of danger in providing zafe
SETVICE.

Fig 5.24.1: Girder side Beguire Maintenance
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Fig 5.24.2: Concrete spalling from girder side Fig 5.24 3: Girder bottom rebar
and rebar exposad exposad

The sbove figures, fig. : 5.24.1, fig.: 5.24.2 and fig. 5.24.3 cases deterioration are allke to fig.5.25, So the
treatment solutions example are described in below :

B.10 m RCC Girder Bridge on Ghorashal Bridge (RHD)- Raniganj GC [ Taraganj Bazar) Via Jamalpur GC,
Showride GC | Kaliganj Part] at chainage - 3900 m [RI: 333342001, 5I: 33334200113], Upazila-
Kaligamj, District- Gazipur. Dated: 20 January, 2021

Fig 5.25: Deteriorated deck slab

Page | 111



Flg 5.26.: Close view deterorated deck slab

Smuciural obzervanon details:

Exlsting §.10m ROC Girder Bridge shows that the bottom rebar of the deck soffit exposed from concrete. There
i no clear cover at the bottom rebar of bridge deck slab,

Fecommendstions

First of all, existing loose concrete from the affected area will be removed and affected rebar from the deck
soffit has to be cleaned properly. After cleaning of affected area washed properly by water |etting, rust off
chemicals and anti-comosive chemicals has to be applied in the rebar. Then, Pelymer mortar applied an the
surface layer by layer, before applying the prime coat old concrete should be in 550 condition. Finally, curing
compound will ke applied,
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Fig 5.28.: Repairing of Deck Soffit mn.me:
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Major Maintenance 2

Site Situation-1: Corroded concrete pler without exposed rebar

Flg 5.29.: Corroded concrete pler without expased rebar

Substrate preparation:

The concrete substrate shall be In a3 good sound conditon and free from dust, loose materlal, surface
contamination and materials which reduce bond, delaminated, weak, damaged, and deteriorated concrete shall
be removed by sultable means.

If mecessary, sound concrete shall also be removed but anly as directed by & superdsing offlcer or engineer
Application of Epoxy crack injection

1 Cutting V shaped groove of slze 15x15 mm all along the crack line by concrete cutter machine.

2. Create holes of diameter & mm at 200 mm along the crack line,

3. FlxMS or Gl Nozzles/surface packer {threaded at cuter end) shall be fixed by epoxy adhesive at mouth
of the same haole, Seal the remalining crackling with Epomey

4. Inject epocxy with a suitable Injection pump.
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Fig 5.30: Cracked Surface

Site Srmation-2: Vertlcal crack in concrete pler withowt major damage.

Flg 5.31.: Vertical Crack without Damage
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Application of bond coat

= After mixing, apply adheshve directly to the prepared substrate by brush orroller. On damp surfaces,
ensure that it s well brushed in.

= Apply the repair mortar onto the bond coat within 4-5 hours, as long as, the coat is still tacky.

Application of repair by nsing polymer mortar
= Put around B0 to 90% of required water in the mixing drum

= Mix powder mechanically with water at water-powder ratio of 0.15-0.16 by welght (4.5-3.8 Itr of
water per bag) with low speed (max. 500 rprm) electric drill to avold entraindng too mwch air.

= Apply the entire mortar within 20-30 minutes [*Pot life) at 30° C

= Toprevent premature drying out of the mortar, keep It molst if exposed to strong sunshine and
wind. Cure with proper curing methods for 3 days

Fig 5.32.: Pler Repalr by Palymer Mortar
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Application of Carbon fibre wrapping using primer
Apply Sikadur®-330 1N on the concrete surface,

Apply SlkaWrap® 230 C over Sikadur®-330 IN adhesive by dry/'wet application process using wrapping
raller.

Follow manufacturer guide line In application process

Site Simation-3: Major honeycomb in -girder

Fig 5.33.: Major Honeycomb

Subsirate preparation:

1. The concrete substrate shall be in 8 good sound condition and free from dust, loose material,

surface contamingtion and materlals which reduce bond. Delaminated, wesk, damaged, and
deterlorated concrete shall be removed by sultable means.

2. If necessary, sound concrete shall also be remowved but only as directed by a supervising officer
of engineer
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Flg 5.34,: Application of grout using pressure pump
Place the formwork with entry and exit cpening.

Put around 80 to 90% of reguired water In the miking drum, followed grout and then add balance water
slowly to get the desired consistency.

3. Pump the grout within 20 minutes grout through the “mauth” of the formwork allowing the material to
flow to the opposite end.

4. Ensure a process of continuous pouring to avold air entrapment and prevent the growt fow from
coming to a stop before the grouting operatlon Is completed.

5 Follow manufacturer guide line In application method staterment
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Flg 5.35.: Work on process

Major repalr methods

Defect/Deficlency: Water Leakage/Efflorescence
Remedial Measure: Fluld Recasting Mortar/Concrete
‘Wiork descriptions

Recasting rmeathod, which Invalves casting of the damaged area, by placing concrete or grouting mortar on the
formwaork, Is usually most sultable for severely damaged concrete, or for largely damaged areas with densely-
spaced rebar. If concrete placing by wibration Is often a problem, grout and free flowing self-compacting
concrete should be adopted to minimize the vibration reguired.
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Typical Damags: Becasting Mortar'Concrate

Flg 5.35,: Rebar Exposed In Girder

Application Critaria
Recasting Concrete/Grout ks divided Into two methods narmely,
.  Concrete Placing and
Il.  Ddostar Grouting,
Further, the Mortar Grouting has two categories depending on materials used, Le.,
L Portland cementand
il Mon-Shrink Cement.

Considering the damaged position, scale of damage, formwork shape and density of rebar, the application of the
recasting materal such as concrete and grout shall be selected.

Work sequence of Recasting Mortar/Concreta
1. Start
Removing damaged concrete

Removing rusted rebar s & placing new rebar's

installing form

Applying bonding coat on surface of existing concrete and rebar's
Casting concrete

Curing concrete and removing form

Feguired Equipment Tools and hiaterisl
The following Tools/Equipment are necessary for the Recasting Mortar/Concrete

Sawing Equipment

Ng AW
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High Pressure Water Blasting
Handy Concrete Breaker or jackhammer
Handy powerChisel
Concrete Mboer 30 liters
hortar Mixerwith Pump (For Mortar)
Vibrator
Troweling tools
Material
The following Materlals are necessary for the Recasting Mortar/Concrete,
For Concrete
Portland Cement
Silica fume
Aggregate,/Sand
Rebar
Epoxy Resin Adhesive {Bonding coat)
Anti-corresion Frimer to Rebar (Zinc Rich Primer)
Cotton mat (Curing)

For MMortar

Bortland Cement [Cement Mortar)

Silica fumne

Sand

Relnforcing steelbar

Epouxy Resin Adhesive (Bonding coat)

Antl-corresion Prinner to Rebar (Zine Rich Primer)
Mhisterial

The material shall be approved by the Engineer through mill certificate of the supplier

Concrete mixrs:

The actual mib portion shall be determined durng a field mixture test and approved by the Engineer, These
guantities will make about 0.03 cublc meters of concrete and would be fully accommodated in a small mixer,

a) Cement; Portland cement 13.0 kgwith Silica fume 0.5 kg (If Sllica fume B unavailable, use 13, 5kg
cement)
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b} Crushed aggregate; 36.0 kg { 10mm down graded)
cl Sand; 18.5 kg (assumed 2% water content)

dl Water; 5.4 [fbers (maximum)
g} Superplasticizer; 25mi {nominal)

Epoxy bonding primer

Epoxy bonding prirmer shall conform to the Specifications

Specification for Epoxy bonding primer

bmpu't_'.r Tast Method Urmit Specifications
Compressive Smength ASTM De95M M/ T
{Flexural Strength ASTM D790M MN/mm2 40
Teansile Smength ASTM Da38M M/mm2 30
Tensile Shesr Bond to Steel ASTH D100O2 M/ mim2 10
{5lant Shear Bond to Morter ASTM CREZ MN/mm2 15

The Zinc-rich primer applied to rebar shall be In accordance with the specifications or equivalent ASTM

Specifications

Specifications for Zinc Fich Primer

Property

Test Method

Unix

Specificanons

Gioss (@ 60 Angle

ASTM D 523
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Adhesion ASTM D 3359 - MMininnon 34
Salt Spray Flesistance ASTM D3-37 - Excellent
% Zinc by Weight in Dried Film Test % B7.52
Work requirement

The Contractor shall submit the Methodology Procedure of the Work to the Engineer for his revlew and
approval before commencement of the work,

Peemoval of demaged concrete

Old concrete shall be removed g approved by the Engineer for all the areas determined to be defective. Saw
cuts shall be made on the surface of concrete. Concrete saw shall be used to provide vertical edges with
approximately 20 mm depth around the perlmeter to be replaced. Girder concrete ks removed by breaker and
portable electrlc chisel near the vertical edges.

Femoving msted rebar and supplving new rebar

Any damage to the rebar to remaln in place shall be repaired or replaced to the satisfaction of the
Engineer at the Contractor's expense. All existing rebar shall remain In place except those which are
significantly corroded.

Deterorated old rebar which lost 20 percent or maore of thelr orgingl sectlonal area shall be cut up and
be replaced by new reinforcing bars. Mew bars to be provided shall be of same or bigger dlameter than
the existing one, conskdering the current loading condition,

The lap length is calculated as 30 times of the new rebar diameter. The new rebar shall be tied to
the existing bars using tie wires.

The new bars shall be coated by zinc rich primer. An approved mechanical bar splice capable of
developlng in tenslon at least 3 to 25 percent of the yield strength of the existing bar shall be used when
It Is mot feasible to provide the minimum bar lap.

When replacement of rabar 15 required, followings shall be taken into consideration:
Wecessity of scaffoldings:
In case all main rebar of the girder Is reguired replacement, installation of scaffoldings B necessary.

heanwhile, in case of partlal replacement of the main rebar of the girder, necessity of the
scaffoldings Is depending upon stress condltion of the girder after removing some of rusted
rebar. Examinatlon of stress condition of the girder will be carred out with consideration of load
distribution effect by cross beams, traffic restriction and reducing safety factor of remalining
rebar,
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Installation of the scaffoldings

In case Installation of the scaffoldings required, requirements of the scaffolding are as follows: (Refer
Fhgure 3-5-3 Example of the Scaffolding structure)

Scaffolding member shall be strong enough against imposed boad from the glrder.

Buckling strength of the scaffolding member shall be examined. Stability of the scaffolding system shall
beexamined,

Bearing capacity of a foundatlon of the scaffolding structure shall be examined, Any settlement of the
scaffolding structure will not be allowed. Therefore, the foundation of the scaffolding structure shall be
designed carefully.

The scaffolding structure shall be remained wntll strength of new concrete reaches its design strength.
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Fig 5.37.: Example of the scaffolding structure
Application of bonding coat

The concrete surface to which the bonding coat Is to be applied shall be wet using potable water to
achleve a molsture condition such that the concrete will not absorb moistwre from the mortar, The
wetting period will depend upon the substrata condition and the bonding coat manufacturer's
recommendations, subject to Englneer's satisfaction.

The surface shall then be left wet until the free water has evaporated before the bonding coat = applied,
Usimg a brush, the coat shall be applied to the exposed concrete surface and exposed concrete
relnforcemeant. The subseguent coat shall be applled while the previous bond coat |s still wet or tacky.

Rebar rust must be removed before placing the new concrete. If the damage ks due to chloride
contamination, it is essentizl to remove all the rust from the rebar, as the residual rust [contaminated
wiltth chlorides) could restart the corrosion process at a later stage. The surface of cleaned rebar showld
be coated with zinc fch paint for protection against future correslon.

Rebar rust must be removed before placing the new comcrete. If the damage Is due to chloride
contarmination, It s essentlal to remove all the rust from the rebar, as the residual rest (contaminated
with chlorides) could restart the cormosion process at a later stage. The surface of cleanad rebar shouwld
be coated with zinc rich paint for protection against future corroslon.
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Fig 5.38: Bonding coat application

Installation of formwork

The Contractor shall submit the shop drawings of the formwork of recasting concrete prior to the
commencement of the repair warks for obtaining Engineer's approval

Casting type of repairs must be very rigid and well- supported to prevent the new concrete from sagging
away,

it shall also withstand pumping forces if concrete ks to be poured Into forms. The formwork shall also
withstand the forces of clamped-on external vibrators.

Formworks should be provided with slit hoppers and openings where appropriate for placing new
concrete or grouting mortar and for Inserting poker vibrators. Form-releasing agents to be used should
be compatible with the repair materlals, particularly Epooy-based and latex-modifled concrete and
grouts.

Miving and casting mortar concrate
A mechanical batch mixer should be used to ensure homogeneity, workability and good board life, Clean,
potable water shall be used and the maximum amount added shall be consistent with optimum
workability. Hand mixing shall not be permitted unless approved in writing by the Engineer, who should
outline hand mixing procedures,

The finkshed color should not be analyzed untll addition and full mixing of the cement materials and
water arecomplete.
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Alllarge damaged areas shall be re-cast to accurately restore the original face of the member.

Concretefcement mortar shall be pumped through the pour access holes, Spacing for pour access holes
shall not excesd 600 mm. Vibrators, placed on the outside face of the formwark, shall be used to achlewve
proper consolidation. The maximumn time allowed between the delivery of grout to the site and the
grouting process shall not exceed &0 minutes,

Curnng and protection
Continwows water cure with spray-water ls ahways preferable as membrane cure, which helps slow down
drying process.

Formworks for load bearing structural members shall remain in posithon until at least B80% of the 28 day
compressive strength of the new concrete |s achleved and approved by the Engineer.

Field Test

Compression tests and fabrication of specimens for cement grout will be performed as specified InASTM
C 109, at Intervals selected by the Engineer during construction.

A set of three specimens will be tested for 1 day, 7 days, 28 days, and additional time period 25
appropriate,
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5.6 BEehabilitation
56.1 Sample case study of Climate Adaptation Measures in Eehabilitation

The inspection of the 126m Makla Bridge was undertaken as part of the SuPRE project’s systematic
imitiative to assess the condition of rural bridge infrastructure and ensure long-term serviceability. The
bridge, which serves as a vital connection for local communities, facilitates daily transport of people,
agricultural products, and essential goods. Due to increasing traffic demand and exposure to seasonal
flooding, the bridge was prioritized for detailed assessment to determine its current structural health
and identify emerging risks. The inspection aimed to document the condition of key components—
including the deck, girders, bearings, joints, and substructure—while evaluating environmental impacts
such as scour and  erocsion.

Observations and findings:

The back approach abutment ercded and pile exposed

Poor concreting in piers, pile and girders.

Half of the river almost silted i.e., around 55 m at front approach side.

Marrowing water flowing area.

Adaptation measures and design solutions:

Micro concreting to the pile and affected girder.

permanent casing used in head of pile and inject micro concrete through the hole,
Pier colummns were treated by polymer mortar

Fiers being corroded are treated by polymer mortar to gain its original shape

Dredging from the silted part of the river and filled by the same dredged sand to the eroded
approach.

To protect the erosion/scour of the back approach and subsidence from hilly flash flood filled the
abutment ditch and laying geo bag over the filled area and its  wicinity.

Cutting the silted part of the river and recover the original river shape and ensure the full
flow/discharge through around the year.

Reshaping and carpeting the approach for ensure normal traffic mowvement

Rail bar and rail post coating by thin road marking paint and rail posts wrapping by the retro-
reflecting paper.

Both approaches painting by thick road marking paint.
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Existing condition before work. Piles rebar exposed.

Before rehabilitation and under ongoing repair work of 126 m bridge 1D 383672003 at Ch. 11300m,
Upazila Makla and District- Sherpur.

Fig.5.7 Rehabilitation of 126 m bridge ID.389672003 at Ch. 11300m, Upazila Nakla and District-
Sherpur.
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After work completion

Fig.5.8 Rehabilitation of 126 m bridge [D.38%672003 at Ch. 11300, Upazila Makla and District-
Sherpur.
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562 Casestady:
5.6.2.1 Example: Rehabilitation of 405 m P5C Girder bridge with extension of viaduct both

end, total length is 765 m wzirpur , Barishal.
1. Dewvelopmg Strip Maps: Collecting the necessary Information’s of amy particulsr site stip maps s wery
effective toolks,

Page | 129



= P
R —
e ]

Page | 130




Sl ¢ B,
i e bar 1
B S e iy e

-
e ok S

o —
|

|| - £ L ]

e i
L L BN

2. Conducting tests and collect additional data; Generallty sub-soil investigation and topo survey was done
for all the schemes except the maintenamce. To have the In-depth |dea about concrete and its
relnforcement, we had done some nondestructive test like Ferro scan test, to ascertaln rebar condition &
itz spacing, UPV test, Rebownd Hammer test to confinm the concrete strength, on Balata bridge, Gopelpur,
Tangall. [Test results Enclosed at the end).

3. Conducting engineering analvsis: Having the kdeas from strip maps and test reports, analyze It properly
and structural design had also been done where it is needead,

4. Dietermining the most appropriate repair options: Choose the following trestment options in where itis
mast appropriate based on the condition assessment of the particular bridge.

1] Usza polymer mortar: if the depth of the cavity by spalling concrete up to S0mm should be filled
by nan- shrink palymer. Mortar. (Photo Attached],
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5.6.3 Case study:

5.6.3.1 Exampls: Rehabilitation of B0.5 m Girder bridge at bolata Gopalpur, Tangail.

The 80.50-meter Belata Bridge in Gopalpur under the SuPRE project showed varying levels of structural
distress, reguiring both reconstruction and retrofitting measures. The middle portion of the bridge
was found to be severely damaged and will be fully demolizhed and rebuilt to restore structural integrity.
The remaining portions, although less deteriorated, will undergo retrofitting based on findings from
Ferroscan, UPY, and Rebound Hammer tests, which confirmed major cracking and material degradation
imthe girders. The combined approach ensures safety, durability, and

Figore 1: Exastmg Condifion of Gopalpor Brndge Figure 2: Baily Panel m Mid-Span

continued serviceability of the bridze within the SuPRE framework.

1. Developing Stnip Maps: Collecting the necessary information’s of any particular site strip maps
is very effective tools.

2. Conductng tests and collect addifional data: Generally sub-soil investigation and topo survey was
done for all the schemes except the maintenance. To have the in-depth idea about concrete and
its reinforcement, we had done some nondestructive test like Ferro scan test, to ascertain rebar
condition & its spacing, UPV test, Rebound Hammer test to confirm the concrete strength, on
Balata bridge, Gopalpur, Tangail. (Test results Enclosed atthe  end).
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Structural Test Findings & Observations

Rebound/Schimdt Hammer Test
Table- I. Summary of Rebound Hammer Test Result from Test Report
Girder/ Size Avg. Hammer Comp. Strength | Comp. Strength
{mm)/Location Febound | Position Angle {ps1) (MPa)
H7 (380~1000) /B-& 20 a=0° 1500 10
HE [380=1000)/C-1 20 a=0° 1500 10
H4 [380=1000)/A-2 32 a = 0" 3320 23
HS (380x1000)/C-5 30 a=0° 2990 21
HE (380x1000)/A-5 28 a=0° 2800 19
H1 [300x940)/D-4 37 a=0° 3320 23
H2 (300=540)/D-3 30 a=0° 2930 21
H3 |380=1000)/C-2 28 o= 0" 2800 15

Table- II. Quality of Conerete Accordmg to Febound Momber (As per IS 13311 — Part 2)

Average Eebound Number Chaality of Concrete
=40 Very pood hard layer
30—40 Good layer
2 —30 Fair
= M Poor
] Delaminated

3 Conducting engineering analysis: Having the Ideas from strip maps and test reports, analyze it propery and
structural design had also been done where it s needed.

Based on the structural assessment and material strength evaluation conducted under the SuPREB
project, the middle span of the Bolata Bridge was identified as critically distressed due to extensive

structural deterioration. The deck of this span consists of a temporary Bailey panel system, which has
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also degraded over time and is no longer capable of zafely carrying heavy vehicular loads, making full
reconstruction the only technically justified option. Rebound hammer tests performed on the girders
of this span recorded average compressive strengths [10 MPa) below 20 MPa—significantly lower
than the expected capacity for reinforced concrete members in active service—confirming
substantial material degradation and inadeguate residual strength.

Ultrasonic Pulse Velocity Test

Table- ITT. Summary of UPV Test Eesults of Balata Bnidge from test report

SL No. | Member | Size(mm) | Member ID Tima Crack Depth
(Microsecond) {m)
UpPv-1 Girder 300 = 1000 &5-1 G541 0.306
Upv-2 Girder 300 = 1000 B-1 21666 0.0659
UPv-3 Girder 300 = 1000 -3 4120 0.518
LPY-4 Girder | 300 = 1000 Cc-1 263.0 0.029

Owt of the five spans, the four spans excluding the middle span exhibited comparatively less structural
damage but still required rehabilitation to ensure safe performance, UPY testing identified the presence
of cracks In several girders, and detalled crack mapping was carrled out to document their locations and
extents. This systematlc dentification enabled proper marking of distressed zones and facllitated the
planning of appropriate rehabilitation messuwres for resto ring the structural integrity of these spans

3. Determining the most appropriate repair options: Choose the following treatment options in where it
Is most appropriate based on the condition assessment of the partlicular bridge.
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8] Micro Concrete: it Is flowable high strength concrete. it Is use where normal concreting s difficult.
For malntenance wark micro concrete ks very effective, (Photo Attached)

b) Imjected epoxy resin: Epoxy resin Injection using pressure Injection machines to seal crack and prevent
further deteroration. (Photo Attached)
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¢)] Carboan Fiber Wrap & Carbon fiber laminate: Application of FRP [Fiber Rednforced pobymer) larminztion and
FRP fiber wrapping to enhance load-carrylng capacity and extend the service life of the spans. Through these

rmeasures, the bridge’s structural safety was significantly enhanced while optimizing resources by combining
selective reconstruction with retrofitting. (Photo Attached)
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56.]1 CaseStody
Eehatilitation of Salepur Brdge at Savar, RHD

Fig 5.39.: Depression of deck

Fig 5.40.: Flexural crack of girder
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Working Steps:
= Remove allthe poor concrete
= Inject epoxy In cracks
= Restofthe concrete cavity filled by micro concrete
= Apply Puttyand
= Apply Carbon fiber wrap without air gap

Fig 5.41.: Concrete cavity filled by micro concrete and epoxy injection apply epoxy putty at the bottom
face of the girder and place Carbon laminate without any alr gap.
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Micro concrere

Pouring micro concrete from the top of deck slab. it is self-flow able, self-compecting and high performance
concrete Le, about S0Mpa. Curing time ks only 12 hours. in this case, they are using micro concrete with 15nm
thick on the top of Smm metal sheet having shear key for better anchorage with concrete. Then it becomes an
integral part of the deck slab and this metal sheet will act as a relnforcement of the concrate.
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Fig 5.42.: Smm metal sheet

Flg 5.43.: Retrofitting Stesl truss place on a pler cap with bearing
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5.7 Bnidgemsaintenance rehabilitationsnd new constuctonwork under suprbproject.

For the malntenance of existing bridge and construct new bridge In rural reads Local Government Engineerng
Department [LGED) of Bangladesh has start & project name program for supporting rural bridges project
financed by World bank. The scope of services under this project Is to provide high guality professional advice,
management and Implementation support to the department for effectively Implerment the program.

Actually, under this project includes & Interventions. They are likely below:
minor maintenance
bajor Maintenance

Rehabllication

Il Capacityexpansion
Replacement and
Ll Mew Construction

Thie main activities of malntenance tearm {3d - 12) are focus an Minor and Major malntenance and rehabilitation

scheme which are prepared from field come to consultant office through PD office. Then Maintenance Team
(SupRE 50-12) verifles these schemes with need base fleld visit and send to PMU for approval, And in case of
other three interventions only provide estimate preparation on the basls of supplled approved design

5.8 Conclusion and recommendatons:

in SupRE project it has create huge opportunity to safe so many bridges from deterioration and increase its life
span to Improve connectivity for a certain perlied. LGED should take some step to continue the project for some
MaFe years.

Current bridge assets of LGED In UZR & UNR
Existing bridge & culvertsin UZR is 436091 m
Existing bridge & culverts in UNRis 347510m

Total length of existing bridge & cubverts in UZR & UNR 783601 m
Total exdsting gap UZR & UNR ks 158039 m
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5.8.1 SupP B projectachisvement with complisnce adsptation

Ower the past five years, SUPRE has implemented thousands of interventions nationwide, combining
traditional engineering with moderm materials and methods. The summarized progress  is presented
below:

Intervention TotalNo. of Scheme | Achieved Length (m) Amowunt (Lac tle)
Minor Maintenance 1664 &0658.58 18,063.45
Major Maintenance 1314 3302942 1757945

Rehabilitation 26 4036.80 203743
Capacity Expansion 92 2629.60 18,905.25

New Construction 115 5573.66 6126997
Replacement 581 1505039 198,572.90
Total 3792 121978 45 322 428 45

5.8.2 LGED s bridge asset under SupF B project & requirement to address remaining assets.

& huge bridge asset described in abowve and project coverage comparison given also by data base
achievement. A few numbers of existing structures and new construction or amy means of said six
interventions are addressed. Rest assets nead to address by any follow-up project to sustain smooth rwral

connectivity.

Bangladesh perspective to infrastructure development, it is essential to prepare for long-term adaptation
strategy and necessary to identify all present vulnerabilities and future cpportunities, adjusting pricrities
and emphasis the infrastructure anmd connectivity, promoting training and need assessment of
reguirement all individual structural health throughout the country's entire assets of LGED.

This manual will be useful for those considering specific enginesring design, construction and
maintenance options to make bridge infrastructure more resilient in a dimate alvered future.
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50 Some sood practices picmre of evecuted bridee schermes nnder differenst interienitions:

Fig 5.44.: Before and after minor maintenance of Brick Cubvert
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Fig 5.45_: Before and after Minor Maintenance work of 3 Span RCC Girder Bridge

T

Fig 5.47.: Before and after Minor Maintenance PSC Girder Bridge
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Fig 5.50.: Before and after Major Maintenance P5C Girder Bridge
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Fig 5.51: Embankment Slope Compaction work

Fiz 552 50.00m long ROC arch Girder Bridge
Fig 5.53.: 60.05m long RCC Glrder Bridge new

construction on existing gap

Fig 5.54.: Completed Bridge in under Fig 5.55.: Completed Bridge Arch Girder
SupRB Project. Bridge under SupRB Project.
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Fig 5.56.: Completed RCC Girder Bridge under Fig 5.57.: Completed Major Maintenance
SupRB Project. under SupRB Project.

Fig 5.58.: Major Maintenance of Culvert under Fig 5.59.: Completed RCC Girder Bridge under
SupRB. Replacement Category of SupRE Project

Flg 5.60.: Minor Malntenance of Bridge under SupRE Project
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