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ABSTRACT

A designedframework of open spacenot only significantly contributeso the quality of
everyday urban life, but also has the latent capattyacilitate recovery indisasterprone
environmentsHow street as urban open spacenetwork can encourage adaptiveesponse
following a disastein an existing urban settingfill remainsan unfoldresearchquestion This
studyattempéd to develop an accessibility netwonkodelof urban street systeto ensure a
safe and rapid evacuation as part of post disastanajementstrategy inunplanned urban
areas in Dhakacity. The methoslinvolved atheoretical frameworkgeographic information
systemand a field survey based opeoplesmovement behavior to develop an accessibility
model in the study areaThe resuls showd that an accessible streeetwork based on
peopl ebdbs mo amm otkembrphplagical aspeatsuch as land uséuilding density
and distribution ofpublic open space and sheltappeared tde a starting point for effective
rescue and recoverglanning The proposed ideas mayrfiaer impart awareness among the
future design professionalsplanners and urban designets ensure resilience at city and
neighborhood scalspecificallyin unplannedirban areas in disastgorone cities

Keywords: Street Network, Accessibility, Unplanned Urban Area, Earthquake Recovery Planning,
Spatial morphologyStreet width, Movement Density.

1.INTRODUCTION

With increasing population and urbanization the losses from hazards have been increasing
significantlyin hazardprone developing countrieBmongmany hazardsarthquake has been

the cause of most devastating natural catastrophessthe last two and Hadecades Since

cities are the main growth centre in terms of population and economy, risk is Highnse
urbanareas. Tanitigate the risk of life and propertgsearches have focused the structural
stability of individual buildings One of the gols of this type of research is to promote
effectiveresponsand recovery planning for hazard prone urban gidas-DM, 2005) These

referto the activities necessary to address the immediate andtshoreffects of a disaster,
which focus primarily onfhe actions necessary to save lia@sl property. Howevergcovery

refers to immediatandlong-term holistic regeneration of a community following a disaster.
Providing safety of urban environments, theories of recovery planning and urban design share
a ommon interest. The environment of the city including its landscape, its infrastructure and
its buildingsi the componentsf the urban systeroould facilitate recovery after disaster
Anything related to the urban environment as a place for responsese@mvkry is either
guantitative and extremely specific or too general to be of much use (Moehle, 2009). For
instance a recent study suggests how much open space is required for egress ofGefsige
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2000) But, there is very little discussion about th@atialarrangement of urban open spacel
shelterthat might encourage adaptation by communities and governments to facilipatesess
and recovery.

This study attemptetb look at the problem in mapidly urbanized unplanned urbeontext in

Dhala. In view of earthquake disaster risk indexydg a rapidly urbanizing south Asian city

is placed among the twenty most vulnerable cities of the world. In addition, micro seismicity
data also supports the existence of at least $etgmicsource pointsn and around Dhaka
(Ansary, 2004; Ansary, 2005; Hussain2010; Islam et al., 2010; Islam and Ahmad, 2010).
Dhakaos hi ghest rel ative earthquake di sast
vulnerability and emergency responsand recovery factors @dona et al., 1999). lan
unplanned city likeDhakg an overwhelming demand for build able land continues to surpass
needs for urban open space. Such a pattern of development resulted in a dense urban fabric.
However, most vulnerable t@ghquake remaiparticularly theold part of Dhaka city due to

its unplanned settlements, high population and building density, vulnerable structures due to
age of buildings, noengineereatonstructionscontiguoudayout, andlack of open spacesdd

up to the problenfAnsary, 2005) (Reja, 2008) (Jahan et al., 2008) (Kamal9)2&arthquake

risk in Old Dhakais increasing to a greater extehie topooraccessibilityand least rggonse

and recovery capabilitiea Dhaka(CDMP Unpublished report, 200Q)Jahan et al.,®11).

From this view point,an effectiveresilience plaming considering earthquake mitigation
measures in an existinqiplanned denserban settindike Old Dhakais urgentto reduce the
losses However, methodological approachies rescue and recovelyy spatial planning and
designare limited and inconsistentn absence of uniform concepts, rules, and principles
among academi@ns and practitionersin Bangladesh To help this situation, th study
investigatedspatial organizationand structureof street network for disaster resilience as a
category ofopen space in thetudy area The studyidentified streetnetworkng and
accessibility road width hierarchiesandscale and density of the urban falugingevidence
basedapproachhroughGIS andfield surveyfor old part ofthe city. Main goal wago develop
accessibility model frameworfor future design decision and planning processarthquake
rescue and recoveryThis paper exploredhe possibilities of streehetwork to enhance
resilience byspatial plannig in a high density unplanned city where available land or public
open space is very insignificant.

Open space has a range of meanings, from 6gr
public open space (including streets andasgsl) to private open space (gardens, courtyards)
(Swanick et al. 2003). Urban open spaces as an important part of the urban integration
required to achieve a livable environmdtdé also mentionethat aclear articulation othese

public space connectneighbourhoodso connect to each other and link people within
localities to their social institutionf®kesearches on responses to earthquakes from around the
world suggest that ample and adaptable amounts of open space surrounding buildings are of
enormos value both during and after an earthquake event (Godschalk, 2003). Many researches
(Ibrahim et al. 2007pn earthquakeecoveryhas shown thabpenspaces in urban areas, such

as parks, play fields, green tracts aticketshave important functions in shster prevention
According to theTokyo metropolitan Earthquake Disaster Prevention Plan, 138@e Scale

Parks can serve as Refuge base or Disaster recovery bases, Smaller Parks and play fields may
serve as Disaster shelter and Disaster resistanitadiases and even city roads can serve as
refuge roads during an extreme disaster like earthqudagen space becomes a refuge for
victims, and a temporary home to thousands of people quinckly need to adapt to their new
environment for days, months even yearsollowing a disaster
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Allan and Bryant(2010) have recently been researching the critical role of open space in
earthquake recovery. Their study overlays theories of urban design, recovery planning and
urban resilience, and proposes that shecessful integration of recovery planning and urban
design |lies in a shift of thinking that sees
situations. They have used the earthquake event of 1906 in San Francisco to hightagits the
inwhi ch the city orkof wigeestreetsparks amd lefi evervspacesound
buildings becme a second home for the city dwellers during reseaevery process. The

di ver si ty oper spacehseructare is ynpostant because it createnge od options
during the emergency period immediately following the earthquake that allowed people of the
community to come together, support each other aedtablish the pattern of their daily lives
before a formal and coordinated relief strategyuld have beermvailable(Miidleton, 2007).

The legibility created by permeability of the gridded access netwokied the divergences of
type. A recent research shows that, roads and steps were connected into a (ibrabnk et

al. 2007) The network beamecharged with new meaning; ispaces and their components
were re-assessed for their capacity to support survival and recovlns, éforts to secure

open spaces shoulik given top priority to areas where they are lackiBgsides the role of

open spaces public facilities played a vital role during disaster to support recovems
emergency shelteréccording to the Urban Disaster Prevention by Bureau of City Planning
Tokyo Metropolitan Governmenpublic facilitieslike schools, hospitals, commuyicenters
religious structures police sations, fire stations, etc. coultk used as evacuation gkelor
emergency rescue centfbrahim et al., 20073uring a disaster.However, the appropriate
method tevards an accessibility model liycorporaing these open spaces and shelters within

an urban environment for post disaster recovery planning has always beediditlesed;
hence remain the mafield of investigation of this research

An Understanding oAccessibility involves developing or selex) appropriate accessibility
measures according to the purpose ofrésearctandnature of the planning issués disaster
resilience Accessibility couldbe depicted as place accessibility or individual accessibility
depending on individual choicesdcanpportunities in the frameworn accessibility measure

might be specified in terms of thiayout of spatial units of an urban systenthe socie
economic groups whose accessibility is to be assessed, the type of opportunities, the mode of
travel, the aigins and destinationstc. An understanding of the social and spatial aspects
remain equally important to plan accessibility network in urban areas, because one of the
important aspects of rescue and recovery process after earthquake is influenced Isy city
geomorphology and urban structure (Reza, 2012). This clearly has a spatial dimension, and
resilience theory suggests how we might design form and space as well as process in order to
influence adaptive responses following a disast@e spatial unifor accessibility analysis
couldbe a zonea system of road networ#,building block, a household, or an individuEhe

concept oplace accessibilitgerived from theheories oftransportation system (distance, cost

or time) and thattraction theory ofirban functiongMakri and Folkesson, 1999Different
methods are adopted in deriving place accessibility depending on the area of application and
available data. Place accessibility includes distance measure, cumulative opportunity measure
and utility-based measure (Makri and Folkesson, 1999). All these measures are regarded as
geographic measures ((Jiang et al., 1999 based onlinkbeepresentation of transportation
network and metric distance measurements (Steadman, 2004).

The Distinctivecharacer of the spatial structure of an urban area depicts the pattern of future
urban growth and pattern of transformation, and therefore, rertaengrime indicator of
morphological variations and spatial accessibilitin urban areasChanges in the spatial
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structure or even changes in itslation with the overall urban grid, brings changesthe
pattern of spatial accessibilitWhere accessibility reduces from the former stage, it will seize
the importane of that area within the wholgban grid and wheaccessibility issnhanced, it

will increase the connectivity as a whdléereen, 2009)Accessibility is a measure which is
also governed by the street width and continuity of the streets, which in turn influences on land
use pattern and land valoéan aea. These issues are more relevant for unplanned urban areas
due to their spontaneous and ragidwth and change (Hossain, 200djban morphology is a
strong feature for looking atulnerability of urban patternsit operates on a number of scales
and embraces human habitat, built form and open space in aar@étéonal landscape and
therefore, this multifarious contextual application is useful in earthquake response and
recovery planning.

2. METHODOLOGY

The dscussion in the previous section acts a general guideline to formulate a research
method for the present studyhe methods included following levels of investigation;

First: Selecion of the studyarea through an waerstandingof the Spatial Morphology of
Dhaka Citywithin atheoretical famework.

Secondidentifying an accessibl®adnetworkwithin the study area based arfield survey of
user6s movement behavior pattern and density

Third: This level involvedfurther assessment of the accessibiigtwork through analyng
aggre@ted morphologicaldataset for exploring different networking scenarios under various
conditions. Proposed network was weighted by existing morphological features, sushtas e e t
wi d toldévelopa holistic approach towards an accessibility model. THewiong section

gives an elaborate overview of the methods involved in the study.

3. FINDINGS
3.1 UnderstandingUnplanned Urban Patterns and the Study Areain Context

Prior tothe selection of thetudy area it is essential to understand the urbtierpa of Dhaka
city. However, an evacuation plan for New Baavould never be sustainable tbe Old part
of the city due to the morphological variations in their urban pafidra.variability of tke grid
structures in Dhakahows why an understandingf accessibility factor needs be location
and context specific. This will lead ton@wlevel of understanding of accessibility to different
professionals, to facilitate any rescue and recovery pldifferent parts of Dhaka city.

Within the successe stages of growth, two dominant urban patterns are conspicuous in
Dhaka; they are the historical core or 'old Dhaka' and the later development towards the north,
known as 'new Dhak@Nilufar, 1997". The historic kernel of old Dhaka retains the traddion

features which it has inherited from the past. The natural endowment of its organic
morphologyi s val ued for its O0indi genccoes the neweban p
part is a post colonial development which Heesen spontaneously developeithout any

formal planning procesfhaka city represents three different types of urban spatial patterns in
relation to street grid and builip area (Figure: 1) they are: indigenous and Unplanned spatial
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structure of Old Dhaka, new indigenous andoinfal structure and planned and formal
structure in New Dhaka (Nilufar, 2010). However, the unplanned process of uncontrolled
urbanization is rapidly transforming even the planned areas to an unplanned one with mixed
land use and high densitevelopmentKossain, 200}, This imposes a serious challenge to
anysort of post disaster management policy for most part of Dhaka, in particular the old part.
Therefore, this study selects Old Dhaka representing the most vulnerable urban pattern in view
of earthquak resilience in Dhaka city.

ol Cah AL < g
a. Indigenous pattern in Old Dhaka b. Planned Scheme in New Dhaka . Informal Layout in New Dhaka

Indigenousorganic growthin Old Dhaka PlannedSchemesn New Dhaka Unplannednformal growth in New Dhaka

Figure 1 Different Spatial Patterns in Dhaka

The study area has beeneséd from old Dhaka based on administrative boundary of ward by
Dhaka City Corporatiorrepresentindnighest value of population density and building density.

It is evident fromthe study (Figure: 2that ward number 68, 69, 71, 72, 74 and 78 have both
high level of population and building density. Among these, ward number 71 and 74 has been
selected as case study ar€agqre: 3. As, this research aimed at identifying accessibility
network of open spaces for posarthquake adaptive response, theretorensure a complete
peripheral boundary of the study area it was necessary to incorpéaaiethe only planned

area ofold Dhaka.

The resultant urban form of studied area is irregular;-gemmetric; organic above all
indigenous with an incidence ofaoked and curved streets and randomly defined open spaces.
This area represents fi c o nt i g uHoweser,dloakysizeuand their heights influence
morphology at a neighborhood scaldée unplannedcharacter of the study area is particularly
distinctive because of the density of its builp areas in comparison to the later developments

in this part This oldest and original settlement of old Dhaka grew close to the river Buriganga
characterized byresidential andmixeduse buildings jostling against dmoother in a
rambunctious way, its narrow, winding streets, and its traditionally organized neighborhoods.
These streets in the historic part are continuously twisted in andtotious to an extreme
degree in some places. The desmdl passages sometigneut deep inside the urban block
presenting a series of sharp turns. These have been found indiscriminately along both the
thoroughfares and the alleys. These streets are defined by closely spaced buildings. In the event
of an earthquake, the accessipijlanningseemsnevitable for this locality and inhabitants in
terms of rescue and recovery.
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Figure2: Contiguous building pattern the study area

2.2. Identifying Accessible Street Mtwork through Road Width analysis and Movement Observation
survey

In order to identify th@pen spacaetwork at street level this studstempted to investigathe
recurrent pattern afpatialbehavior througla field based observatiosf movement patterand
densitysurvey This part of the study investigatedl potentialin and out circulationgn the
study areaat various timeperiads of the day.However,due to narrow street patterthe
vehicular movement pattern and density appeared to be insignificant within theastady
Therefore, thestudy counted ol pedestrian movements by gateethod Hillier, 1998) of
movemenbbservation.

This study looked for a contextual stratdgyidentify street aspen space network to secure
safe evacuatiomluring a disaster as emergency road network ensure an initipl teteny
evacuation process for the city dwellefhe aimwas to generate an accessibility network
primarily based on pedestrian movement and behavior pattern in the area. Movement
observation was performed at 22 gates (imaginatryhe street levab identify and evaluate
pattern and density gfedestriarmovement. The data gathered from the observation survey on
22 gates represent all the locally wielliown and possible routes in the argagure: 3.
Movement was counted on each gatint for five mnutesat six differenttime period of the

day between 8.00 AM to 9.00 PNbr three working days in a weeld total 30 minute
movementcount per daywas doneThe resultsrepresentedhe average of peak one minute
movement ratasabasc understandingf movement densitfor evacuatior(Table: 1)

To generate an optimum accessibility network model the study considered both visual
accessibility and connectivity of the street ghdough thiselaboratenovementurvey in the

study area. Pedestrian movemehservation within the road network of the study anes

done to identify théocallyand gl obal ly i mportant hence coni
perspective. This observed network of spatial accessibility based on movement skaTaityl

to be the bst solution as an accessible evacuation route in the indigenous and unplanned urban
area as being the most familiar and adaptive movement network by the local residents.
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Figure 3 Gate locatios for movement observation withihe study area

Based onthe movement studgn accessibility networkvas identified. The findings of the
movement pattern and density observation (Table:1) explored a hierarchical distribution of
street network in the study area. Three type of street categories were identiBedidgmn

their level of movement; primary streets, secondary or intermediate streets and locally
important streetsHigure: §._However, from the field survey observation there seemed to be a
break in the hierarchy when moving from the global to interatedscale, and finally to the

local scales of the urban network. The primary streets shbigbdrrate of movement density
though served as the global connectors by connecting the study area with the larger context of
Old Dhaka, the intermediate streetpmresented highest movement density and worked as local
thoroughfares linking the informal settlements with the primary street network and the local
streets represented the intricate narrow routes within different localities accommodating only
the local pdestrian movement within the settlements.
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Table 1: Movement Observation data in the study area

. : Average People
Serial no Grade point Movement / min
1 A 89
. 2 C 64
Primary Street D
( Street width 30 ft and above) 3 62
4 M 68
5 N 46
6 B 77
7 E 78
8 F 71
Secondery Street 9 K 63
( Streetwidth 12ft to 30 f} 10 L 63
11 P 48
12 ) 106
13 G 62
14 G 31
15 H 22
16 | 20
Locally Important Street 17 J 28
( Street width 5 ft to 1#) 18 Q 41
19 R 23
20 S 39
21 T 31
22 \Y, 30

However, itwasevident from the movement observation that the accessibility at local street
level need tobe more connecteébr better evacuation network asrihg a disaster movement
appears to be highest in these local streBterefore thestudy furtherinvestigated other
spatialmorphological aspectsf the proposedtreetnetwork toenhanceaccessibilitythrough
movemenin thesdocal areas.

The spatialmorphologicalinterventions in the study areansideredyoad widthoto improve
the evacuatiorprocessMany roads othe accessibility network in thetudy areseemed to be
very narrow in terms of their width amgeemed t@ffectthe rescue and recoverguring and
after a disaster However, theintention was to create an effectiggeetnetwork which can
influence a safe rescue and recovery follonamgextremalisastellike earthquakeTo reduce
the earthquake risk significanilg road width hierarch analysiswas conducted to determine
at what levelthe study needo intervene.The accessibility network identified through
movement observation seemed teretate significantly with the road hierarchy modelind
from road width analysisThe road widh datawas layered with the proposed accessibility
network model to select the stredts further modification The findings identified that,
6Bongram roadd, ONarinda roaddéd, connecting r
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roadé tsouhd6Nomdid, and OnElderto lzejwideBup withia the naara 6
level street” networkn thestudy area (Figure:)4
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Figure 4 Accessible Street netwobased on movement Observation in the study area
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Figure 5 Existing road widthstudy in thestudy area
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3. DISCUSSIONS

An Accessible street network wadentified from the movement observatiastudy which
showed a significant erelation with their morphological characteristicef road width
hierarchy in the study aredhree street categoriese associated in tharoposedaccessible
street network, such asrimarystreets secondary streets and locally important streets.

Primary streetsecured algbal importance irold Dhaka, connecting the study area with the
city. These routesrepresented higher movement density, serving as peripheral road in the
contextand their width remain more than 30 feet in majbinese primary roads will be
developed asin effective model for multiple forms of movements in pemtthquake rescue

and recovery. These primary streets will connect the sample area with its immediate
surroundings and finally with the whole city network. If this modafeperipheral road
surroundhg a few local areas could beplicaed for the entire old Dhak#hen these primary
roads will act as central streams for adaptive responses following an earth§eesedary
streets of proposed network model, share almost similar characteristigséoypstreets and

they are the connectors between the local and primary street network. These streets are more
connected within the respective study area than the city netefopkimary streetsThese
street widths ranged between 15 to 30 fébese seaudary streetsvere effective for lighter
traffic volumes and high pedestrian movememtgese routes might enhance local accessibility
by connecting local areas with the global contefxthe study areand leading towards the
green open spaces and sheslteithin the localareas. Locallymportant routes appeared at the
neighborhood levelTheir street width variethetween 5 to 12eet in majority. A low traffic

flow was observed alonghese streets, but theyere predominantly used as pedestrian
movementsThese roadsould be used as local streetad therefore needs to adeningup

due to expected high density movement during an earthquake evacuation process.

For effective rescue and recovery process in any location, the minimum width of the road
should asure free access of fire fighting vehicle and an ambulance, side by side (ADPC).
Based on this standard, in case studied area, mentioned local streets need to be redesigned and
wi dened accordingly. Mi ni mum wi dt hO 6o)f ttwheen try
feet. It has been observed that most of local streets are not fulfilling the minimum requirement

of width. Thatos why the buil dmeedg® begartiakyi t h e
demolished and the boundary walls should be dehediso increase the width of road

enhance accessibility.

The proposedemergency accessibility network modal street level in a high density
unplanned urban areaf old Dhakawould remaina primary step towards earthquake
vulnerability reductionand would greatly affect emergency and recovestivities after an
earthquakeHowever, he streets of network should have a minimum width throughout, and
minimum road width should ensure free movement of a fire fighting vehicle and an ambulance
side by sideTo make an effective recovery model for existing dense urban areas; a self
sustained policy is necessary addressing all demolition, renovation, relocation, and retrofitting
of buildings and infrastructures.

4. CONCLUSION

Creating and enhancingccessillity of urban street networkppears to ben appropriate
starting poinffor earthquakeescue and recovery modgecifically for unplanned urban areas
The accessibility analysimdicatesthe first step in examining thstreet as open spader
rescuewhere land scarcity for urban open space is an acute pro8ldmequently, it could act
as a base layer of the model analysis with a corresponding weighting &icimban
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morphology Therefore, the proposédea seems to bepace specific andustainale solution
for postearthquake adaptive response plan@ingrban scaléor high density unplanned urban
areas in old Dhaka
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