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Abstract

The work consists of two interrelated parts. The farst presents general issues relating to sustainable develop-
ment There are examples of the road investregntwhich the problems arising from the lack of a general ap-
proach to environmental principles and consequently sustainable construction occurred. In the second part, on the
examples of culverts and bridges, selected technical cases are discussed.

The aimof the paper is to characterize the inconsistencies appearing during the bridge design process and mainte-
nance in accordance to environmental categories. Several examples of thadgadnvestments carried out in

the last decade have created the hasigrmulate some opinions and questions.

The difference between the approach of bridge engineers and that of environmental ones to the concept of animal
transition is shown on the grounds of implemented technical and environmental standards. Thepexidems

are of dual nature, the first group being very general aspects i.e. concerning the concept of ecology, while the other
one involves detailed tasks, e.g. shaping the image of a bridge. Several questions of great significance have been
formulatedand addressed to ecologists. The answers are indispensable for bridge engineers to solve technical
aspects of the propesustainablelesign of environmerftiendly bridges.

Last but not least, the suggestion to use bridges as gtaaesnitoiing the environment in their surroundings is
presented. This research work might be crucial for further good cooperation of bridge engineers and environmental
ones.
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1. Introduction

Sustainable design and construction works are appli-
cations of the sustainable development concept. The
Latin s u s t reeartslistain or endure. Now the
term is more extended then the original Latin word
meaning. In the case of constructibthe contem-
porary understanding of the above is a sort of ac-
tions, which result in welfaref peopleand their sur-
rounding (Kates, 2005Quaddus, 2013). However
any development is thenity of adversities. On a
very minor scale it could be observed whenggles
between environmentalists opposing the expansion
of a transportation net and civil engineers occur. The
pure KantPraxis category (Critchley, 2012), which

is here only a technical tool, could be applied when
estimating engineer processes. Buildihghway
systems in the US and Germany in the 30s was a
method against the economic crjsidich was man-
ifested by high unemployment. This program
changed the transportation systems revolutionarily
and led to the industrial and economic growth.

The samegrogram was applied in Italy after World
War Il, where the results were the same and where
the development was spectacular.

So, bearing in mind positives of creating highway
systems one should put the following questian
what is an alternative choicef, looking forward,

the road systeris not done, will this be a compro-
mise for generation to comer not? The similar
problemappliesall around the worlgwhile creating
linear and spatial structures of a various typailt

with cements as a binder inrrete. The use of ce-
ment is one of the main souscef atmosphere pol-
lution. However, until nowthere is no substitute to

it. Without question, tunnels, roads or cities already
built and those being built at presgrtduld be treated

as developments that will be positive for further pro-
gress of future generations (which is the basic prin-
ciple of sustainable development). Nevertheless, the
pollution impact is also unquestioned. Where is the
balance or, more strongly,here is the impassable
limit for concrete technology (Aitcin, 2000)?

An interesting concept is presented in the arels-
tainable Development
2009) where the author analyzes sustain develop-
ment taking Ethics into considerationidttrue that

any changes start from mental disintegration which
leads to the higher level of new integration
(DNbrowski, 1964). 1t is
berg print technique followed in mass releases of the
Bible or the BrianeKellogg treaty (Stimso, 1932).
Those were the turning points in human mentality,
especially in ethics. Ethics is highly anthropological
while the natureis governedby very crude rules,

1 Die TheseAntitheseSynthese, geistloses Schema.

characterized by Darwin (1859). The everyday hu-
man life is full of behavioursvhich could be treated
as Darwin's type, being rather rare to ethics inherent
to other religions. Therefore, Cuvier's concept
(1825) that the nature could be divided into animals
(humans are animals, too) and non animals is still
valid. However, the ethicalpproach could be fruit-

ful when the problem of natural catastrophes will be
included into anthropological ethics. Natural catas-
trophes, e.g. a flow of the river high floodwater or
volcano eruption though are independent, even if
many barriers (warning systes, walls, etc.) are con-
structed to prevent them. In this perspective, on the
time axis, the ethical approach will be a considera-
tion valid locally only. Concluding, the ethical ap-
proachis consistent with thélegel helix {erene,
1998, additionally thisapproach fulfils all elements

of Hegel's schente

Pure philosophy and the philosophy of nature be-
come closer to engineering or, more precisely, to en-
gineers. The philosophical considerations display
their complexity when the designer starts to draw the
axis of the future road. At this moment, the current
problems between environmentalists and road engi-
neers arise in respect of understanding sustainable
development. This controversy will be discussed in
the text below.

2. From the protests of young lionsof ecologyto
the provisions of the European Union in the field
of environmental protection

Protected natural areas are key places where some
problems at the interface between the investriient
protection of the environment frequently appéar.
practice the all EU countrieare coveredy theuni-
form legislation which refers tahe most valuable
sites protectedn account of theinniqguenessf na-
ture. For mosEuropean countriethe development

of transport nets now mainlyassociatedavith their
maintenance anekplenishment

But there are countries, like Poland, where situation
is different.Poland'sransformation, which began in
1989, included lotof political, economi@nd social

Revolutior{ P a wg o ws kchangesThe first phase of the transformation re-

quired facimy the lack of a modern transport na$
well as diagnosing current problems of sustainable
development when the investment in infrastructure,
mainly roads and railways, took place.

Thve anitial dttenpte tosphee thesé probleneadedG u t
up, in the majority, infailuresboth dueto the incon-
sistency ofthe national legislatiorwith the EW s
one as well as poounderstanding athe principles

of a sustainable approach tansportinvestment
problems which should focusnthe possiblenaxi-

mal number ofsustainable development aspects.
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The turning point was the so called Rospuda River
case. In 2008 the road construction works were
stopped because of the organized protest of the local
ecological organizations. They wanted to protect the
river and were suggsting the alternative route of the
road. The protest had a form of blocking the road
construction works. Since that time, the real, both
technical and environmental, aspects have been ap-
plied in the design.

The Rospudaffect also caused thehange in the
law. Most of the legal acts modified the approach to
the design solutiond éuture road and railway routes

by the requirements of environmental and human
protection.The costs ofealizations otransport in-
vestmentdave increasedhut in mostcases tay re-
sulted insolutions fulfilling an important rolesso-
ciated with the developmentwhile eliminatingor
stronglyreducing thempactof transport facilitieen

the environment.

But there are cases, where any consensus is not
achievable. Theresentation of an example of the
felling trees along the roads in Germany (Branden-
burg, 2009) and Poland (Pomerania, 2010) may be
indispensable. Supporters of the tremgingand a
narrow road enlargement indicated a high risk for
people using the road the caseof a vehicle colli-
sion with a tree. In contrast, proponents of leaving
trees alongndicated the need to preserve rare and,
therefore, protected species inhabiting these trees
(hermit beetle and bats). They proposed the introduc-
tion of traffic restrictions (mainly speed limit) to
eliminate the risk of an accident. This example illus-
trates the similar approaches and understanding of
protection. The difference relates to protecting vari-
ous entities. The current rules in this case do not give
a clear solution, despite the fact that in defence of
man and nature an equally powerful pressure was ap-
plied.

The more spectacular action was conducted when
the construction of a detour around the small town of
August -w (Poland) was
cision on the design work of the circuit road was
taken. Among dozens of bridges, overpasses and cul-
verts there were also objects designed for small and
big animals. All this, i.e. roads and bridges as project
elements, was performed strictly accorditogthe
Polish and European standards on environmental
conservation. On the road run was the nature reserve
on the Rospuda Rivewhich was intended to be ex-
ceeded by means of high road embankments and
overpasses as well as bridges in the valley of the
river.

It is necessary to emphasize that the life of citizens
in August-w reached the
ditions due to heavy transport traffic, high noise, dif-
ficulties for pedestrian and bicycle traffic and even
dangerous accidents.

The road constructioworks started in 2007 but soon
the works were blockedlue to an ecological actipn
which was supported by some TV channels. In 2008

¢ o mothermpartieuarlywaluablenht@rél areas h e
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the investment was stopped. Recently, after signifi-
cant modifications of the projecthe construction
works were startedgain. Till now the Rospuda slo-
gan is readable anywhere and anytime in Poland
when one thinks of designing a road.

Here a question ariseshy such a situation occurred
(Directive, 1985 Directive, 1990 Directive, 2001).
Firstly, there is an analogy to thase of the overpass
highway of Pilzno, the Czech Republic. Also there,
the young ecological movement blocked the road
construction works, and also after ~10 years the con-
struction was continued. Probably here and there ap-
peared the same sociological macism. It is worth
mentioning that those were the days when both Po-
land and the Czech Republic joined the European
Union and when new circumstances provided a new
range for independent critics and personal responsi-
bility distrust to governmental decisiossll exist-

ing. 10 years' time seems to be brought to gain the
mature understanding of both reladdge technical
conditions and environmental requirements. This is
the time which allowedto avoid a really dramatic
cost of struggle between the two sidéshe invest-
ment process and to transform the two opposite sides
into partners. However, civil engineers have been
still waiting for more detailed and uniform rules re-
lated to the environmental requirements for design.
The above examples well illustratiee basic prob-
lems of the countriesn which the fast social and
economic change have a very large impact on the
problems of proper understanding of sustainable de-
velopment and the rules directly and indirectly re-
| ated Directive (Gagas,
As it turnsout, not only the countries that have re-
cently become part of the Elface such problems.

In several countries the highly organized social
groups and environmental organizations, with the
help of appropriately shaped legislation packets,
block many planng road projects.This applies
mainly tothe Natura 2000 sitesational parksand

de -
The example worth looking at mighe an attempt

to build theFederalS18road crossingational park
Lauterbacher Rie@SACT Special Area of Conser-
vation) near LakeConstanceon the Rhine at the
northern foot of the Alpsvherelocaland federahu-
thoritiesrecognized thathere was no alternatiep-

tion for the course ofheroad. The formal procedure

of the S1&oadcoursebeganin 1992

The consultations regardinigter alia, the course of
the road began in 1994, and ended in 1997. In 1999
the procedures relating to the authorization of the
construction of this road were initiated and ended in

2013

20041 Tthis detision appealedftte gaveaniméneof c o n -

the Land of Vorarlberg in which the disputed areas
of the national park are situated. At the same time, in
2001, there was a complaint brought to the European
Commission. In 2002, the European Commission
sent the Austrian Government dtég of formal no-

tice. Nevertheless, the Austrian government upheld
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the decision on the implementation of the road in
2003 but after half a year the execution of the deci-
sion was suspended due to the bringing of the action
of the European Commission to the European Court
of Justice. In March 2006, the Court of the European
Commission pointed to the failure of the Austrian
Government and the infringement of t&rds and
Habitats Directives (Directive, 1979 Directive,
1992) mainly for the protection of birdlsespecially

the corncrake (Case No:=ZD9/04).

This type and similar cases also took place in other
EU countries andltimately were settled by the Eu-
ropean Commission, and in some cases by the Euro-
pean Court of Justicéet us recall here Italy (Case
No: C 117/03), the Netherlands (Case No: C
127/02), Portugal (Case No:Z39/04, Case No:-C
191/05), Spain (Case No:Z3504), Germany (Case
No: G-244/05).

The above examples shptwow i in many cases

the problems associated with various aspects of sus-
tainable development: environmental, social, eco-
nomic, as well as political and legal interpenetrate. It
seems that due t®rtain provisions of the EU issues
(Directive, 1985 Convention, 1998) main areas and
species specially protected, have been harmonized
within the EU member stateldnfortunately,alsoin
many cases,there are stilldifferencesin the ap-
proachto the issesof preparing the projeétfor ex-
ample,the approacho skills investmentfrom the
point of view of theirimpact on the environment
(COST,2003GagaS, 2004). Even
between EU countries arethetechnical level.

The exampleslescribed below are focusing on re-
quirements for bridges and engineering facilities in
Poland. Over the yeatthose environmental require-
ments, have become more difficult to meet and are
sometimes economically unjustified.

3. Basic environmental requirements related to
bridges — case study from Poland

There are naspecial technical standards to design
bridge objectsregarding environmental needs. In-
stead of standardthere are paragraphs in the Polish
Transport Regulations (Regulation, 2000) where
suchrequirements are formulated in detail. Briefly,
they go as follows:
For wild animals a nowollision path ought to be en-
sured to let them move from one side to the other of
the higher class roads in the areas of the increased
migration, in particular inarger forest complexes
and areas of wetlands and other habitats of rare and
endangered species, as indicated by the relevant gov-
ernment authorities or appropriate local government
units. This ought to be done as:
- transition in tunnels across the bodytloé road
of a width equal to min 10 m,
- viaducts over the road with the entrances
equipped with a screening fence in the access
passages to the facility, of an axis crossing at an
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angle close to 60 deg, and connecting with the
green filming on the sité in order to lead wild-
life, fig. 1-2.

b)
Figure 1. The clearance gauge a) for small animals b) me-
dium-sized animals

gauge a) rectangular b) parabolic c) circular

In the case ofarge animals we practically have to
deal with fultsize viaducts. The rectangular clear-
ance gauge under the viaduct is of a minimum height
(H) of 4 m. The clearance widtB)is set by the fol-
lowing inequality

@
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whereN is the measure of narrowness of min value
N =15; H i the heightL i the length of the pas-
sage. Anothe more comfortable, parameters are
proposed in COST2003).

c) ;
Figure 3. Animal transitionsa) for mediurssized animals
b), ¢) for big animals

Basically the bridges were located over the rivers,
while the viaducts over existing roads, agricultural
fields or meadows. Such transition locations were
the aim of environmental tracts (Karas, 2011).

There were three groups distinguistiedmall ani-
mals, mediunrsize and big ones respectively. In
shorti for small animals, like frogs or hares, for
which it is necessary to build passes in form of cir-
cular tube culverts of the migliameter of 100 cm
(0,8 n?) and walking paths of a min of 50 cm
breadth, see fig. 3, culverts also leading along water
courses.

Outside of the culvert, the base of the passage should
be designed according to the existing ground surface.
In the case of waterourses some additiahside
benches running along the passage near the culvert
walls should be constructed. The surface of the
benches have to be placed above the average water
level. To protect animal migration on the roan

train lanesthe appropriate fence system shobkl
introduced to direct small animals to the safety zone
where the culvert passage is located. The above men-
tioned fences could be made from different materials
(steel shields) but in practice they aiuallymade

of green colour plastics.
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Finally, eventhough it is not written down in any
technical or administrative document, the local
stone, ground and vegetation are indicated to be
used.

b) ek B
Figure 4. River culverts designed in accordance to old and
new standards a) built in 2006 b) constructed in 2013

In fig. 4 the culverts present their beauty as elements
of the river's landscape. Also the photos show differ-
ences occurring within the range of eavimental
approaches. In the first photo there are absences of
side paths for small animals. In fig. 4b such a side
bench was made. The scarp protection is made by
use of openwork precast concrete heavy plates
which start being overgrown by grass. Techihjca

it is a typical and well verified solution, whereas the
concrete stiff elements are extraneous in the natural
river bed system.

Now, the dominating solution is to use more friendly
gabion mattresses which are filled with crushed nat-
ural stones, apppuiately to the mesh size, fig. 5.
The gabion mattresses protection easily becomes
overgrown by meadow grasses.

4. Long bridge — smaller environmental problem

A largeriver, or even a mediursized river always

has a wide floodplain. Additionally, high water lev-
els are significant because the height of the clearance
gauge is large. Designing a long span bridge means
to obey hydraulic and hydrologic criterions for the
easy flow of high river water. This tnmatically ful-

fils the conditions for the minimum clearance gauge
for big animals. Also, bigger distances from the car-
rying-deck to the ground level result in a more quiet
solution considering road traffic but also, increas-
ingly, for new rail bridges. Foa long time this pos-
itive ecological impact was countered by extensive
damage to the surrounding area caused during the
construction of long bridges. Nowadays, however,
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building technologies limit very strongly bad influ-
ence on bird habitats, especiallyring the breeding
season (Rochelle, 1998arniel, 2010).

b) EEEE v
Figure 5. The bridge over the Lopa River in Lopiennik;
transition for mediunsized animals a) in 2007 b) in 2009

b)
Figure6. T h e the Vis

bridge
a)view in 2012 b) under construction, 2014

over

The existence of biotope in the surrounding of long
bridges is a challenge for both environmental and
bridge engineers. Locally, during the bridge erection
the previously existing biotope is destroy#d. 6).
Figure 5a shows a change of vegetation occurring
during the replacement of the existing old RC (rein-
forced concrete) bridge with a new composite of a
steelconcrete. According to the environmental
rules the previous condition of vegetation should be
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recorstructed in the coming 18 months after the con-
struction works have been finished. As it is clearly
visible, it is not possible in practice, as shown in fig-
ure 7.

b) EEE : ) -
Figure 7. The bridge in Neple over the Bug River a) an old
one b) the new bridge

Also here, additional two views encounter. One of
them, in a technical sense, the empty one i.e. a
meadow clearance gauge, is perfect for the water
flow. The other option is the clearance gaumeer-
grown by bushes and trees. This is environmentally
perfe¢ solution. Here, bridge engineers are still
waiting for the answeir which is better?

5. The attractiveness of environmental solutions
for the people

While creating the environment surrounding for an-
imals it was forgotten that the human, in a sense, is
an animal too. Many rainwater reservoirs near the
highways were practically immediately populated by
amphibians, even when vegetation was not fully
completed.

A water mirror, a green escarpment of highway em-
bankments, an easy access i.e. in the vicinitthef
city logations, alldhesejwgre glemgnts attracting peo-
ple to camping, barbecue, fishing, birctching, in
general, to relax, fig. 8. Let us notice that the noise
of highway traffic at thefoot of the road embank
ment is relativelylow. All this provides the unity of
nature and home for people around. Also, while
building highways many secondary service roads
were necessary. This service net discloses many in-
teresting nature places. When one thieksiron-
ment the human is excluded. This soulills a very
popular idea i.e. to separate nature from human ac-
tivity or at least to limit the contact between them.
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b) ¢ ‘s:- ' :
Figure 8. On the S17 road aaturerefugeb) place of rec-
reation

-~ =~ -]

This is the basic concept accompanying the founda-
tion of national parks, for instance.

From the authors' point of view, the contact between
man and nature is an elementary organic relation. It
ought to be organized properly for both elements. To
do this, the more commercial approach is necessary.
At the designével the parking places must be taken
into consideration. The administrator of such areas
has to introduce clear rules of behaviour, such as en-
try fees, so, in short, all the elements which are in use
in countries like Belgium or the Netherlands.

Here appars another mental barrievhich should

be broken through. This one must be obvious for
non-environmentalists and bring about some discus-
sion among ecologists.

6. Questions that still need to be discussed and are
waiting for answers

Building a bridge object proceeds according to
proven, almost typical rulesvhich correspond to
those given in the Eurocodes. The possible variation
is only in term of details. Environmental engineers
repeatedly questioned about the impact of the image
on the behaviour darge animals, do not answer in
a clearly way. Actually, there are two schools, not in
congruence at all.

For example, the cone®f road embankments at
bridge abutments may have at least two forms. The
cone may be surfasenhanced by means of semi
rigid surfaces made of concrete blocks of thectb
thickness. The expression of such a solution is a
strong colour image corresponding to the geological
rock formation occurring in the rock mountains.

2 Actually, in terms of geometry there are quadrants of a
truncated cone.
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The other option is a solution used not so long ago,
in which the cones of embankments were strength-
ened by laying turf. In this case, the image is charac-
teristic of the lowland meadow views. Which is bet-
ter?The thing is that one can get answer in two var-
iants.

In terms of a bridge maintenance both of the dis-
cussed solutions are correct and equivalent.
Therefore, arises the question mentioned above,
which of these solutions is more peavironment?
There is also a twin question: how do large animals
perceive the colour or the colour intensity? As far as
colouring isconcerned, bridges are designed only in
the context of human acceptance.

Both questions are reasonable in a much broader
context, namelywhat is the psychology of large an-
imals? This question is so brogithat the problems

of forming bridges constitute its small percentage.
Another issue is the cost of engineering and road
bridges. It is estimated (Madaj, 201#)at the con-
struction costs of passages for small, medium and
large animals, noise screens, rgiag of trees and
shrubs were from 10 to 20% of the total costs. This
is a significant sum. What is the most expensive is
upper transitions for large animals, which amounts
to the cost of the normal typical overpass over the
highway.

Another reasonable qation arises concerning the
effectiveness of these costs (Bohatkiewicz, 2014).
Currently, the observations of the use of these ob-
jects by animals are commonly conducted. The an-
swers are partigbut positive. The material collected
from the observation @ludes animal trails and sin-
gle images of animals passing, which indicates that
animals use the constructed passages. However, so
far no conclusions can be drawn in terms of statistics.
Probably, animals need a generation or more to get
used to the new siaition. The answer to this question
is very important, as cited0 to even 25% represent

a significant compromise, involving the depletion of
the possibility of achieving the objectives necessary
to people (Karas, 2011).

Although the roasridge standard the field of
ecology were formulated long ago and are precise
and clear, the environmental criteria expressed in the
relevant documents are not. In the field of environ-
ment there is an exponential growth in various regu-
lations and instructions, whicheans that the goals
are not clearly defined. Hence, their implementation
may cause technical troubles. This is a major diffi-
culty, which in the opinion of the authors, results
from not enough professionalism of environmental-
ists.

Numerous mishaps show cibg that this area re-
quires a significant cognitive and technical disci-
pline.
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As an example, the reference is made to a temporary
break in the design and consequently the break in the
building of an airport in Swidnik (eastern Poland).
The area destinddr the runway turned out to be in-
habited by the spackled ground squif&bermoph-
ilus suslicus)which is protected.

The problem has become popular because of its mul-
tiple presentations in the mass media.

After a thorough understanding of the situatidn,
turned out that the existing colony of tepackled
ground squirreilvas the result ddrtificial release of

a few individuals from a breeding home. Due to un-
favourable natural conditions, and degeneration
within the groupthiscolony disappeared.

The dove example shows that good intentions must
be supported by solid research.

Here comes, therefore another question: how fare is
the recognition pure i.e. when is the recognition free
from the anthropological point of view ? The above
question is relateatyet another issue of nattr¢he
problem of locally favoured conditions

7. Nature v. nature

The symbol of the last international conference on
environment and road constructfowas a stork
preying at guiding fences. Another recorded instance
was of a snake hunting along a guide fence. Hence
comes a questiointo what extent are human activi-
ties appropriate to protect nature and to what extent
are the protecting processes leadmthe imbalance

of the whole system of fauna? Since nature is gov-
erned by the primary rule of surviyavery conven-
ience for some animals raises an increased risk for
others. From the point of view of a rehddge en-
gineer this problem is of minor siificance, but
every roaebridge engineer is also an ordinary hu-
man for whom the idea of equality, justice, etc. is
crucial.

As an example, for several years, beavers in Poland
have been under strict protection. These animals are
not very timid inthe neighour hood of
2004). Their nature is to build systems of daos
ing trees growing along the rivers. Following the in-
troduction of protective provisions there was a sig-
nificant growth of the population of beavers. Hence,
there was clearly a greatrange of their activities
which was manifested by fallen tredig. 9) andsig-
nificant consumtion of fish in rivers(sometimes up
to 100%) Here and there a new flood plain river ar-
eas occurredyith the surfaceclose even t®d hec-
tares. There was asible change of the image of
woodlots after some poplars, ashes and alder trees
had disappeared. There were problems with the
availability of grassland, maintenance of riverbed
profiles, uncontrolled damming the water. In the

3 6" International Conference on Environment and Aes-
thetics in the Road Constructionvhich was held in
Kazimierz Dolny, this year on 235 April; organized,
among others, by the Road and Bridge Chair of Lublin
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case of bridges and culvette problem strongly ap-
peared during the high water flpwhen the water
carried logs of trees blocking the light of the bridges,
causing additional stacking water and often blurring
the bottoms of the rivers.

b) P s S
Figure 9. Effects of the beavers activity

Natural conditions such as extreme high water flows
in culverts or under bridges after torrential rains
cause havoc among birds during the breeding season
cause the destruction of neatelwas the reason for
thebird chicksdeaths The statistical distribution of
such natural disasters meathst in large areas there

is some averaging, which is depicted in a natural
state.

If so, regarding to the environment, why road and
bridge works are invasive like, why arerpeived to

be an attack on nature?

Let us emphasize the fact that a lot has been done to
reduce the invasiveness to the minimum state, level

m awhich(seemg aaséfe one.

These questions are directed to environmental engi-
neers. Questions need not be considerethe basis

of the theoretical academic discussion. The form of
response must be sychat their implementation in

the process of constructiavill be possible. Lack of
such responses could be a source of spontaneous
public activity with a high emotiomdackground,
which is highly unrequired in construction works.

8. Conclusions

Achieving the full impact on sustainable develop-
ment in investing activities, particularly in the field
of linear structures, is currently a very difficult task.

University of Technology, http://wbia.pollub.pl/p-
wydziale/strukturavydzialu/katedradrog-i-mostow/
konferencjakazimierz2014 (01.09.2014)
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The roadnvestments cover all elements of sustaina-
ble development: ethical, ecological, social, eco-
nomic, technical, legal and political. Gaining an ef-
fect of the proper balance and ultimately of sustain-
able solutions can be extremely difficult and in some
casesmpossible. The reason is a varied level of un-
derstanding by many stakeholders of road invest-
ments. The hardest part is to understand the technical
problems that are related to the economic and legal
ones. The examples are culverts and bridges which
in mostcases, focus problems relating to the protec-
tion of nature and man. I$ true, that animal migra-
tion corridors have been changed on a local and con-
tinental scale due to the building systems of high-
ways.

Now there truly exsts the consciousness of theanu

of protecting the environmental systemhich also
requiresadditional work as a result of infrastructure
development. This is the only way leading to the so-
lution of the problem. It is necessary to conduct
qualitative and quantitative research in ademice
with the technical and environmental criteria.
Bridges are crossings of roads and railways on one
side and of migration animal paths on the other. On
this basis existing bridges should be supplemented
by monitoring systems which will be able to retor
the continuous or selected et®im the surrounding
Also, the distribution of temperature, moist, air pol-
lution and a noise level have to be added to the rec-
orded elements.

The monitoring of bridges, even if is not common,
works in special cases. Lad$ suspension or cable
stayed bridges are supplied with facilities to observe
strain, stress or displacement processes. The archiv-
ing could be done on hard discs or in the cloud. The
only action is to develop and unify the existing sys-
tems and adopt thero énvironmental needs. Having

a good archive it will be easier and more reliable to
formulate challenges for roduatidge solutions in
sustainable design.

After ca 30 year®f discussions on the sustainable
development thenelting potstill is observed. Tlsiis
intellectually very attractive but for the civil engi-
neers the results are still uncertain. Those engineers
who create the current and future technical elements
still waits for clear and ordered recommendations,
even instructions, which could be ajgpble in de-
sign and construction.
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