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1. Introduction and the structure of the report

1.1. Introduction to the damage assessment report

This report will explain the methods adopted by the Centre for Urban Water (CUrW) for the loss
estimationsfor the simulated past and future flood scenarios. Dissels will generally occur in the
following aspects.

9 Structural damage for buildings (Damages to the building structural elements such as walls/roof)

1 Content damage for buildings (Damages to the gwininside the building such as
sofas/television/refrigetor)

1 Damages to the economic activities (Damages occur from not conducting the economic activities
such as interruptions to businesses etc.)

1 Damages to the prominent infrastructure (such as bridgads, culverts, telephone connection

points and poleslectrical infrastructure, flood protection structures etc.)

Damages to the vehicles

1 Expenditure for relief (cost borne for the relief requirements of the flood affected people, which is
usually bornby the relevant governmental authorities such as Risddanagement Centre,
National Disaster Relief Services Centre, Municipal councils, Urban Councils and Divisional
Secretariats)

=

There are more types of damages that can be seen in a disaster, whitt aasily captured by a
physical property, such as the value of a (lost) human life and the extent of a disease outbreak which is
due to the cascading effect of the flood event.

Currently, CUrW adopts damage functions prepared for the structural darmadehe content damages,
which were prepared based on the field surveys carried out by the internal staff of CUrW, in order to
calculate the respective damages. At the same timeWWCé&ieks opportunities to develop relevant
damage curves for the otherpgs of the aforementioned damage categories, through possible
partnerships, methodologies and workarounds.

1.2.  Structure of the report

The rest of the report will initially explain theoncept behind damage assessment, the methodology
adopted for the struatal damage calculation and the development of the damage curves for the structural
damages, the methodology of development of the content damage functions, computational methods for
the damage calculation and how CUrW has adopted rapid calculation nletiesidor the damage
assessments.
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2. Damage assessmerdncept

2.1. Introduction

Flood damages are assessed considering the flood hazard, exposure of the assets (buildings in this case)
and the vulnerability of the exposed structures, by the following formula

Damage = flood hazard x exposure X vulnerability

Here, the flood hazard is expressed by the flood inundation maps, which are often the resuftsaaf the
simulation exercises. Flood inundation maps for a particular flood scenario produce two important
information: flood extent (area of inundaticand the flood depth at the inundated locations.

Exposure the is the placement of the assets, buildintfis case (if the people at risk is concerned, the
exposure would be the peoples' locations). Alongside, the building properties are considascstagée

such as structural properties for the structural damage calculation and the building useesdtagie

content damage calculations. There are five structural damage categories and nine building use categories
considered in assessing damaigdhis study, as mentioned in the Sect@mror! Reference source not f

ound.. These exposure maps are available in the form of vectors (shapefiles), having attributes of building
structural fabricabn and the building use, for each of the individual buildings.

Vulnerability is contextualized by the vulnerability (damage) functions and the base damage values for
each of the building exposure category as discussed in s8c@mor! Reference source not found. T

hese functions can be modelled in the Geographic Information System (GIS) modelling software, in order
to calculate the damage for a given flobiQure 1 demamstraes the concepts of hazard and exposure,
where the flood map (hazard) is overlaid with the building footprint layer to show the exposure of the
building to the floods.
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Figurel. Hazard and Exposure: Hazard is shown byldoel map, where the colour intensity is linked to the flood depth, and
the exposure of the buildings in the vicinity is shown by the buildings which have overlapped with the flood map

3. Derivation of damage functions for structural damage

The damage funains fa the structural damages are directly drawn from the study ikomolafe et al.,

2018 which studies the floods in Sri Lanka for the 2010 floods. Since a comprehensive methodology of
derivation of the damage curves and many more information is presented in the aforementioned study,
only a summary of the methodology will be explained unkisraetion. The full paper is annexed to this
report at Annex’.L

3.1. Data collection

For this study, data is collected as a questionnaire survey in the flood affededarthe recent flood

events. There have been 297 mytents, who are mainly adults who have a clear memory of the recent
flood events. Data on the replacement cost and the repair cost of the damaged structural items were
collected in this survey, algside with the flood depths and the type of the buildnthe relevant flood

event.

The basic types of the buildings are taken adJ@einforced masonrlgearingwalls, (B) Concrete frame

with unreinforced masonry fill wall§C) Woodenstructures, (D)XCommercial buildings as identified by

the World Agency b Planetary Monitoring and Earthquake Risk Reduction (WAPMERR) and as
documented by United Nations office of Disaster Risk Reduction (UNISDR). Here, it is assumed that the
commercial buildings are Buwith concrete frames and unreinforced masonry wallg/ell, however the
finishes and the furnishes would be different from the general residential buildings. Furthermore, one
more building category was identified as (E) Watta, in order to complyetdottal conditions. The
category Watta usually contain ridely populated dwelling units often made with temporary building
materials or with unreinforced masonry bearing walls.
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3.2. Derivation of damage functions

For each of the building category, the struatwlamage ratio is calculated taking the total replaoeme
cost and the repair cost in to consideration, in the following manner.
Repair Cost

Structural D Ratio = » 1009
‘uctural Damge Ratio Replacement Cost Yo

It should be notedhat the aforementioned repair cost and the replacement costs are calculated per unit
area (1 M. And then, the structural damage ratio is plotted againshtimelation depths of the damaged
buildings. Then, based on the following relationship structdaenage functions were derived for the
building categories.

Damage Ratio = Cyln(x) + C;

where G and G are characteristic constants for each building category and x is the flooddepthr

The reason to choose the aforementioned structure is due to the logarithm graph shape property of
reaching a stable number with the independent variable. In thistltasgtable number is often the
maximum structural damage ratio, and usually iexpected to reach at 3.0 depth level, which is the
general ground floor height of a building. The derived damage functions and the damage ratios for
structural damage is shovin Figure2.

At the same time, the base value is calmd for each building category, usually by taking the average
replacement cost for a unit area of the buildiagegory. This base value is representative of the worth of
the building fabric.
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Figure2. Flood damage curves f8) Residential Unreinforced Masonry (URM), B) Residential concrete frame with unreinforced
masonry walls C) Reential wooden structure D) Commercial buildings

3.3. Damage functions

The derived damage functions for the aforementioned building categorigsoane below.

Tablel. Damage functions for structural damage

Building category Base vdue = Damage functions, D = damage,
(LKR/m 2 X = water depth

A - Unreinforced masonry walls (URM) 30,000 D = 10.551In(x) + 11.487

E"- VS:;Irécrete frame with unreinforced masonry 80,000 D = 8.0826 In(x) + 9.0925

C - Wooden 6,000 D =40.2111n(x) + 32.656

D - Commercial building 80,000 D = 4.8751n(x) + 7.7563

Watta 6,000 D = 10.55In(x) + 11.487

The usage of these damage functions will be explained in the sBction
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4. Derivation of damage functions for content damage

Thederivation of damage functions for the content damage is prepared from the scratch, basing a survey
done in the flooded areas in thasp events. Then based on the surveyed locations and information, 3
main building categories were identified dependingtiam building use, which is representative of the
building content. Next for the identified damage categories, damage functions vieed.de

4.1. Data Collection and validation

The field survey was conducted BUJrW interns,who are originally from the Unersity of Ruhuna,
covering the aspects of diredhmages for the content of the commercial and industrial buildings, for the
flood events in 2010, 2016, 2017 and 2018. The survey locations were chosen in a manner that most of
the locations had had damadesm multiple fload eventsThis was identified by the flood simulations

for the past flood events for the Metro Colombo Urban Region, and by overlapping the resultant flood
map with the building layer map in CUrW.

Since the data collected from the sunigyequired to bevalidated, the variables that are required to be
validated were identified initially. Since the end goal is to develop depth damage curves with a
normalization method for damages, it was identified that the flood inundation depth builthieg, area

of the building, content damage values and the building use are required to be validated.

Of the above, initially the survey building locations were manually cross linked with the building
footprint GIS layer, as the GPS locations takernhim survey wereniaccurate to correctly identify the
surveyed building. For this purpose, the addresses and the appearances recorded in the survey were cross
checked with the locations provided in the Google maps and imagery provided in the Googigesireet

for all 417survey locations. At the same time, the building use was confirmed with the imagery, which
was correctly recorded in the survey, for more than 95% of the time.

At the identified buildings, the building floor area was cross checked héteicorded flooarea from

the survey, which did not match perfectly for each other. The reasons for this could be the roughness of
the estimations, plus the errors in the size of the footprint layer. After identifying the buildings, the
recorded inundadin depth was crosshecked with the inundation depth provided by F2D model

outputs for 2010, 2016, 2017 and local flooding. The results of the comparison are skayunddO, in
Annex7.2.2

4.2. Analsis of data

A total of 219 successiVéuildings werdfiltered out for analysis, after the validation of the data points
Initially 10 main buildng subcategories are recognized by furthermore exploration, based on the based
values as explained in sectiB.2, into the survey details which are listed below.

1 Groceries in residential buildings (Com/Res Grocery)
1 Grocery

1 The term successive is used to indicate that the successive survey points matched with the building footprint layer
(GIS format), and had the content damage values recorded. The total number of the survey points is 417, where
some of the points wemot bund on the building footprint, where another set of locations failed to provide the
content damage for the relevant flood locations.

10
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Communications and bookshops

Garages

Spare parts centers and service centers

Hardware stores

Mechanical shps (ironwork/lathe/glass/welding and workshops)
Medicine related (Pharmacies/disparies)

Offices

Restaurants/Tea shops

Textile shops

Miscellaneous (beer shops/salons/timber workshops)

=4 =4 =4 =4 -4 -8 -8 - 9

=

The relationship between the damage values and the survepeddiépths are shown in Ann@2.3
The base values for each damage category was derived based on the highest recorded damage per area
value for a 3 m flood height, as listedTiable2,

Table2. Base values for the initially identified building use categories

Building Use Base value used LKR/m?
Garages 10703
Spare Parts and Service 1058
Com/Res Grocery 4890
Communication 9203
Grocery 6949
Hardware 34007
Mechanical 20586
Medicine 9004
Offices 72959
Restaurant 3530
Textile 25325
Misc. 6492

However, these building categories were recategorized in to three categories, based on the base values, as
shown inTable 3. It should be noted that the ised base Jaes for the new building clusters were

derived considering the number of the buildings in each initially identified category and the derived base
value for each initially identified building category.

Table3. Reclasfied buildirg clusters

Cluster Initial building category Derived Number of Base Weighted
base value buildings  value*Number mean base
(LKR) of buildings value
Cluster 01 Hardware 34,007 20 680140 29121
Mechanical 20,586 7 144102 & 29100
Textile 35,325 10 253250
Cluster 02 Garages 10703 16 171248 6180
SpareParts and Service 1058 10 10580 6200
CommercialResdential 4890 59 288510
Grocery
Communication 9203 11 101233

11
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Grocery 6949 30 208470
Medicine 9004 7 63028
Restaurant 3530 9 31770
Misc. 6492 9 58428
Cluster 03 Offices 72959 7 510713 72959

"2 73,000

4.3. Derivation of the damage indices and damage functions

The damage index was derived based upon the following equation, for each of the categories mentioned
in the previous section, in the samamner explained in Secti@2

Recorded content damage value

Damage Index =
g Weighted mean base value of the relevant category

According to the definition above, three damage curves were derived for thbulidéeg use clusters.

Cluster 01

0.9
0.8 .
0.7
0.6
0.5

Damage index

0.3
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0.1 . L)
0 e TR
0 1 2 3
Flood depth (m)

Cluster 02

0.9
0.8
0.7
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0.5
0.4
0.3
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Damage index

Flood depth (m)
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Figure3.Flood damage curves f@j Cluster 01 building®) Cluster 02 building3) Cluster 03 buildings

13



Damage Assessment Methodology
Centre for Urban Water

The derived damage functions for the aforementioned building categories samiearized as in below.

Table4. Damage functions farontentdamage

Cluster Building category Base walue Damage function where
(LKR/m ?) D = damage,
X = water depth

Cluster 01 Health sector buildings

Industrial buildings 29,100 D = 0.2786x
Warehouses

Cluster 02 Educational
Residential
Shops
Vacant buildings

6200 D =02661x

Cluster 03 Office buildings 73,000 D = 0.1565x

A sensitivity analysis was carried out to find out the sensitivity of the content damage, using the clustered
approach and the building category wise (lump) approach to calculate the content damage, using a
sequence of flood scenarios. Theaied damagealues for each of the building categories and the flood
scenarios can be found in Ann@x

4.4. Short discussion

The modelled flood heights seem to appear after Grbmost of the cases. This could be due to dthli
height is not considered in the FLZID models, and ii) the inundation depths were recorded from the
plinth level, in the survey. However, for the simulation purposes, the modelled flood heights giidoe u
in the future, therefore it is important t@aye a moderating mechanism to convert the modelled flood
heights to the actual flood heights.

The building footprint layer is having a limited number of building uses, compared to the breakdown of
the buildng uses specified in this study. Therefore, dgoarticular building type, the damage should be
considered proportionately, based on the number of the buildings from each sub category. From this, a
generalized damage curve for aggregated buildings cgar@ated, which are weighted according to the
number of buildings.

5. Damage assessmaniplementation methodology

5.1. Damage calculation (vector format)

The damage calculations are done based on the vector formats, as the original exposure data is available
in the building footprint layer, henceforth caroduce accurate results. All of the vector calculations were
performed in the ARCGIS platforms. However, the flood hazard maps (inundation maps) which are
produced by the flood simulation software (FRO and MIKE 11) produce raster files of the specified
resolutions. Therefore, initially the flood depths at the building locations were extracted to the building
footprint, using the building centroid location. Here the building layer was required to havatsepa

14
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attributes to store the flood heights foffelient flood scenarios, as well as to store the base damage value
for building type and the damage values.

Next, a custonbuilt model is run to calculate the damage values, for different damage typetutatru
and content). A snapshot of the modelhe ArcMap platform is shown below (left: structural damage
calculating model, right: content damage calculating model).
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Figured. ARCMAP models for structural damage calculatfefg and content denage calculations (right)

The steps in the above models can be described as follows.
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Figure5. Methodology of the damage value calculations (vector format)

After running the modes for each type of damagles, results can be sumarized according to the
building structure type or to the building use type. Finally, the total damage can be taken, as well as the
distribution of the damages can be taken. A produced result for the HK50 condition is shown below.

Figure6. Damage values for a selected flood scenario
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