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Abstract

This project contributed to the ongoing development of an autonomous agent model of
Venetian boat traffic by collectindetailed turningnovement counts at 17 intersections and
updated indices for boat produced noise and wake pollution. These intersections had never
before been studied nor had any of their traffilated environmental concerns been assessed.
The team iderfied the major contributors of each pollution type and recommended speed limit
enforcement and more efficient traffic regulation as methods by which to mitigate potential

environmental concerns.



Executive Summary

Venice has a unique traffic system in that the primary means of vehicular
transportation is boats. This, however, does not exempt Venicestnoma ofthe same problems
that the average major city facéske other cities, Venice is subject to traffielated noise
pollution and congestion. Unique to Venice, though, is Moto Ondoso, otherwise known as wake
pollution, which has thédestructive potential to sink the citjo

Traffic count studies pioneered by WPI are undertaken semiannually by COSES, a city
organization dedicated to research and advancement. Thesefeaiitéted our analysis which,
in the future, will allowcity officials to make more informed decisions regarding traffic
restriction and regulation. Data concerning noise and wake polluiipatdoy boat type has
been taken in various studies in Venice. Not much has come of the collected data and little
environmental analysis has been completed.

The project group sought to increase the amount of traffic knowledge by conducting
additional field counts at previously uncounted locations. Combining this information with past
traffic count studies, the group increased the accuracy of current \fetraffec models and
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Figure 1 Map shows increased accuracy with the addition of our data

investigated the environmental impacts of traffic. The picture above displays a difference of 240
boats between two major counting locations. Without field data at potential turning points in

between, a model would have to guess hoaitoats distributed in order to account for the

1 Professor Fabio Carrera



disparity. Instead of inaccurately assigning equal value to each intermediate intersection, the
correct number of boats that turned at each location can be used due to field data collected by the
project tean.

The traffic count locations were selected based on the criteria that they are integral to
inner canal traffic flow and had not yet been counted. Working in groups of two, we counted
boats in accordance with the methodology created by WPI and preseapilyyed by COSES.
Working during peak traffic hours, boats and their maneuvers were counted and categorized by
type.

Using past traffic count studies alongside existing noise and moto ondoso pollution data,
the group calculated index values for eaclupion type at various locations throughout the
canal system. These values were quantitatively ranked and used to create gradient maps
presenting areas of high and low pollution. This moto ondoso gradient map shows areas of high
(red) and low (yellow) wad pollution. As might be expected, the highest levels of wake
pollution are along the Grand Canal and Rio Novo.

Figure 2. Moto ondoso gradient map

It was determined that boat traffic volume is not necessarily directly propakto the
amount of pollution in any given area. For example, pollution impacts gfoetholeand ten
cargo ships are quite different. While tp@endolecontribute heavily to traffic congestion, they
produce virtually no pollution. Conversetyrismoboats generally travel at high speeds and

contribute a high percentage of the total pollution.



These pie charts present the percentage contribution by boat class to total traffic side by
side with the percentage contribution to moto ondoso pollufionsmoboats account for only
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Figure 4: Noise pollution by boat class Figure 3: Moto ondoso contribution by class
40% of the total traffic and yet they are responsible for nearlyohtlf t he canal syst el
pollution.

The environmental effects of traffic can be easily mitigated through improved regulation
and stricter law enforcement. The project group concluded that excessive speed is a majority
contributor to boaproduced nise and wake pollution. Further study evaluating specific
pollution contribution by boat type would be instrumental in better understanding the cause of,
and solution to, traffic related environmental concerns. Additionally, the project group
recommends atitional seasonal traffic count studies be undertaken as they provide the

foundation upon which all other traffic related issues may be meaningfully analyzed.
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1. Introduction

City traffic is mnsidered most often in terms of heavy congestion as a result of the work
commute This pattern is referred to as the origin/destination traffic mddw.traffic is in turn,
simulatal with this in mind.Unregulated traffic would pose a serious threat both to peogl&an
the environment. Therefoteaffic laws, regulations, and spekohits areoften investigated and
o 7 ‘ altered  Traffic is  often
overlookedbutit is very much a
integral part of the city. For
example, Washington D.C.
experiences a 73% population
increase as a result of non
resident traffic’

Venice is no different
from other major citiesof the

world in that traffic directly

affects every facet of daily life.

Figure 5: Typical traffic congestir? o There is, however, one unique
divergence. Cars are not

allowed in Venice; all of h e eehidularivaffic is due to boatsWhile some aspects of typical
traffic considerations apply, mamp not. Venice is interwoven with nearly 150 canals through
which boats travel dail§. A thorough understanding of this boat traffic can leadvast
improvementghroughouthe city. Similar to car traffic, bositalso pollutehe environmentThe
most prevalent forms of such pollution arater, noise, and wake

Water traffic results in a variety of potential dangers which, when better unakrstoo
be reduced to an acceptable leRevious research haseasuredsome of these dangey
determiningthe average energy output and volume of boats by type at various locations, an index
was created that identifies areas @fhthwake pollution. Inaddition, ARPAVobserved boats at

various locations and recorded their decibel outputs at various speeds and accetkrigras

2 http://truckphotos.freeservers.com/traffic_jam.jpg
3 http://money.cnn.com/2005/10/21/real_estate/buying_selling/daytime_population_cities
4 Carrera, Fabio and Caniato, Guiovanni; "Venezia la Citta Dei Rii



sixteen hour periad Finally, traffic counts are taken semiannually at over twenty locations
throughout the cityFigurel?).

Traffic count data has yéb be taken at many intermediate canal intersectibnsugh

intersections, there
insufficient data to accuratel
simulate traffic  behavior
through the inner canal§o
this end, boat traffic counts at
the inner canals would
increase knowledge abo
traffic flow through the entire
network. Currently, a team
from the Santa Fe Institute i
developing an autonomous
agent model which reliesrigure 6 Venetian traffic congestion

heavily upon traffic data to

accurately simulate the manner by which boats navigate the c@fidisa better understanding

of Veni ceds tlyeolleftad pallutidnkdata canbe used auasproxy to evaluate the
environmental impacts of said traffic.

The most recent traffic count data will be used to upttegemoto ondoso index and to
create a noise pollution indeXVith the additionof our traffic counts, our goal is thae
autonomousamodel will become more intelligent and allow us donstruct precisgollution
indices based on more realistiambers.Additionally, an accurate simulation is invaluable in
cases of emergency planniagd can be used more broadly to increase traffic efficiency.

2. Background
The project team studied boat trafficat intermediate canal$n Venice and its
envirormental impacts In order to become more familianth thesetopicsthe team researched
some general information abouénice, boats, traffic, and related types of pollutidmcluded in
Section 2areimportant topics relevant to boat traffic counts, boat pollution, and the Venetian

canal system.



2.1 Traffic

For centuries Ver@ans sole mode of transport through the canal system was human
powered boats.Seeing as rowboats create no wake pollution, the possibility of erosion leading
to collapse was never taken into consideratibtowever, since the advent of motor boats, the
population of rowboats has become nearly extik¢aterborne traffic as a primary means of
transportation has lead to a unique traffic paradigm.

Traffic patterns are primarily influenced by origin and destination. For instance, traffic in
a major city depends most heavily upon the commute to and from work. Weekend and afternoon
traffic are predisposed more towards leisure and consumer actiwtezsce traffic, though, is
significantly different from that which most experience. Residents of Venice commute to work
on foot orby meansof public transportation. For this reason, Venetian traffic does not fit the
typical model. The traffic in Venie that fits the origirdestination model is characterizieg the
delivery of goods to storegshi ch accounts for 36% of Veniceods

A significant portion of Veni ceos traffi
transportation accounts for 469% the total trafficc This is almost completely fueled by the
tourism industrywhich provides Venice with 70% @k yearly income. Witi8 million tourists
everyyeamnd growing, there has never been more s

150canals®

2.2 Venetian Boat Types
The many boats travelling daily through the canals in Venice fit categorically into 21
““WM"E
types as seen in Appendix .Bt is important to
categorize them this way as they serve different

purposes and contribute differently to pollution.

> 4 -

The first two types are reserved for cafﬂj@uré 7: Cargo boat (Type 2)
boats, large and small respectively. Similar to delivery trucks on the highway, thesbaaigo
travel the same routes over and over again delivering items
throughout the city. For considerations of traffic analysis,

they are linked together in a class named cargo.

The third type of boat, tagj accounts for a

lfiguré-é: Taxi (T:/be 3)'

5 Carrera, Fabio and Caniato, Guiovanni; "Venezia la CittadDei Rii
6 http://news.bbc.co.uk/2/hi/europe/6035047.stm



significant portion of inner canal boat traffic. Due to the extremely high level of tourism in
Venice, taxis are kept permanently busy traveling back and forth between the airport and hotels.
The economy of Venice relies heavily on thealasystem as it is the primary method of tourist
transportation and sightseeih@heir business is increased more so by the greatly reduced speed
of alternate travel methods. Taxis are particularly notorious for travelling quickly with large
payloads and averaging a higher noise output than other

boat types. Taxis belong to the puli@nsportation class. : =

The remaining members in the public = = _

transportation class are larger boats that travel betwee;';"‘n =
designated stops according to schedule. The vaporettl, e

== S <> — T

(Type 6)

1

motoscafi, and alilagha boats belong to this categoryigure 9: Personal boat

Before their existence, gondolas were employed to transport
people across Grand Canal and to the mairfland.

Not all boats travelling through the Venetian canal
system are for public transportation. Privately owned sport boats

can be seen as well, albeit less frequently. Types six and seven

are reserved for personal boats with and without cabins,
Figure 10 Gondola (Type 20) respectively. Thy are generally quite small in comparison,
manned by one or two people, and have a tendency to travel more quickly than other larger
boats. Unlike cars in a city, private transport is representative of a great minority. Even native
Venetians opt to travgublicly in lieu of using their own boats to and from work.

The final boat class, gondola, is intrinsically associated with Venetian history. Today,
gondolas are employed primarily by tourists for city tours. Gondolas are unique also in that they
represent the largest population of frantorized boats still operation in Venice. Motorboats are
responsible in large part for the environmental harms of neither of the above and are a constant

reminder of Veniceds serene past.

7"Monitoring and Analysis of Cargo Delivery Systems in Venice, ItalyplCZ2
8"Evaluation of Tourist Use of Venetian Transportation”, IQP 2001.-8f. 28



2.3 Traffic Count Studies
Between February,
1992 and July, 1994
WPI students

completed projects that

SEGMENTI STUDIATI
per Campagna

B smzobenigo

collectedtraffic datain

several major canals in

Venice. This study

included a count of

boat passages per day J
and included

specifications on boat

type and approximate

Figure 11 Boat traffic index completed by WPI students between the years of 1992 and 1994

Ii

payload.?

Since then, WPI has pioneered traffig¢
counts throughout the city on a semiann
basis. Now, counts are taken by a ci#¥
organization naed COSES. The purpose ¢
these counts is to better understand
evaluate traffic flow. In doing so, the cit
will be better prepared to make polic

recommendations regarding traffic.

Figure 12 Moto ondoso damage

9 Carrera, Fabio; Il Traffico Acqueo Nei Canali Interni Di Venezia, 10, Luglio, 1996.



2.4  Moto Ondoso Index

Canal wall deterioration is catalyzed by boat wakes. The waves slowly erode the walls
and the mortar which binds them. This compromises the structural integrity of the walls such that
they are more susceptible to the destructive forces of boat wakes.

After World War Il, the population of motorized boats in the canals of Venice increased
rapidly. Before motorboats were introduced into the canal system, the canal walls were only
subjected to the forces of water as it flowed in and out of the lagoon wittidéks. Because
motorboats have since become the primary mode of transportation in the city, the canal walls
have been exposed to the constaantion caused byoat wakes.

When a boat moves through an ar

it first displaces the water by pushing ft#
away from the boat. Then, as it leaves t:
same area, a gap in the water is left whigk
is quickly filled
the surrounding water. This disturbanc
creakes a wake, whickan bedevastatingly
erosive to nearby structures. In generg '
this is not a problem because the energ

can disperse in large bodies of water. HAnure 12 Example of wake pollution from a taxi

the canals, however, where the width amd
depth is severely limited, this poses mu |
more d a problem when the energy fro
the wakes is transferred into the ca
walls.
In addition to the wake produced b
passing boats, a significant amount
turbulence is eated during maneuvers
Unlike cars, boats do not have brakes aIl;liure 14 Example of wake pollution against canal walls
are required to reverse their engines in
order to slow down. In doing so, they increase their turbulence output by churning water beneath

the surface.



The erosion of the canal walls rassan immediate concern to the structures on and
around them. There have been many instances of buildings collapsing due to their structures
being eroded from beneath themot only is this a safety issue, but the city faces the danger of
losing some ofts historical beauty.

Wake pollution is rapidly becoming an unavoidable issue. The repair of the walls is quite
expensive, ranging anywhere from 100 to 3000 Etft@ompared to motorized boats, human
powered boats create little to no wake. Intuitivelyke pollutionhasbecome groblem since
the use of motorboatsicreased. The speed at which boats travel has a direct impact on the
amount of wake they produ¢e.There has been resehrdone demonstrating that a drastic
reduction in wake pollution can be achieved if boats traveled at the posted speetflimits.

In 2002, a group of WPI students measured moto ondoso oveema\week period in an
attempt to quantify wake pollution by boat type. They did this by measuring wake period,
wavelength, and amplitude, as well as average spedabéiytype. Then, he average moto
ondoso output by boat type was calculated in order termdne a rough estimate ofvhich

canals were most affected.

Energy of Different Boat Type:

30

25

20

15 m5 km/h
10 44— m11 km/h
20 km/h

Energy (kg/m)

Large Cargc Small Cargo Taxi Personal Boat

Boat Type

Figure 15 Energy contributed by different boat types at varying speeds

It should be clear that increased moto ondoso is the direct result of increased speed. In the

aforementioned study, it was determined that only 3% of boats actually abided by the posted

9The Moto Ondoso Project: Assessfi ngenihece EfIf @R tRr od e Btoa
11 Comure di Venezia; "Assessorato ai Trasporti e Servizi Pubblici Commissione per lo Studio del Moto Ondoso”
20The Moto Ondoso Project: Assessing the Eff&Hcts of Boe



speed Imits. Intuitively, more boats respecting the speed limit would drastically cut down the
average speed, and therefore reduce the total moto ondoso output.

2.5 Noise pollution studies

The evolution of motorboats into the Venetian canals has led to an obsanabbse in
the amount of noise. As the boats travel through Venice, different engines at different speeds will
cause varying levels of noise. Before Venice adopted motorized boat traffic, such noise was
nonexistent. Now, it is unavoidable. Undoubtedhis new noise pollution issue is something
that needs to be addressed sooner rather than later. While noise pollution seems to pale in
comparison to water and wake pollution, its effects can be great. It is well documented that
prolonged exposure to neican negatively affect ones hearing to the point of hearing damage
and loss. One of the less known effects of noise pollution is its effect on cardiovascular health.
Exposure to moderately high levels of noise pollution during a single eight hour,period
typical work day, can cause a statistical rise in blood pressure due to a measureable increase in
stress levels. Increasing vasoconstriction causes the rise in blood pressure, which is a main cause
of coronary artery disease.

Measurements of noidevels produced by traveling boats were collected over a

16 hour period by ARPAV, the Agenzia Regionale Per la Prevenzione e Protezione del Veneto.
The team monitored the Rio Novo over the course of the day with several microphones set up to
record soundrbm different angles. Each observation was isteanped such that the individual
noises could closely be associated with the boat passing by at each moment. The overall goal
was to determine how much noise was produced by each boat at varying speedgeand an

Large cargo boats were the first boat type monitored during the shiglwolume
increased marginally as speed increased, but shoots up noticeably to 84.1 decibels when making
a turn® Small cargo boats follow a similar pattern, although they are significantly quieter.
Travelling at 5km/h, these small merchant vessels create 68.8 détibvels separation from
their larger cousins, these boats are actually noisier when travelingygsickight than when
making a turn. When traveling at 10km/h, twice the posted speed limit, small cargo boats output
74.2 decibels. When turning, they create only 73 decifels.

BComune diAndnezi aded | i nqui namento acus®Rico den€aato
Fos c2a02i o
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Engery by Maneuver for Varying Boat Type¢
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Figure 18 Energy by maneuver for varying bodpes

Public transportation accounts for a significant amount of Venetian boat traffic, and as
such, taxis are found everywhere. The most common taxi model outputs 73.8 decibels when
traveling in a line at 5km/h. When turning, however, they output 7&iBels. In this way they
resemble the large cargo boats, but the difference between turning and travelling straight for
taxis is less significant. In fact, even when traveling at 10km/h there is only a difference of 3
decibels®

Less prevalent in the ovdracheme of Venetian traffic are personal sport boats. They
cannot be ignored, though. When traveling at 5km/h, these boats output 71.4 decibels, and when
they are turning these boats output 78 decibels. In keeping with the trend of other boats, they too
create more noise when travelling faster.

Of course, little can be said about noise pollution without traffic data to supplement the
amount of noise outputted by each boat type. To this end, the noise pollution data collected by
ARPAYV was compared alonge boat traffic counts carried out by COSES over the 200
years. The quantity of boats by type counted at each station was multiplied against that particular

boat typeds average volume output such .t hat
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Then, these sums by station were compared to construct a noise pollution index for the canals of
Venice.

2.6 Autonomous Agent Model

Traffic models are beneficial contributions to the body of city knowledge and are
employed to simulate a wide variety of situations. Such models can prove invaluable in instances
of emergency planning. An accurate traffic model, when affected by a sionutztastrophe,
would allow city officials to determine an efficient course of action in case something similar
was to happen in reality.

A more obvious use of an accurate, robust model would be to plan appropriately for times
when certain canals are skd. While conducting inner canal traffic counts, it was observed that
many boats would enter a canal system only to turn around out of necessity upon realizing their
destination canal was blockell.team composed of staff at the Santa Fe Institute naradtisR
is working to produce a model which would accuratgiypulate Venetian boat traffic.The
Redfish group intends to make their model dynamic and updatable such that it could redirect
traffic based on such closings.

To program their model such thatmost accurately simulates reality, Redfish relied
entirely on COSES traffic count data. With this information, the model could intelligently
account for which boats entered and exited the canal system but it could only guess as to the
paths they travetk in between. In order to upgrade this representation from conjecture to

informed decisions based on statistical probability

2.7 Book Chapters
In addition to counting traffic at intermediary locations and analyzing the impacts of
trafficbds pty thé graup atsmcreated two baok cbapters. These two book chapters
contributed to an overall book summarizing the achievements of the VPC over the past two
decadesOur group contributed a chapter on the traffic of Venice and one on the impacts of

traffic in Venice. These two chapters can be found in Appendix H and Appendix I.

3. Methodology

In taking our traffic counts, we sought to provide data at interseaiibith had not been

studied. This information was used in an autonomous agent traffic modetréase its



accuracy. Using existing traffic count data alongside our own, the project group worked toward

creating noise and moto ondoso pollution indices.

3.1 Area of Study
Boat traffic data is collected regularly at major intersections by COSES. No information
existed for intermediate traffic intersectioffégurel?). The project grop decided to implement
the COSES traffic counting methodology at such intermediate intersections in ofoetteio

understand traffic flow through the inner canals. Additionally and equally important, an

autonomous agent traffic model -
is being developedhat lacked
information  regarding these /
uncounted sitesTo rectify this, |

the intermediatesites were also /|
chosen to increase the accuracyi"
of the model 6s si

The first step was

determining which intermediate
points were worth counting_Figure 17 COSES semiannual traffic count locations

(Figure 18 To this end, the

group implemented the
following criteria: ( :

9 Uncounted

i Integral to inner canal
traffic flow
1 Useful for makng the
model more intelligent
The process of  stationigure 18 our traffic count locations
selecion began by using a GIS
layer showingthe major intersectionthat had been counted by COSESaid in arbitrary
selection of intersections which had not been courtethe weeks that followed, the station

selections evolved from arbitrary choices to educated guesses and eves@vahteen



intersections weragreed uponvith the project advisorslo see a map with our locations and
COSES locations refer to Appendix C

Major intersections which are counted regularly by._M_ P ,_ A
COSES were purposefully excluded so that the project. ‘\ *” A, E
group could focus specifically on interme@iacanal traffic. _j_‘f_ " ) r?;r1; -
The intentwas to measure traffic in areas that had not yet "/ / /I | -
been studied in order t o if'm'p"'r_[ov%,‘e_.'-the traff
accuracyAn example of one such intersectionsisown in _f r | _"1,
Figurel9 Figure 19 One of t;affic count locations

near the bottom of the Grand Canal
3.2 Traffic Counts
Once on site, the project group decided which stations to count traffic at each morning. In
teams of two, we proceeded to carry out traffic counts at two stations dailyenef@ami
12pm. This time period was selected because it is representative of peak traffic @oars.
person would observe the traffic and call out information while the other recorded this
information on a spreadsheéthe traffic counts were informatly structured in accordance

with an example datasheg@iablel) used in official COSES counts.

Table 1: Example data sheet

From To Type Time | People | Plate Cargo (/4)
A B 2 10:00 2 6V14593 2
A B 6 10:00 2 LV17565 1
A B 2 10:15 2 LV694D 2
C A 2 10:15 2 RV11680 3

The primary concern while conducting traffic counts was accurately recording
maneuvers. At each inted®n, the possible paths welabeledclockwise6 A6 t hr.ough 6
Each lettewvasused in correspondence wite directiorthe boat was coming from and where it
was heading. Occasionally, a boat would approach the intersection only to turn. akound

example of such an occurrence would be | abel e



The other vitally important| || | !

o Number [Station |From To Type Time People |Plate Cargo (/4)
observation was correctl 1 8|C A 6|  10:00 1)Lv18241
2 8(8 A 6 10:00 1 —
identifying boat type. We made us 3 Slc B - L 2
4 8|8 C 6 10:15 2|LVv31057
of the COSES traffic field guide’® : - c S HEVESRE L

which categorizes the differen
boats into twentyone typesA type :
3, for example, is a taxi while &
type 19 is a Vespa trash boat)rF :
purposes of traffic analysis, thg
twentyone boat types ar

consolidated into five classes

merci (merchant), turisSMarigure 20 Methodology for traffic counts
(tourism), servizi (services),
diporto (sport), and gondolaOther considerations such as payloads, license numbers, and

passengecountswere recorded budre of litle significance to this report.

3.2.1 Traffic Count L imitations
Traffic in Venice is ever changing. The routes of the cargo delivery boats are different
every day, and depend heavily on environmental and seasonaiawdiOn a rainy day, for
instance, cargo boats make only the necessary deliveries and any others are postponed. In order
for traffic models to take this into account, further studies must be done on how cargo routes

change with inclement weather.

Additionally, the time of year and day of the week can greatly influence traffic patterns.
Venice is subject to large fluctuations in its population between the high and low tourist seasons.
While its economy relies heavily upon tourism, the low season cawdsgease in necessity for
cargo delivery, and thus a change in traffic flow.

Our traffic counts are subject to many of the same problems. We counted each location
only once, and due to our limited time, it was necessary to count every day of the week
Venetian stores have different hours every day and many are closed on Wednesdays. As a result,

our data is ridden with minor fluctuations.



3.3 Moto Ondoso Index
In order to create an index of wake pollution with a corresponding gradient map it was
necesary to combine traffic count data with moto ondoso data collected for each boat type. To
yield the total moto ondoso created at each traffic count location we devised the following
equation:

21
U = !OQZ 6"Q
|1

Equation 1

M, is the total moto ondoso at a station.isBhe averag ener gy emi tdedt byheéo
boat 6s averageistied lod @il t wumbleir| @f Bhbwrt sd odt ttylpe
By multiplying E and B we obtain the total moto ondosatput per boat type at each station.

Then, by summing the totals for types 1 through 21, we obtain the total moto ondoso energy
entered into the canal at a single station. Applying this same methodology to each station we

quickly gathered totals for ewecounting location at which we had data.

3.3.1 The Moto Ondoso Index

One of the biggest assumptions that our projects makes lies in the validity of the Moto
Ondoso Index, a previous study done by WPI students. When studying their project wd realize
that some of their data seemed very skewed. Upon further inspection into their databases, we
determined that they did not take data on nearly enough boats to make many of the assertions
that they did. Mainly, the average velocity of the boats they uneasvere very inflated. This
is not to say that they took inaccurate data, but that perhaps the locations that they chose did not
best suit application to the inner canals of Venice. For instance, their project claims that the
small cargo boats travel aver 20kmph on average, while the speed limit in most inner canals is
only 5kpmbh. If this data had been measured in the lagoon or on the Grand Canal then it may be
accurate. However, from our observation over the last eight weeks in Venice, we khow tha
cargo boats do not travel this fast through the inner canals. Having no basis in discrediting their
data, however, we chose to assume that their data is accurate and their engineering ethics intact.
We do, however, recommend that this project be regeaerhaps in a Mechanical Engineering

MQP where students design a way to accurately measure moto ondoso and the average velocity



of boats using instruments of their own design to do the testing. Once complete, the moto
ondoso values they obtain for téferent boat types can be applied using our methodology, and

the graphs and analyses can be made more accurate.

3.4 Noise Index
In order to create an index of noise pollution with a corresponding gradient map it was
necessary to combine traffic count datéh noise data collected for each boat type. The
equation we formulated nearly mirrored that of our moto ondoso index with a minor difference.
There is an obvious increase in noise output when boats maneuver. As boats enter a turn they
tend to decelate and when they complete a turn they accelerate back to their original speed.
This accelerati on c¢ au somsonsgper mnuehichemtsrecreates at he e

higher noise output. Our equation is as follows:

21
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Equation 2

N is the total noise at a station.; 5 the averageani se emi tted Dy thaat s
maneuvered. Bis thet ot a | number ®ft thbaotattsurofed yasehead i gi v e
averageai se emitted O6byt hbaota tdsi do fynisothetgiabnundbier of bohts | e B
of tdptehati did not turn at aand Biweabtaintheetotabt at i o
turning noise output per boat type at each station. By addisgalue to the product ofsEand

Bs, the total noise of boats that went straight, we obtain the total turning noise output per boat

type at each station. Finally, by summing the totals for types 1 through 21, we obtain the total
noise emitted at arsgle station. Applying this same methodology to each station we quickly

gathered totals for every counting location at which we had data.

3.4.1 Noise Pollution Study Limitations
The noise pollution data on which our index values relied is also subject to a few
inaccuracies. When ARPAYV collected their data, it seems that many assumptions were made
about engine types, one being that all boats of a given type have the same ahtjiaéthese
engines are roughly the same age. Intuitively, an older engine does not run as efficiently as a

new one, and as a result increased losses through vibration increases the noise output of an



engine. Assuming that all engines are roughly tineesage and have similar noise output is
incorrect. Additionally, the data was not retite payload. The amount of cargo in a boat
increases the force that the engine needs to exert in order to achieve certain acceleration. In
order to achieve this ineased force, the engine must run at higher revolutions per minute and
therefore create more noise. This error, however, is easily remedied with further study. Since
traffic counts currently take data on the payload of each passing boat, knowledgeeoigsy

noise increases with payload can be easily applied.

3.5 Spatial Extension
Traffic counts have not been conducted at every possible intersection throughout the
canal system. In order to extrapolate data between counting locations, linearity wasdassum
While not an entirely accurate representation of the uncounted areas, this method of spatial

extension provides a workaldstimation.

3.6 Longitudinal Analysis
Over the past seven year©OSES hasbeen conductingdraffic counts attwenty one
stations smiannually Trends of the traffic counts have yet todtedied In order to create such
trends, station count data was compiled and queries were Irudoing s@ we included the
number of boats at each station by type and the total number of boatebgrtgach year. This
new set of data was then put into a spreadsheet to graphically represent the trends. A best fit line
was applied to each set of data and an equation was obtained. This eqaatioeused to

extrapolate the traffic data fseveralyears to come



4. Results and Analysis

The following chapter presents the data collected by the project team between October and
December, 20Q7

4.1 Traffic Counts and Turning Movements at Intermediate Intersections

Figure 21 below represents the traffic counts carried out by the project team at

Boat Volume at Mew Locations

Merci
Turisma
Diparto
Servizi
Gondoela

(] o

Figure 21 Boat volume at our traffic counts broken down by boat type

intermediate location€ach pie graph displays percentages of traffic by boat class. The volume
of the circle is proportional to the number of boats counted at each location. Generally, the traffic
was dominated byurismoandmerciboats, but there are some instances where otasses are

more prevalentOne example is thgondolewhich represent a tiny portion of overall boat traffic

in Venice(refer toFigure24) In and arounda piazza san Marcahere tourists frequengondole

are clearly the leading contributor to boat traffito see map of COSES locations refer to
Appendix D)

4.2 Moto Ondoso Index and Major Contributing Boat Types
Spatially extended traffic data was applied as describ8®Buf the methodology chapter
to create index values for each canal segment. A sampling of these index values are shown in

the following table.



Table 2: Moto Ondoso index valus

Station Number Total Moto Ondoso
21664
1973

1

2

4 11800
5 12166
6

7

8

30197
34030
1748
9 13892
10 2053

Each of these values (and others foundAppendix E) was used to create the colmded

gradient map showbnelowin Figure22

Figure 22 Moto ondoso gradient map



Intuitively, a higher level of moto
ondoso is observed in the Gran

Canal due in large part to the hig

Boat Traffic Breakdown
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of traffic is the only factor in
determining total moto ondoso. A
shown in Figure24 andFigure23 the
percentage that a single boat cla
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Figure 24 Moto ondoso contribution by class
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i Figure 23 Percentage that each class contribute to total volume
Conversely, the turismo boats account
for only 40% of the total traffic while they contribute nearly half of the total motdoso in
Thi gaping

At their average speed, a taxi boat with medium payload outputs 14r85kgnoto ondosd’.

Venice. S di sproportion is caused

While taxi boats are one of the main contributorsntaito ondoso, their contribution can
be easily mitigated through speed limit enforcement. Driving at the recommended speed limit of

5 kmph would reduce the taxi s odminldkewise ifthd os o o
The Moto Ondoso Project: Assessing the Effects of Boa
B0TMeo®t o Ondoso Project: Assessing the Effects of Boat



small cargo boats (type 2) travellat 5kmph they would reduce their moto ondoso output by

98.5%. Similar patterns can be seefigurel5

4.3 Noise Pollution Index and Major Contributing Boat Types
Spatially extended traffic da was applied as described iecBon2.5to createnoise
indexvalues for each canal segmémfer to Appendix F)A sampling of these index valuase

shown n Table3.

Table 3: Noise index values

Station Numbel Total Noise
112610
116060
831
8568
19447
17510
120910
80876
10058

©| 0 N| O g &~ N| -
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Figure 25 Noise pollution gradient map

Index values were calculated for
each traffic station and then a colof
coded index was created based on
them.
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The different boat classes each produceaveragea different amount of noise pollution
per boat. Twaty cargo boats, twentyondole or twenty taxis would all affe@n overall noise
total in different ways. The percentage of noise pollution by boat type was calculated and is
displayed inFigure27. One striking example ihé gondola clas#hich accounts for 4% of the
total traffic population but contributes 0% to overall noiBeis difference is accounted for by
theturismoboats which output 43% of the overall volume while making up only 40% of overall
traffic.

Anotherimportant consideration in evaluating overall noise outpuhat boats output
more noise while maneuvering. Therefore, intersections where boats are more apt to turn are
noisier(refer to Appendix G)Figurel6shows a comparison between the average noise output of
each class when turning and traveling straightevery case, more noise is made when turning
then when turning straight. The only exception is the g@andobup which does nautput any

noise whatsoever.

5. Conclusions and Recommendations

5.1 Traffic

Traffic studies are the foundation of meaningful traffic analysis. They allow city officials
to make educated decisions about traffic regulation. With contitraéfitt studies, the body of
traffic information increases. We therefore recommend further study to facilitate more informed
decision making.

Traffic models are employed primarily for emergency planning and traffic efficiency.
Current models are based existing traffic to run an accurate simulation. Thus, an increase in
traffic counts could only lead to a more intelligent model. As an example, our traffic counts were
able to increase modeling accuracy by up to 333%.Fidare 28 below, you can see two
previously counted intersections indicated by red dots. The numbers of boats counted at these
points are shown. Note that there is a difference of 240 boats betwea®rotheints. A model
might assume equal distribution of the difference across the four possible intersections where
boats can divert. With the addition of our data, however, the model gains a more accurate
understanding of how boats travel at these lonat We recommend frequent traffic counts at

more locations in order to increase model precision.
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Figure 28 Map shows increased accuracy with the addition of our data

The methodology for traffic counting could stand toitvgroved as well. One
such improvement would be adapting the technique to consider weather. Traffic patterns are
dramatically affected by inclement weather. Understanding traffic trends as a function of weather
patterns is valuable. In addition, traffiatperns are subject to change depending on the day of the

week. Therefore we recommend adapting the methodology to account for this.

5.2 Moto Ondoso

It is clear that moto ondoso would not exist in the absence of motorboats. While many
people subscribe to the line of thinking that removing motorboats from the candénick
would remove this problem, it is clear that doing so is a threat to the=atficof goods delivery,

a convenience that Venicebs economy relies ug
which could better be served by regulation.

Moto ondoso output exponentially increases as speed increases. With this in mind, there
are many traffic regulations that can lessen the effects of wake pollution; speed limit
enforcement being one of the most obvious. As shown above, boats traveling at the posted speed
limits produce significantly less wake pollution than at their averagedspékile it may not be
feasible to post police boats throughout the canal system, we recommend stricter enforcement.
This can be achieved in part by increasing speeding fines. Additionally, we believe it would be
helpful to raise public awareness in hofiest people better understand the degree to which they

can prevent excess wake pollution.



5.3 Noise Pollution

Not unlike wake pollution, noise pollution in Venice is a direct result of motorized traffic.
Venice had previously bepuobkinownamd wWhae WiMmoesl
its tranquility. Now, Venice shares a similarity with other major cities in that it is subject to the
sounds of modern traffic. Noise pollution can also be lessened through traffic reduction. The
problem persists, thugh, that cutting back traffic entirely is an impractical solution.

A possible way to address noise pollution is to impose time restrictions by class in
specific areas. This can be done by considering the time of day, residential population, and canal
function. For example, it may be unnecessary for taxis to parade through a highly residential area
during siesta if an alternate route existed. Conversely, it would not make sense to impose the

same restriction ogondole
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Appendix A: Boat Type Field Guide
TIPOLOGIA DELLE IMBARCAZIONI

TIPO16UNI TAGO

MERCI

GRANDE

TIPOLOGIA

TARGHE

NOTE

Mototopo, topo grande, motobarci
barcone, topa entrobordo, cofano
grande, patana grande, sampierof

Piu frequer®®’: 1nnn, 3nnn, 4nnn,
13nnn, 14nnn, 23nnn, 30nnn, 4nn
V: da 10nnn a 13nnn e OnnnA;

In caso di rilevazione parziale dell
targa, riportare qualche altro
elementautile (home, scritte lateral

grande). pit raroLV; VE: da 2nnn a 8nnn. | nelle note specificare la presenza
cabina (cisterna, cella frigorifera, (
altro).

TIPO20UNI TAG6 MERCI Pl CCOLA

TIPOLOGIA TARGHE NOTE

Sampierota, topetta fuoribordo,
patanela, barchino, cofanetto,
zatterino.

Piufrequen®V: 1nnn, 3nnn, 4nnn,
13nnn, 14nnn, 23nnn, 30nnn, 4nn
V: da 10nnn a 13nnn e OnnnA;
pit raroLV; VE: da 2nnn a 8nnn.

In caso di rilevazione parziale dell
targa, riportare qualche altro

elemento utile (nome, scritte later
nelle note sgrificare la presenza d
cabina (cisterna, cella frigorifera, (¢

altro).

TIPO 3 d MOTOSCAFO TIPO TAXI



TIPOLOGIA

TARGHE

NOTE

Lance in legno o vetroresina senz
indicazioni di appartenenza a enti
pubblici o privati (mezzi in servizid
pubblico, regolad con striscia giall;
- 0 abusivi).

Piu frequert: da 2nnn a 8nnn;
piu raro6V: 13nnn, 14nnn, 23nnn,
30nnn;

V: da 10nnn a 13nnn e 00nnA.

Rilevare sempre la targa ed

eventualmente il nome, sempre il
nome se non si riesce a rilevare Ig
targa, indicandee esiste la striscia

gialla.

TIPOLOGIA

TARGHE

NOTE

Grossa lancia con posto di coman
centrale, spesso scoperto, e posti
passeggeri a prua e a poppa, spe
coperti, (mezzi in servizio pubblicg
noleggio regoladicon triangolo
giallod o abusivi, linedcon tabelle;
mezzi in servizio privato per alber;
0 CIGA 9 e attivita turistiché

vetrerie di Murano).

Piu frequent#t: da 2nnn a 8nnn
pit raro6V: 13nnn, 14nnn, 23nnn,
30nnn;

V: da 10nnn a 13nnn e 00nnA.

Rilevare sempre la targa ed

eventualmente il nome, sempre il
nome se non si riesce a rilevare Ig
targa, indicando se esiste la strisg

~

gialla o co
del |

proprietaria (CIGA, etc.).

S e

nome dattiv




TIPO 5 d NATANTE TUR ISTICO (2 PIANI)

TIPOLOGIA

TARGHE

NOTE

Motoscafo per comitive turistiche,
completamente chiuso o con pont
superiore scoperto.

Piu frequerc: da 2nnn a 8nnn;
3VE nnn;

Cl nnn; 2CI nnn;

Piu raronXXnnn; 6V 000n, 13nnn,
14nnn, 23nnn, 30nnn.

Rilevaresempre la targa e anche il
nome ove possibile, almeno il non
se non si riesce a rilevare la targa

TIPO 6 6 BARCA DA DIPORTO SENZA CABINA

TIPOLOGIA

TARGHE

NOTE

Barchino, cacciapesca, cofano,
zatterino, gommone, unita da
diporto a motore adtte agcursioni
giornaliere (marche di costruzione
piu frequenti: Boston Whaler, Brut
Dese, Gobbi, Studio 5).

Piu frequente: LV;

piu raro: V: da 10nnn a 13nnn e
00nnA;

VE: da 2nnn a 8nnn, nnnn D, nnn
ND;

N: 1nnnn VE, nnnn TV o PD o altri
provincia,;

nVE: nnn,nnn D; Cl: nnn D; nCl:
nnn D;

ancora piu raro: nXXnnnnD

Indicare se non ha targa.




TIPO 7 0 BARCA DA DIPORTO CON CABINA

TIPOLOGIA

TARGHE

NOTE

Unita da diporto a motore ad 1 o {
ponti con cabina adatte alla
permanenza in mare per piu giorn

Pidfrequenté: da 10nnn a 13nnn e
00nnA;

VE: da 2nnn a 8nnn, nnnn D, nnn
ND;

pit rard\: 1nnnn VE, nnnn TV o
PD o altra provincia; nVE: nnn, nn
D

Cl: nnn D; nCIl: nnn D;

ancora piu raro: LV; nXXnnnnD.

I ndi
nome con companhento marittimo

care se non
di registrazione (specchio di popp

soprattutto se di altra nazionalita.

TIPO 8 d BARCA DA DIPORTO A VELA

TIPOLOGIA

TARGHE

NOTE

Unita da diporto a vela di qualsias
dimensione.

Piu frequenteda 10nnn a 13nnn e
00nnA;

VE: da 2nnra 8nnn, nnnn D, nnn
ND;

Indicare se non ha targa, se navig
vela e | deventu
compartimento marittimo di

registrazione (specchio di poppa)




pit rard:V; N: 1nnnn VE, nnnn TV
o PD o altra provincia; nVE: nnn,
nnn D

Cl: nnn D;

nCl: nnn D;

ancora piu raro:

nXXnnnnD.

sigle sulla vela soprattutto se di al

nazionalita.




TIPO9OUNI TAD

A REMI

TIPOLOGIA

TARGHE

NOTE

Barca tipica venezafgondola,
sandolo, mascaretta, etc.) piu can
kayak, jole, veneta.

Senza targa

Specificare se appartiene a grupp
sportivi organizzati (scritte laterali

TIPO 10T ALILAGUNA

TIPOLOGIA

TARGHE

NOTE

Grossa lancia con posto di coman
centralespesso scoperto, e posti [

Piu frequerM: da 2nnn a 8nnn
pit raro6V: 13nnn, 14nnn, 23nnn,

Rilevare sempre la targa ed
eventualmente il nome, sempre il

passeggeri a prua e a poppa, spe| 30nnn; nome se non siesce a rilevare la
coperti. V: da 10nnn a 13nnn e 00nnA. targa.

TIPO 116 NAVI E NAVETTE

TIPOLOGIA TARGHE NOTE

Nave marittima in metallo di grosg
media stazza.

Senza targa, solo nome e
compartimento marittimo.

Rilevare il nome e compartimento
marittimo, specificando se nave d
passeggeri (nave traghetto,
catamarano, nave da crociera,
aliscafo, etc.) o da caricon@p

cisterna, rinfuse secche, etc.).




TIPO 126 PESCHERECCI E RIMORCHIATORI

TIPOLOGIA

TARGHE

NOTE

Piccole navi da pesca e navi per
rimorchio o spinta inavigazione
isolata.

Pescherecci piu frequente:

VE nnnn, nVEnnnn, CIl nnn, nClinn
Rimorchiatori piu frequente:
senza targa, solo nome;

pit raro/E nnnn, Cl nnnn, 6V nnnn

Rilevare sempre la targa e anche
nome ove possibile, almeno il non

se non si esce a rilevare la targa.

TIPO 138 CHIATTE E ZATTERE

TIPOLOGIA

TARGHE

NOTE

Natante fluviale o lagunare a basg
profilo, eventualmente con gru e
natante di metallo rettangolare,
solitamente trainato da altra

imbarcazione.

Pescherecci piu frequente:

VE nnnn, nVEnnnn, Cl nnn, nCinn
Rimorchiatori piu frequente:
senza targa, solo nome;

pit raro/E nnnn, CI nnnn, 6V nnnr

Rilevare sempre la targa e anche
nome ove possibile, almeno il non

se non si riesce a rilevare la targa




TIPOLOGIA

TARGHE

NOTE

Motonave o nave traghetto di linei

Sempre VE nnn o nnnn.

rilevare il nome in alternativa alla
targa.

TIPO 158 VAPORETTI ACTV

TIPOLOGIA

TARGHE

NOTE

Vaporetto ACTV

Sempre VE nnn o nnnn.

Rilevare il nome orilumero in
alternativa alla targa.




TIPO 168 MOTOSCAFI ACTV

TIPOLOGIA

TARGHE

NOTE

Motoscafo ACTV

Sempre VE nnnn

Rilevare il nome o il numero in
alternativa alla targa.

TIPO 216 PILOTINA BLU ACTV

TIPOLOGIA

TARGHE

NOTE

Motoscafo ACTV

Sempre VEEnnn

Rilevare il nome o il numero in

alternativa alla targa.

TIPO176ALTRA UNI

TAO GHheA2&E> 10 m

TIPOLOGIA

TARGHE

NOTE

Tipo merci grande o in caso di
difficolta nella classificazione.

Qualsiasi

In caso di rilevazione parziale dell
targariportare qualche altro
elemento utile (nome, scritte later
nelle note specificare la presenza
cabina, cisterna, cella frigorifera,
altro).

TIPO183ALTRA UNI TAO RUnGhEz22d.<Al0 m




TIPOLOGIA

TARGHE

NOTE

Tipo merci piccola o in cadb
difficolta nella classificazione.

Qualsiasi

In caso di rilevazione parziale dell
targa, riportare qualche altro

elemento utile (nome, scritte later
nelle note specificare la presenza

cabina, cisterna, cella frigorifera,

altro).
TIPO 1960 VESTA  TRASPORTO RIFIUTI URBANI
TIPOLOGIA TARGHE NOTE
Natante lagunare di colore verde | Qualsiasi Rilevare il nome o il numero in

dotato eventualmente di gru.

alternativa alla targa

TIPO 206 GONDOLA

TIPOLOGIA

TARGHE

NOTE

Barca tipica veneziafgmndola

Senza targa




ESEMPI DI TARGHE







Appendix B: Longitudinal Analysis Graphs
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Appendix C WPI Station Count Locations




Appendix D: Total Volume by Boat Type




Appendix E: Moto Ondoso by Boat Class

Moto Ondoso by Boat Category
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Appendix F. Noise by Boat Type




Appendix G: Turning Percentages

Appendix H: Venetian Traffic



The Venetian system of urban transport is always in a state of contradiction between the
radical differences of the network to an equadiglical separation of its functions: the network of
viable water and the network of viable land. The first is almost exclusively reserved for
transportation of people, as well as goods shipments and trash pickup. The second comprises the

majority of land novement of people and all of the final distribution of the goods.
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The prevailing component of water traffic regulates the commercial activity of the transportation
of people and goods.

This double infrastructure for transportation is universally reasghas the optimal way
of looking at the separation of the flow of transportation and therefore, by definition, the quality
of urban life. This is comparable to the situation of a moderrf city.
Nevertheless, the system of urban water transportation iic&bas reached, over the past few
years, a crisis point, where pressing issues have been brought to the forefront. In order to be
successful, rigorous attention must be paid to the planning of traffic and other components, such
as the constant flow of mement.
The structure of the transportation network

Observed from the point of view of transportation, the canals in Venice present the
typical network of a historical center from

trends and their sgonal variability. The peculiarity consists in the fact that, instead of

t



converging in numerous public squares, the network of canals flow the water away along an
axial course.

The presence of the lagoon, which encircles the city with wide and deeptmavidennels,

acts as a system of travel around Venice. The wide section of the Grand Canal and some of the
main inner city canals connect the two systems of the inner and outer city. It certainly has had
some minor difficulties with adapting to moderntorized traffic, particularly regarding the old
city of dry land: with the exception of some limited branches, the
entire network is accessible by motorboat.

The most important traffic arteries within and surrounding Venice
can be represented by two centric rings® (red rings in figure

on left). The outer ring includes tHeanale delle Fondamente
Nuove Colombola Tronchetto GiudeccaBacino di S.Marcp

and theCanale delle Navi The inner ring is made up of the

central part of the Grand Canal and the entirety oRilbeNuovo.

The next level of arteries includes tR® de Noal

Canale di Cannaregiahe northernmost and southernmost tails
of the Grand Canal and tl&omenzeraThese canals connect
the inner ring with the outer ring (purple). These connecting
canals coupled with the rings themselves account for the
majority of traffic in Venice if for no other reason than they are
frequented heavily by taxis and vaporetto. IRRulbansportation

boats from the ACTVAzienda del Consorzio Trasporti




Veneziatravel all of these canals as well, exceptRi@de Noal.

Moving past those two main groups of passagewhgse are two more types of arteries
that play a vital role in ghflow of traffic in Venice. These are the secondary arteries (blue in the
side diagram) and the bypass canals (yellow). The secondary arteries inclRaedhe
S.Sebastian, Carmini, BriaindTre Ponti connecting th€anale della Giudecct theRio
Nova The blue canals also include the two parallel canals in Dorsoduro that allow travel
between th€anale della Giudeccand theCanal GrandgRio de San Trovasandde San Vij
and the two parallel canals that connect outer and inner ring acrdssdlgh of San Marco
(Rio de S. MoisandRio de la Canonica, S.Zulian, de la FaamadRio del Fontego dei
Tedeschi The list of secondary arteries is completed by two canals that connect inner and outer
rings to the north and East, namely Rie dei &nti Apostoliand theRio de Santa Marina
(which actually connects the inner ring to one of the bypass canals described below).

The final major elements of the water traffic network in Venice are canals that bypass parts
of the network and create shortc(isllow) between two parts of the inner and outer rings. For
instance, th&io de San Poland the connectinBio Marine Rio de San Zandegotagether
creat-ehapdédo bypass that cuts right through
of S.Polo and Santa Croce. Similarly, Ri® de Santa Giustinand theRio dei Greciand
Sant 6 Aforrh anrinverted Y that connects two parts of the outer ring in the Castello region,
asdoesthRi o de labtthefagherrEast. e

Now go and consgt the problems created by the indiscriminate use of motorized traffic,
first the issue of moto ondoso. Canal waves created by passing boats have the power to damage

buildings and surrounding structures and they occasionally do. Moreover, the circuldiioe o

changes continuously, as a consequence of the immense program to excavate and reconstruct the

canals headed by the Comune and by Insula, in order to shorten the unavailability of the entire

t



water network. In order to resolve this problem, the Conpuoposed a plan of simple city
navigation and assembled to review the transportation laws, with the objective of a definitive
reorganization of the water traffic circulation taking into account the periodic essential features
of the network.
The problem bwater transport: the urban factor

The difficult work of adapting the historical network of the canals into an effective
modern traffic model has already been mentioned. There are also problems of building
degradation as a result of the moto ondoso. pitiblem, in general ternisthe incompatibility
of motorized traffic with the ambient qualitys characteristic of a contemporary urban system,
the case in Venice is due specifically to two factors, the first, the urban development, the second
the moderization factor.

The first factor dates back to the age of the beginning of land connections with the
mainland, the construction of a railroad between Mestre and Santa Lucia and the first
translagoon bridge (1846).This becomes more obvious with the cdistratthe translagoon
road and the beginning of automobiles in the
the beginning of the 606s with the introduct:i
consolidation of the western city dsetonly access point between the people and the goods, and

with the interruption of the circumnavigation of the floating city.



These changes reduce the original radial articulation of access from the outside to the
city, with one network of inner connéans between the main poles of Rialto, San Marco and
Arsenale, and involve a monoaxial rigidity, centralized on the Grand Canal and the pedestrians
parallel, along which the traffic is concentrated.The ancient canals function across the entire city
and thewater network is connected with the lagoon, on whose articulation the city was structured
on long ago.

There have been a lot of adaptations of the pedestrian network to the new city
organizational system directed towards the translagoon bridge. Litttglung is changed in the
structure of the water network, too delicate to be touched for greater architectural value, that is
unavoidable to safeguard, but is surely underrated in its function of transport. Instead, the
penetration in the heart of the cafthe systems of land transport was assumed.

The last attempt of reorganizing the water network, in relation to the new system of
Venice access, is the creation of the river Novo, contemporary to the realization of the
automotive connection over the taan and Rome piazza, inaugurated in 1933, than it marks
itself also as the last example of planning integrated of a system of transpertation

infrastructures and meangven though limitedly to the collective transport of persons. It goes



