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Abstract —Mixed use development, one of the “mantras in aoptrary planning” is a multi-criterion and
multi-scalar concept which has various definitioRer this research mixed-use is defined as funatiomxed-
use and our main interest is to understand théasgainditions needed to increase the diversitysgs (mix) by
combining compatible functions. To analyse the catibflity of land uses and the importance of sgedpatial
conditions, the three most relevant factors of orfiam are chosen: density, accessibility and mixse
composition. The chosen factors are measured blgadstof spacematrix, place syntax and MXI, usiregdity
of Rotterdam (southern part) as case study. Tteetlavels of analysis that are used are: (1) betvedethe
urban blocks, (2) between mixed-use and mono-fanatiblocks, (3) within different types of mixedeuslocks.
The results demonstrate interrelationships betwtbenintensity of land uses on different scale Ilgvéior
example, residential density in a biking neighbowth (radius 1.000) correlates to the density of mencial
services in the same or a lower radius, but witbesfsity of cultural and recreational services migher radius.
In other words, cultural and recreational servicesd a larger catchment. Furthermore it is dematestrthat
mixed-use blocks are denser and have higher abdégsio residential/work and commercial functions
Concerning mixed-use blocks, the results demomrsteatcomplementary behaviour between the existing
functions within a mixed-use block and its surragd For instance, blocks with a bi-functional neiikhousing
and amenities are located in the vicinity of bloekh more work opportunities and blocks consistéttousing
and working have a higher access to amenities éir tsurrounding. Identifying such spatial intertelas
between land uses can be of great importance fmnuplanning and design. It can assist in the pooé
decision making by providing answers to the questisuch as: If we want to create a city centre,heghere
should we improve accessibility then? Or, whereughave, based on the existing distribution of shapsrease
the residential density to use the existing poteigest?

Key words — Mixed-Use; Density; Land Use Compatibility; Spacénma Place Syntax; Accessibility;
Urban Form
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1 Introduction: why mixed-use? uses to provide variety and viability. (ECTP’s new
After the Second World War, urban design has beercharter if Athens, 1998) In Dutch policy documents

heav”y influenced by the “Functional C|ty" para[ﬁg (Grotestedenbeleid, 2001 and VROM, 1997a, 1997b,

proposed by the CIAM international movement. CIAM 2001a) the compact city is promoted, including & ofi

suggested, amongst other things, a separatecbdistri housing, employment, and social-cultural infrasinees

of functions in cities. It categorized main functioin o improve the vitality, attractiveness and envinemtal

four groups including housing, employment, recarati  duality of urban areas.

and transport. However, within the last decades, th

urban design paradigm has shifted towards the dgpos

mixed-use developments. In sustainable developmen The ambiguity of the mixed-use

mixed-use is regarded as one of the key factors(@e  concept

& Cervero 1997; Furuseth, 1997; Grant, 2005) It is According to Grant (2002Y p71)’ the concept of

further considered as part of the process of promot mixed-use has became “a mantra in contemporary

urbanity, also called the&)rban Renaissance (Stead &  planning”, but it still is ambiguous both in theoayd

Hoppenbrouwer, 2004). practice (Rowley, 1996). The criteria to define eux

use developments vary in different sources sucla as

Mixed-use deVG'Opment as a field of research ik hlg combination of primary and Secondary uses, a

on the agenda of academics. Pros argue for adwmtag concentration of compatible uses which generate

from various points of view. From environmental synergy, an increasing bureaucratic range of

perspective, proximity of living, working and amees,  stakeholders involved in development and maintemanc

and mix of Compatible functions in various SC&'eS, of an urban area, a mixture of tenures and hou_y'r]y@,

mixed use is an encouraging factor of greener mofles and a mix of different income groups (Jacobs, 1961;

transport such as walking and biking. Although éher Grant, 2002; Joseph Rowentree foundation, 2007;
are of course other associated factors next to avirse Priemus et al., 2000; VROM, 1997a, 1997b, 2001a;

that influence this such as CompaCtness and pélfestl‘ Ministerie van economische Zaken, 1999;
friendly layout. (Moudon et al., 2006; Lee & Moudon Coupland,1997). Further, the scales at which these
2004; Moudon et al., 2007; Moudon & Lee, 2003; mixed-use developments are defined differ from
Cervero and Kockelman, 1997; DETR, 2001). neighborhood, block, to building complex. Some réde
vertical or horizontal composition of uses in vago
Others consider mixed-use related issues as effecti scales and some to a time dimension in relatianii@d

drivers of urban vitality. These issues include the yse (Hoppenbrouwer & Louwe, 2005; Rowley,1996).
presence and combination of primary and secondary
uses, variety in opening hours, the extend of vpiiie A review of objectives and strategies used by those
primary land uses, the proportion of locally owned  that advocate mix show three different conceptentls
more generally independent businesses, the presenq@&rant, 2002). The first level is dealing with ieasing
and size of street markets and types of speciaiz®t the intensity of land uses within one category arid
(Jacobs, 1961; Montgomery, 1998; Jacobs, 1994;lync yse, usually residential. A mix of different fornas
1960; Sennet, 1990; Relph, 1976; Canter, 1977;éPunt types of dwellings is promoted to arrive at a sowik.
1991; Comedia, 1991). The second level deals with increasing diversityisds
by combining compatible functions and the thirdeleig
Other benefits of mixed-use mentioned in literature concerned with the integration of Segregated udeshw

are promoting more diverse social groups, greajeale  mostly means that barriers imposed by urban rubesin
opportunities in terms of access to amenities atd | tg pe dealt with.

opportunities, making cities more attractive plates

live, improving economic viability of commercial In this research we focus on the second conceptual
centers, increase safety, encouraging more afftedab |o\e| which looks at mixed-use from the perspectifie

housing in town centers e.g. qonvgrting spaces eaboV e synergy and compatibility of land uses. Synengy
the shops and vacant commercials into residentigs,u general, refers to a situation in which effectswa or

optimum use of infrastructure, and so on (Grang220 more bodies are more than the sum of the effects of

Stead & Hoppenbrouwer, 2004). them alone. Evert Jan Meijers (page 25-6, 2007d,Ph.

Results from the academic studies mentioned haveSynergy in polycentric urban regions, TUDelft)

been reflected in policies as well. The Europeaitn Slescribes synergy in three levels. On the micr@llev
green paper on the urban environment (1990) ssesse SY"€rdy means that when two or more actors co-
the importance of generating and protectingstmse of operate, there is a positive result for both ofithe

place. It proposes diverse, multi-functional cities. The
European Council of town planners plea for a high m
of housing and working, as well as other compatible

Several methods of analyzing the compatibility
between land uses have been developed. Most of the
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methods use measurements based on spatial digtance - density
terms of length or time) to demonstrate the - accessibility
compatibility. Transport-Land use models, expldne t - land use distribution

compatibility between land uses by accessibility @&

review see Wegner, 2004). Effectiveness and effcgie  The objective of this paper is to provide researclamd

factors are the most common measurements usedrbanists a precise language for mixed-use

(Bertuglia.Cet al., 1994). These factors quantify service developments taking into account the compatibitify

provision and population catchment of land usesuty land uses, density and accessibility. Or in otherds,

off values of distance. Newly developed methodshsuc the main question is:

as place syntax (Stahle, 2008) add topologicahdest

to effectiveness and efficiency analysis. What is the relation between land use distribution,
mixed-use patterns and urban form?

3 Mixed-use development and urban form

Based on the Concepts of service provision andTO arrive here the fOIIOWing SUb-qUeStionS needdo

population catchment of an area, indexes such a@nswered:

density and accessibility are the key factors talyse

the compatibility of land uses. These are, amoatigtr,  What are the relations between land use intensities at

also the dimensions used to describe urban formdifferent scales? What are the compatible functions on

Besides density, transport infrastructure, and lase, each scale and between the scales?

also layout and housing/building types are mentioas

relevant to the description of urban form (Dempséy What are the differences between mixed-use and

al., 2008; Jencks, 1996). We take as point of degar mono-functional blocks in terms of density and land

that layout and housing/building types are includ®d  use composition in their vicinity?

the other factors mentioned as will be explainedrla

the paper. What are the differences between different types of
mixed-use blocks, again in terms of density and land

The following urban form categories are therefore yse composition in their vicinity?

taken into account for this research, each witlr then

threshold, but also in relation to each other. In the next paragraphs we elaborate further on the
chosen definitions of density, land use and mixed u
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patterns and accessibility, and their related megsu of the concept of density in urbanism. The usehef t
(paragraph 4). After this we will explore the concept has varied greatly through modern planaind)
compatibility and synergy of land uses and mixee-us design. From Unwin, who proposed a standard density
patterns in relation to density and accessibility of 12 houses per net acre maximum (Unwin, 1909), to
(paragraph 5). The city that is used as case study fifty years later, Jane Jacobs who suggested that a
Rotterdam South which is composed of 1650 urbanminimum of 100 dwellings per net acre (250 dwelling
blocks. The paper ends with the main conclusiorts an per hectare) was a necessary condition for a saital

suggestions for further research (paragraph 6). participatory city life (Jacobs, 1961). Today high
densities and the compact city are often seen as
4 Definitions and M ethods prerequisites for sustainable urbanization and econ

As mentioned in the previous paragraph the threegrowth (Hall, 1999, Florida, 2005, Jenks, 1996, mz,

chosen factors of urban form which are used in2007' Newman and Kenworthy, 1999)

understanding the compatibility and synergy between h f density i bani is f |
land uses are density, accessibility and land use The concept of density in urbanism s frequently

distribution. The methods applied for measuringséhe used to describe the relationship between a givea a
three categories are as following: and the number of certain entities in that areaes€h

entities might be people, dwellings, services|aorf

e Spacematrix for density (Areal density)

e« Place syntax for accessibility of functions
(Accessible density)

* MXI for land use distribution

4.1 Density, Spacematrix

How humans have come to use space over time — in
some cases judged as too intensely, in others &s no
intensely enough — and the problems connectedigo th
have resulted in discussions concerning the appita
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space. In spite of the practical advantages o€tlmeept  this problem the concept of accessible density is
of urban density in urban planning, critics havguad —  introduced by Stahle (2008).
especially since the revolt in the 1970s againgt th
quantitative methods of modernist planning — thegt t 4.2 Accessible density, Place Syntax
use of density for anything but statistical purppose In the concept of accessible density, developed by
questionable, as it is perceived as a too elasticept  Stahle (2008), simple density analysis are combined
that poorly reflects the spatial properties of aban with space syntax. Space syntax considers theasitg
area. Professionals, as well as researchers, I@d t set of open spaces such as squares, alleys, stasls,
opinion that measured density and other physicalavenues, boulevards, highways, paths, pavements,
properties are independent of each other (Alexandersubways, bridges, stairs, etc. All these kinds rfan
1993; Forsyth, 2003; Lozano, 2007) spaces shape a grid or network—a potential patiérn
movement. The urban grid is defined to be “thequatt
The Spacematrix developed by Berghauser Pont anaf public space linking the buildings of a settlete
Haupt (2010) makes it possible to link the urbarmfo  regardless of its degree of geometric regularityillier
and structural types to density and the amountpeino  2002). What space syntax measures are the two ggrima
space. To make this possible, Spacematrix treausitge  all-to-all (all street segments to all others) tielas. On
as a multivariable phenomenon, approaching andthe one hand it measures the to-movement, or
defining it in terms of three indicators, in corstravith accessibility, potential, of each street segmenth wi
the usual practice of using a single indicatorhsas the  respect to all others. With other words, it measuhe
number of dwellings per hectare or FSI. location potentials for various urban centres. @a t
other hand it measures the through-movement patenti
In Spacematrix density is thus defined not only asof each street segment with respect to all paiGtiodrs.
intensity (FSI), but as a combination of intensity, To say it differently, it measures the spatial ptitds
compactness (GSI), and network density (N). For thefor streets with the highest flow of movement.
purpose of this research we limit ourselves to fitst
two indicators which together also determine the  Hillier does not take into consideration attracti@s
average building height (L) and pressure on noft-bui he argues that for more traditional town centreth wi
space (OSR). To assess FSI, GSI, L and OSRevenly distributed densities and attractors thelteof
simultaneously one of the projections of the space syntax are convincing (1989). Stadhle (2008)
Spacematrix is used, the Spacemate. The FSI oy the shows that especially in urban areas where the
axis gives an indication of the intensity in anaasnd distributions of densities and buildings are unefranst
the GSI on the x axis reflects its compactness. 8K areas planned after the 1930s), space syntax is not
and L are gradients that fan out across the diagfém precise enough and we need to take attractions into
last two variables enable us to gauge the pressutbe consideration as well to predict movement. This
open space and the average number of floorscombined analysis tool is called Place Syntax ad c
respectively. Combining these four variables givesbe used to map accessible density.
every project a unique 'spatial fingerprint'.
Accessible density thus takes into account both the
On the scale of the island (or urban block) and thegross floor space of an area (for instance therurba
urban fabric this definition of density has prowenbe block) and the accessible floor area within a derta
efficient to differentiate between urban form. By radius. By doing so, the density of a low denseclolo
looking at density at different scale levels, imhation can increase in case it is embedded in a high dense
can be found about the amount of tare space added f context. Or vice versa, a high dense block can lzave
one scale level to the other. For instance is thees  very low accessible density if it is extremely ssated
network added as tare space between the densitfrom its context.
measured on island and fabric level. However, the
confusion regarding the definition of plan boundari For this paper we have used a similar tool in
and the scale at which these are measured aresumo§  ARCGIS , network analyst. All these distances are
constant debate amongst planners, designers antheasured according to the existing road network of
scientists. All area measurements have an inbuiltRotterdam. Four different catchment area based on
‘ecological fallacy’ well known in geography as ‘&h  metrical distance (Figure 7):
Modified Area Unit Problem’ (MAUP), which basically
means that statistics are arbitrary since the iiefinof - walking distance: radius 500 meter
the ‘area’ is subjective (Stahle, 2008). MAUP oscur - biking distance: radius 1.000 meter
when point-based measures of spatial phenomena arecar distance: radius 2.500 meter
aggregated into districts, because the resultingnsary - car distance: radius 5.000 meter
values are influenced by the choice of these baiesla
The same problem is found in Spacemate. To deal wit
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Residential

Working
o Offices
0 Industries

Services

o Commercial uses

o Cultural & recreational uses
o Public & social functions

Density, be it FSI, Spacematrix or accessible dgnsi
as we have discussed in the earlier paragraphdean
specified further by introducing the differencedand-
use within. We can speak of a service FSI or an
accessible service density to analyse the relation
between overall density and this specific land use
density, or to study correlations between differiamid
Figure 7: Accessible areas of a block are unique. They cover uses and between different radii of accessibilisee

500, 1000, 2500, and 5000m distance fromthe block and are Figure 1-6).
dependent on network configuration.

Amenities

4.3 Land use distribution and mixed-use types, 2
MXI

The combination of FSI and GSI as used in
Spacemate has proven to distinguish between urban
forms. However, it does not show whether an area is
mixed or mono-functional. To arrive at an indicatiof
mixed-use, Joost van de Hoek developed the Mixes Us
Index (MXI) to show how the available total floorea
is divided between the three primary uses: resident

major employment and service functions. The MXI

shows in percentages how these functions are y

distributed. Together they are always 100%. To y

represent these three components a ternary phase Working Housing
diagram is used. Each triangle vertex correspoads t

pure component, in this case residential, major ] | N l A I R l - |
employment and service functions. The three coratrs & & ‘,ffa" f'f S

the diagram correspond to areas where the gross flo R4 s «f’ &

area is composed of only of function, 100% housing, . o .

working or services. The other positions in thegcian Figure 8: Categorizing mixture of function, MXI (based on
. . Van Den Hoek, 2011)

correspond to a certain mix of uses.

For this research we use 7 types as represented i Result for Rotterdam South
figure 8. Three types are considered mono-functiona

Here more than 80% of the total gross floor areBAG
is either residential, working or services (type2land
3) Type 4.5 and 6 are Composed of a combinatfon OWhat is the relation between land use diStribution,
two functions and in type 7 all different land usee  Mixed-use patternsand urban form?

represented by at least 10% GFA. (see Figure 8)

As mentioned before, the main research question is:

In order to answer this main research question and
In addition to the division in primary uses, the three sub-questions (see paragraph 3), we zeubly
emp|0yment is in this research Specified furtheao in the urban blocks in Rotterdam South on three levels
industrial and office employment, and services are ) _
subdivided in commercial, culture & recreation and  In the first level we explored the general synesgie
public & social services. between land uses in the urban blocks in Rotterdam
South, including mono-functional and mixed-use k$c
Although the results have been formulated onlytfar
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urban blocks in Rotterdam South, the northern part addition, the accessible densities of the differtypes
Rotterdam is also taken into consideration. To &amsw of work (industrial and office) are independentnfro
the first level question, we calculate the Pearsoneach other.

correlation between all the possible combinatiofis o

areal and accessible density.
Y Biking neighbourhood (radius 1.000 meter):

d When looking at the correlation between service and
Jesidential gross floor area within the biking
between mixed-use and mono-functional blocks. mnelghbqurhoods (radius 1.000 meter), the same

conclusion as was the case for the walking

other word, we search for significant differences ~~. hbourhood be d Th lation i
between areal and accessible density measures whicfic'91°0ournoods can be drawn. The correiation 1s1 eve
distinguish between mixed-use and mono-functional Stronger. Between commercial services and resalenti

blocks (which all fit in general synergy rules oifst land us_es R2 is 0,87 and also the others hgve a
Ievel).l corre;lanon.of above 0,75. And as was the cqsehezn t

walking neighbourhood, the amount of accessiblekwor
is independent from the amount of service and
residential land uses within the biking neighbowrho
There is however one difference as the amount of
industrial and office function show a high corraat
with one another in this radius which means thateh
seems to be a dependent relation between industty a
offices within a radius of 1.000 meter.

After demonstrating general synergies between lan
uses, we explored in the second level difference

After distinguishing between mixed-use and mono-
functional blocks within general synergy rules,tive
third level we focused on differences between mixed
use types. Based on the MXI method, we define four
types of mixed-use blocKs.

5.1 General synergies between land uses (level 1)

To understand the relation between land uses erCar-based neighbourhood (radius 2.500 meter):
general all accessible functions for all differesdii are There is a very high correlation between serviat an
correlated to one another. In first instance wé fedus residential gross floor area in the radius of 2.5@4er.
on the correlations within one and the same prayimi In other words, the accessible service density and
neighbourhood. That is to say within a neighbouthoo residential density are almost completely dependent
defined by walking distance (radius 500 meter)jigk The difference with the other two proximity
distance (1.000 meter) and car distance (2.500 andheighbourhoods is that the cultural and recreationa
5.000 meter). Figure 9 shows an interrelated paté services show a higher correlation with the redidén
distribution of residential land uses and serviaéhin land uses than the other two service types do.
the radius of 500 meter. The amount of services andApparently, cultural and recreational services have
residential floor area might be low or high in difént higher catchment than most commercial and public
cases, but they change with the same rate. Moreoveservices. Inside the 2.500 accessible areas ofrlzenu
there is not a considerable correlation betweemlare block, work is still rather independent from theamt
density of a block and intensity of accessible lasds.  of services and residential land uses. However, the
This is not a strange result due to dependencyexla commercial services now correlate highly (R2 > 9,75
density to geometry of plot and urban rules. with the accessible office floor space which points
towards a dependency between office clerks andsshop
and restaurants accessible within a radius of 2nb&@r.
Inside this radius, there is further a rather high
correlation between different types of work (indizadt
and office).

5.1.1 Correlations within one and the same proximity
neighbour hood

Walking neighbourhood (radius 500 meter): ) i

Within the radius of 500 meter there is high Car-based neighbourhood (radius5.000 meter):
correlation between the amount of gross floor afas Within the radius of 5.000 meter all the accessible
the three types of services and residential lamd (all land uses follow a similar pattern. The reasomad for
above R2 0,5). The highest correlation is found for Rotterdam South, which is about 5km wide, the
commercial and public services followed by thewnalt ~ different proximity neighbourhoods with this high
and recreational services. The amount of accessibléadius have so much overlap that differences disapp
work within the same radius is almost independesrnf ~ Inother words, higher radii show more similar

the amount of service and residential land uses. Inbehaviour. We will therefore not include the resudf
the highest radius in the text that follows.

' we compare means of mixed-use and mono-

functional blocks using the bivariate method of

student’s t-tests to find significant differences. 5.1.2 Correlations between different proximity
® We use the multivariate method of comparing .

means of Analysis of Variance (ANOVA) to find neighbour hoods

significant differences.
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In the former paragraph the relations between
different accessible land uses within the sameusadi
were at stake. Now we want to see whether the
accessible land uses within one radius is infludnoyg
the accessible

Correlations Between accessible/areal Land-use types
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Figure 9: Correlations between intensity of different types of accessible land use and gross floor area of blocks
Type codes: (11) Commercial, (12) Culture & Recreation service, (13) Public & Social service, (20) Residential,
(31) Office, (32) Industry
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Car-based neighbourhoods in relation to the other

proximity neighbourhoods
The correlations between the accessible densities

density within another radius. The central questiin ~ Petween radius 2.500 and 500 meter are in general

this paragraph is thus: What is the relation betwee rather low. Especially the accessible commercialise

different radii considering land use distribution? density in radius 2.500 has a low correlation wifte
accessible densities in radius 500 (R2 < 0,5), @ed

for radius 1.000 the correlation is relatively low.
Walking neighbourhoods in relation to the other
proximity neighbourhoods 5.1.3 Conclusions on the synergies between land uses

The accessible residential density (gross floomre A general conclusion when looking at figure 3 iatth
within a walking neighbourhood (500 meter) is highl higher radii behave more similar to each o;hgr t.han
correlated with the amount of all three servicecfions ~ lower ones. In other words, there are more sintiéari
inside its biking neighbourhood (1.000 meter), hat between radii 2.500 and 5.000 than between raddqL.
related to the amount of commercial services within @nd 500. This is, as has been discussed alreathein
radius of 2.500 meter. The three accessible servicdormer paragraph, due to the fact that differertbes
densities in radius 500 are highly dependent oir the Out when taking higher radii into account. Further,
own type of accessible service density at a higheius ~ correlations  between 500 en 2.500 proximity
(1.000 meter), except for the public services. Theneighbourhoods are in general low.
accessible public service density in radius 500nsha ] o )
relatively high correlation with the accessible ~ The highest compatibility between service and
commercial service density in radius 1.000, bubw | residential functions is found in the biking
correlation in radius 2.500 (R2 <0,4). In general ean neighbourhood (radius 1.000 meter). Commercial and
conclude that the correlations between radii 508 an Public services seem to be dependent on their canh
2.500 meter are low. The accessible employment inon & very local scale (500 meter radius) as culame
radius 500 is completely independent from the otherfecreational services are dependent more on amattth

land uses in the same radius, but it is also indgget  ON the larger scale (2.500 meter radius). Worknseie
from these land uses in other radii. general to behave rather independent from all other

functions in all radii. The only correlation we fud

concerns the fact that industry seems to profitnfro
Biking neighbourhoods in relation to the other  clustering on the lower scale (radius 500 and 1000
proximity neighbourhoods meter correlate stronger) and offices on the higicate

The accessible service densities in radius 1.000(1.000 and 2.500 meter correlate stronger).

meter correlate to their own accessible densityhin
lower and the higher radii. The commercial serviaes
further dependent on the accessible public services
the lower scale (radius 500) and the higher scaliys
2.500 meter) and on the accessible cultural and
recreation services on the higher scale and nothen
lower scale. When looking at the accessible resiglen
floor space it becomes clear that the highest tairoa
can be found within the same proximity neighbourchoo
(radius 1.000). The correlation becomes less strong
when taking the lower or the higher scale into
consideration. Although the correlation is in moases
still rather higher (R2= 0,6), it is significanthpwer
than when considering only the correlations with
own radius. Especially the correlation between
accessible residential density in radius 1.000 metel
commercial services in radius 2.500 or cultural and
recreational services in radius 500 is low (R2 .0lB)
other words, commercial functions within car distan
and cultural and recreational services within wegki Figure 10: Mono-functional blocks (black) and mixed-use blocks
neighbourhoods do not correlate with the accessible  (red).
residential density in radius 1.000. The two tymds
accessible work space in radius 1.000 show a52 Differences between mixed-use and mono-
correlation with themselves in other radii. Offices functional blocks (level 2)
correlate to radius 2.500 and industry to radius. 50
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Figure 11:

Difference
between
mixed-use
and mono-
functional
concerning
intensity of
accessible
land uses of
blocks.
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Earlier research by Van den Hoek (2011 expert
meeting) in Amsterdam and Rotterdam has indicated When considering all the mixed blocks the share of
that a relation exists between FSI and mixed usefloor area used for commercial services such apsho
developments (Figure 10). Mixed aréasith a density  and restaurants show the highest difference with th
lower than 0,50 are not so common and areas withmono-functional blocks, followed by the share of
densities (FSI) higher than 1,50 are almost alwayscultural function, social services, offices anduastties.
mixed. We can thus conclude that a correlationtexis In other words, the service function and especitdiby
between density and the mix of land uses. Howeaer, commercial functions dominate the mixed blocks. The
FSI of 1,50 can be realized with very differentamb  share of work is less spectacular as can be sefigguie
layouts ranging from a high rise development to all.
traditional block layout. Within this range of bdiihg
types (having the same FSI), the mix of land us#éerd The share of housing reduces significantly in the
as well as has been shown in a research by Berghausmixed blocks. A mixed block has 21% less grossrfloo
Pont et al (2011) in Rotterdam South. More than @% area for housing than a mono-functional block. Tikis
the cell§ dominated by low rise developments can be not so strange as the other functions need moeespa
defined as mono-functional. In the mixed areas wher order to make the blocks mixed. The increase inifSl
each of the function is at least represented by 8% the mixed blocks alone is not enough to realizentie
the gross floor area, around 40% of the cells s flise and thus is the amount of residential floor arehuced
and when the mix level rises (each function hdsast in favour of the other functions.
20% of GFA), the amount of low rise cells decreases

Difference between intensity of accessible land uses of blocks, mixed-
use to mono-functional (statistically significant)
90 -
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1000m
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Industry 500m
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Residential 2500m [T77]

Comercial 500m
Culture & Rec. 500m
Comercial 1000m

Accessible land use type within radius

30%. The amount of mid-rise developments and What we also found is that this reduction of
especially those with a higher GSI increase when th residential floor area within a block is compendafiar
mix level rises. We can thus conclude a higher &%l by an increase of residential density in proxintgfythe
GSil create a better condition for areas to mixsToes  block in question. This can be studied by measuttieg
however not say that low densities can never mithat  accessible residential density. We see that imthed
high densities always create more mixed environment blocks the residential density decreases with 266,
the accessible residential density of mixed blogks

Based on the results of a more in depth study ofsignificantly higher than that of mono-functiondbaks .
Rotterdam South we can now conclude that FSI in theThe accessible residential density increases wit$t 1
mixed blocks is significantly higher than in the moe within a radius of 500 meter and 15% within a radid
functional blocks. The FSI is 27% higher in the edx 1.000 meter (see figure 12).
blocks than in the mono-functional blocks.

The distribution of the accessible functions shows
the same pattern as the distribution of the fumstio

° Mixed areas are here defined as having at least 10% of the within the mixed-use blocks. Mixed-use blocks have
three main land uses housing, working and services. : : - . .
4 A cell is 200x200 meter. higher service provision, more job opportunity and
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residential catchment in all the radii. Servicevsmn
and job opportunity show higher difference than
residential catchment. These differences are Statliy
significant. The result is the same by testing itleta
categories of services (commercial, cultural &
recreation, public & social services) and work i@f
industry). Within walking distance (radius of 50@ter)

of a mixed block the distinction in commercial Seev
provision is the most distinctive (77%) and job
opportunities in industry show the least distinatio
(37%). Within biking distance (1.000 meter) the
differences between mixed and mono-functional tdock
thin out and job opportunities (offices) take tread
with 39%, followed by commercial service provision
(29%). In other words, for mixed blocks the proxiyni
of enough commercial services on walking distarsce i
of great importance. On biking distance enoughceffi
clerks need to be present. Within car distance

B. Mashhoodi, M. Berghauser Pont

GFA), and share of service functions is low (ldsant
10% GFA).

(6) employment - services:

Blocks which contain work and service functionsain
way that none of them is dominant (more than 80%
GFA), and share of housing is low (less than 109AGF

(7) triple-mix (residential - employment — sensge
Blocks which contain housing, amenities, and work i
way that none of them is dominant (more than 80%
GFA), and share of none of them is low (less tha% 1
GFA).

The significance of the results depend on the dffee
between average density measures within mixed-use
types (areal or accessible) and the size of samples
Before mentioning the significant relations fourvdg

(2.500/5.000 meter) both commercial and offices arestart with discussing the main categories withooy a

equally distinctive (around 30%).

Difference between density of blocks, mixed-use
to mono-functional (Statistically significant)

l m

@

Fsl (fotal) I:I
Resldnmnall

Indbistry

g
a

Culture & Rec.

Density of block

Figure 12: Difference between density of blocks, mixed-use
to mono-functional

5.3 Differences between different types of mixed-use
blocks (level 3)

In the last part, we searched for significant

differences between mixed-use and mono-functionalaccessibility

urban blocks in Rotterdam South. In this part, we
explore whether there are also distinctive diffeszh
between mixed-use types. For this purpose we ool |
at the four types of mixed-use as were discussantee

significant result (see Figure 13).

5.3.1 Non-distinctive factors between different types of
mixed-use blocks

Car accessibleland uses

According to the results obtained in the secondllev
service provision, job opportunity and population
catchment within car-based neighbourhoods (2.5@D an
5.000 meter) are significantly higher in case okedk
use blocks. However, accessible densities within ca
based radii show almost no significant difference
between different type of mixed-use blocks. Within
radius of 5.000 meter, none of the land use classexw
significant differences. In the lower car-basediuad
(2.500 meter) just some of the classes show distac
difference between two types. In other words, el
accessibility is positively related to mix of fuios in
an urban block, but for the emergence of variopesy
of mixed-use types it is not distinctive.

Presence of Office-employment

According to the results obtained in the seconéllev
density of offices significantly
differentiates between mixed-use and mono-functiona
blocks. Within biking neighbourhood, accessibleiasff
density shows the most distinctive difference betwe
mixed-use and mono functional blocks (39%). However

(see Figure 8) and focus on the differences betweerccessibility of offices does not represent a Sicamt

them. It concerns the three bi-functional mixedetyp
(type 4, 5, 6) and the triple-mixed type (7).

(4) residential - services :
Blocks which contain housing and services in a thay

difference between mixed-use types. This is pattey
result of the even distribution of mixed-use blocks
around offices in Rotterdam South. In other words,
almost all types of mixed-use are provided with the
same amount of offices in their vicinity. Therefdhes

none of them is dominant (more than 80% GFA), andfactor is not distinctive within different types ofixed-

share of emplyment is low (less than 10% GFA).

(5) residential - employment:
Blocks which contain housing and work functionsain

use.

Areal density (FSI)
FSI does not show a significant difference between

way that none of them is dominant (more than 80% Mixed-use types either. According to the resultshia

second level and earlier research, a high FSI is a

-13-
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Therefore,
where all the mixed-use blocks have a relativelghhi

FSI, this can not lead to a distinctive measurehiwit

mixed-use types.
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precondition of mixed-use development.

Figure 13: Satistically significant (green) and non-

significant (doted) differences between mixed-use types
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The other two have a higher accessible densityarkw
In other words, the lacking function within the thois
compensated for by its presence in the surroundings
In cases with no significant differences, for ims@a
between type 6 and 7, either the allocation of dyjze
influenced by other dimensions of urban form (tpaos
5.3.2 Digtinctive factors between different types of layout, building type) or the sample size of mixed
mixed-use blocks blocks of Rotterdam South is not large enough for a
significant conclusion.
Intensity of accessible land uses within walking

neighbourhoods 6 Therelation between land-use

Mixed-use type 5 (residential — employment), has a  jistribution. mixed-use patterns, and
significantly higher accessible social service igns urban form’ ’

than the other types. In addition they show a highe

accessible commercial service density than type 4 )
(residential - services). In the case of the general correlation between land

use locations (level 1), we can conclude that exil
The accessible industrial density is higher intthe  land uses and services correlate highly in alliyddiere
functional mixed blocks that lack industry themsalv are also differences between the service classighinW
(type 4 and 6). In other words, mixed-use blockat th the 1.000 meter radius the commercial service fanst
lack a certain function within its own block, se¢obe  correlate strongest with residential land uses witicin
located in areas where that function is preseris Tan  the 2.500 meter recreational and cultural services
be described as a Strategy of Compensation. correlate Strongest. Work is rather independmfr
the other land uses in all radii. Within the radinfs
Accessible residential density is higher in typaersl ~ 1.000 meter the different work types (industry and
7 (respectively mix residential - employment aripllér office) become interdependent and within the radius
mix) than in type 4 and 6. In other words, bothety[s 2.500 meter accessible office floor space corrslaii¢h
and 7 are located in neighbourhoods with higherthe accessible commercial services. This conclusion

accessible residential densities, measured withitius ~ Might be explained by the rather heavily segregated

500. position of work in Rotterdam South.
Intensity of accessible land uses within biking When comparing correlations between different
neighbourhoods neighbourhood scales the results are slightly wiffe

The same strategy of compensation was foundFor the walking neighbourhood (radius 500) the
within biking distance neighborhoods (radius 1.000 accessible densities of radius 1.000 meter aree quit
meter)_ Type 5 (residentia| — emp|0yment) has méng important. For the blklng neighbourhood this isslése
service provision, in all three classes, than tietwo ~ case. The correlations are in general highest mvithe
bi-functional types (type 4 and 6) Trip|e_mix bksc same radius of 1.000 meter. Another interesting
(type 7) have h|gher accessible service densitias t conclusion is that to serve residents in a blklng

type 4, at least when considering culture & redogat neighbourhood (radius 1.000) commercial services
and public & social services. should be offered in the same or a lower radiug, bu

cultural and recreational services in a higherusdi
In addition, type 5 blocks are located in biking
neighbourhoods with a higher residential catchment Work space continues to be rather independent of
than the other two bi-functional types (type 4 &)d  other functions and accessible densities on diftere
This is the same when comparing the triple-mix type scales. However, offices seem more dependent @r oth
and type 4/6. In other words, type 5 and the tripie accessible offices space on a higher scale as tiydus
blocks seem to perform rather similar. seems more dependent on accessible industries on a
lower scale. In other words, industries clusteorsger
And again, as we have also seen in the walkingthan offices, but both are rather independent fodher
neighbourhood, the blocks where employment isfunctions in their proximity.
lacking (type 4: residential - services) show ahbig
accessible industrial density than in type 5. Comparison  between mixed-use and mono-
functional blocks (level 2) shows that mixed-useckbk
5.3.3 Conclusions on the differences between have a higher accessible density in all the radii land
different types of mixed-use blocks use classes. The difference is more distinctivioiver
In most of the cases, the blocks with a mix of radii. In walking distance the accessible commércia
residential and employment and the triple- mixestk$  Service density is 77% higher in mixed-use blodiemt
are provided with higher accessible services dgnsit in mono-functional blocks. Within biking distancie

higher accessible residential density, and totasilp ~ Presence of work is the most distinctive, wherdiffers
39% between mixed-use and mono-functional blocks.
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As general conclusion, mixed-use development &yik  Moreover, the mixed-use status has until now oelgrb
allocated in the areas with greater provision &fedént measured for urban blocks. The concept of mixed-use
land use classes which from Place Syntax persgectivhowever, can also be measured, mapped and anatyzed
can be called as location value. accessible neighbourhood scale (see Figure 14thétur
research will address the relations between mibaid
Moreover, mixed-use blocks have greater arealuses in walking and biking neighbourhoods and will
density. FSI is 27% higher in mixed-use blocks. In include other urban form factors.
addition, the areal density of service functiond an
employment are greater in mixed-use blocks (whgh i
different from service and work percentage withie t
block). However, the residential density is less in
mixed-use blocks. This is not so strange as mixed-u
blocks need to open space for other classes ofused

o

The comparison between different types of mixed-
use blocks (level 3) show that the mixed-use typaad
7 (respectively residential - employment mix ané th
triple-mix type) behave in almost the same way. The
other two types (residential-services and employtmen  }ixed land use Horizontal Dimension
services) show the same pattern as well. Thenartiser -0
a complementary behaviour within bi-functional mixe =~ = & ©
types. Mixed-use types are located closer to thesels
of land use which they lack inside the block. For
instance, type residential-employment has more
accessible service than the other types.

Knowing all this gives the discussion concerning
mixed-use developments much more depth. We know
now that higher densities (FSI) indeed gives more w

potential for functions to mix. We even know thatd Figure 14:
. . . . Mixture of
city context the difference in FSI between mixed-us functions within

and mono-functional blocks is 27%. We also knowt tha accessible
. . Mixed land use Horizontal Dimension .
commercial services need less catchment than alltur Rragius 1000 m neighbourhoods
of a block

services. This means that when developing an arisa, R Q)
important to scan the available cultural functiomghe
neighbouring area. The effects of a new area Jslb a

take place on that scale (radius 2.500 meter). mbst A
important conclusion therefore is the knowledge Fow » .
local change has effects on the city as a wholés Th @ "w
paper is a start in understanding this dynamics ‘ 7 4 = o
considering land use distribution. » '?2‘?' %
AN
«

7 Further research %
In this research we explored the relations between

synergies of land use and mixed-use developments by

means of Spacematrix, Place Syntax, and MXI. The Mixed land use Horizontal Dimension

methods are related to three dimension of urbam:for ~ <=@“*2°%™

density, land use, and accessibility. However trere ()

more dimensions of urban form to include (layoutl an

building types) which may effect the land use

distribution. Earlier research in Rotterdam South

(Berghauser Pont et al., 2011) show for instance

significant greater integration values for mixe@dus : *

blocks. In addition, a lot of other factors are siig ‘

such as public transport, population density, lprides, ’
accessibility to public space, etc. Further redeaeeds & %W
to be done to understand the role of these factarsio Ny

so, more factors and dimension should be addebeto t
here presented research frame.

Mixed land use Horizontal Dimension
Radius 5000 m
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