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Problems of influence of urban infrastructure on aviation safety of modern
airport

The influence of urban infrastructure development on aviation safety in modern air-
ports is analyzed. Collision risks of an aircrafts with high-altitude obstacles on the
aerodrome territory, risks to third parties, the zones of constraints on the impact of
aviation noise and area of environmental safety are considered.

Airport in the city has a strong positive effect on its development: aviation
transport provides a great contribution to passenger traffic, which promotes transport
infrastructure growth. However, the development of urban infrastructures, in par-
ticular the construction of new high-rise buildings, can create a number of problems
for the aerodrome.

In accordance with the requirements of ICAO Standards and Recommenced
Practices, the aerodrome is a designated part of the earth or water surface (including
any buildings, structures and equipment) intended to be fully or partially used for
arrival, departure, movement, parking and maintenance of aircrafts. The aerodrome
has its own territory — a part of the earth's surface with a radius of 15 km with a
center at the control point of the aerodrome (a point which determines the geo-
graphic location of the aerodrome.)

The specific of the technological operations provided by the aecrodrome (tax-
iing, take-offs, landing of aircrafts) imposes certain restrictions on areas near the
aerodrome territory. It is clear that there should be no obstacles that could interfere
with those parts of the earth's surface, over which the flights of the aircraft are car-
ried out, namely the descent of the aircraft during the approach, climbing after take-
off etc. That is why, in the aerodromes, the domestic and international regulatory
standards have established certain restrictions on the imaginary surfaces that have
specific dimensions and angles of inclination, [1, 2], Fig.1.
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1
Fig. 1. Obstacle limitation surfaces on the civil aviation acrodrome
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Obstacles at the aerodrome territory are all immobile temporary or perma-
nent objects and moving objects or parts thereof located in a zone intended for the
movement of aircraft on the aerodrome working area or which rise above the imagi-
nary surface intended for safety of airplane in flight.

All obstacles should be taken into account and monitored by the aerodrome,
subject to marking and light fencing, requirements for which are also contained in
regulatory documents [1, 2].

As an example, to illustrate the presence of obstacles in the aerodrome area
let’s take Kiev International Airport (Zhulyany) named after Igor Sikorsky, whose
aerodrome territory today has more than 1,000 obstacles (Fig. 2).

Fig. 2. Obstacles at the acrodrome territory of the international Airport "Ky-
iv" (Zhulyany) named after Igor Sikorsky

Constructions companies are trying to build constructions of maximum floor
space, because the highest floors have a minimal cost while bring the maximum
profit. World practice shows the presence of high altitude objects on the civil avia-
tion aerodrome territory and it is a natural process of development the city.

There is no clear prohibition on the construction of high-rise buildings that
cross the surface of obstacle restrictions in the national normative and technical
documents. The normative document [3] states that the aerodrome operator conducts
a comprehensive analysis of the object of construction, classified as an obstacle, and
the permission on the construction is approved by the State Aviation Authority of
Ukraine on the basis of a detailed analysis of all submitted documents.

In the requirements of international standards [1] there is a clear prohibition
on the crossing of certain obstacle limitation surfaces, such as take-off and approach
surfaces, however, in p. 4.2.20 it is stated that "... New objects or extensions of
existing objects should not be permitted above the conical surface and the inner
horizontal surface except when, in the opinion of the appropriate authority, an object
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would be shielded by an existing immovable object, or after aeronautical study it is
determined that the object would not adversely affect the safety or significantly
affect the regularity of operations of airplanes. "

When conducting an assessment of the possibility of constructing an object,
classified as an obstacle in a certain zone of the aerodrome territory, it is necessary
to consider several factors of "safety" of this zone, namely, the restrictions for con-
structing new high-altitude objects in this zone in order to minimize:

« consequences of the negative influence of aviation noise and electromag-
netic radiation on the inhabitants and visitors of the this object;

« the consequences of negative environmental impact through the airplanes’
operations;

« consequences of negative influence on the ornithological situation in the
aerodrome zone;

« risk to third parties;

« risk of collision of an aircraft with an obstacle that rises above the imagi-
nary obstacles limitation surface.

An analysis of the obstacle location and the approximate definition of the ar-
ea in which the obstacle is located allows us to make a preliminary conclusions
about qualitative analysis of collision risk with an obstacle, which allow to conduct
more accurate quantitative analysis in the future. Clarification of zones boundaries
requires more detailed calculations of risks.

The physical dimensions of the zones shown in Fig. 3, is the result of a pre-
liminary qualitative analysis. In any case, for each obstacle, a quantitative determi-
nation of the airplane collision risk must be carried out.

2o g
Fig. 3. Diagram with results of qualitative analysis of airplane collision risk
with obstacle at the aerodrome territory.

The maximum risk of airplane collision with an obstacle (red zone) exists
within the areas of the earth's surface, which are located under the projections of the
obstacle limitation surfaces during take-off and approach and near the physical
runway boundaries.
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Maximum risk value at specified areas may be explained by executing of
landing and take-off operations directly above these zones and proximity to the
runway.

The realization of hazards may lead to landing or take-off the aircraft with
altitudes which do not provide a minimum margin above the obstacles, which in turn
can lead to dangerous convergence or collisions with them. Additionally, a violation
of the accuracy of the guidance or human factor may result in a landing before opti-
mal touchdown zone or after it, which can also lead to rolling out the runway, so the
risk of collision in these areas is considered as maximum.

A preliminary analysis of the public safety zone regarding the conditions of
the risk of aviation incidents and accidents (risk to third parties) indicates that the
construction of new high-altitude objects in these areas should be prohibited because
of the maximum risk to third parties, and also because of the negative noise (sound)
and environmental impacts from aircrafts flights in areas of public safety.

The average risk of collision with an obstacle (yellow zone) exists on the
Earth's surface areas within the borders of the projections of the internal and external
horizontal obstacles limitation surfaces, which are adjacent to the zones of maxi-
mum risk. Depending on the location of the obstacles, they may create a risk of
collision with the aircrafts in case of continued take-off, missed approach, overrun
landing or precision/nonprecision approach with critical engine failures, and / or
failure of systems of control the trajectory parameters of the aircraft. In these cases
unfolding moment is created in the direction of the obstacle, which the crew of the
aircraft can not compensate quickly.

The preliminary qualitative analysis of risks to third parties indicates that the
construction of new high-rise objects in these zones must be accompanied by calcu-
lations of risks to third parties, and also, taking into account the negative noise
(sound) and environmental impacts from aircrafts operations. In addition, in deter-
mining the risk to third parties, the aircrafts’ trajectories should be taken into ac-
count during missed approach and turns in the aerodrome zone.

If the construction of a new obstacle is planning on the part of the earth's
surface located within the projection of any trajectory of the airplane movement in
the aerodrome zone, the risk to third parties will be higher than, for example, for a
house located in the same zone but outside of the projection of the trajectory of the
aircraft movement.

The minimal risks of collision with obstacles (green zone) exists on areas of
the earth’s surface, within the projections of the inner and outer horizontal obstacle
restrictions surfaces, adjoined to the middle of the runway on both sides and diverge
in different directions to the boundaries of the outer horizontal surface. Obstacles
located in this zone create a minimal risk, as they are located at large angles, to the
trajectories of the aircraft during take-off and approach to landing and landing.

The risk of collision is significantly increased in case of the realization of
hazards during extended take-off or interrupted landing with the failure of a critical
engine or control system trajectory parameters of the aircraft, creating unfolding
moment in the direction of an obstacle that can not be overcome. The risk to third
parties in this zone is also minimal.
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Qualitative analysis of the "safety" of the zones at the aerodrome territory
will allow preliminary determine and assess the collision risks of aircraft with the
obstacles and risks to third parties. Only if the obstacle is located in the "safe" zone,
which must be proved by appropriate justifications and calculations of the values or
indices of risks, construction of a high-altitude obstacle at the airfield territory of the
modern airport is possible under condition that it will not influence the operation of
aerodrome aeronautical equipment etc.

Conclusions

1. The construction of new high-rise buildings at the aerodrome territory
of the modern airport is a natural irreversible process of development of the infra-
structure of the big city.

2. The possibility of construction of a high-rise obstacle at the aerodrome
territory of a modern airport should be proven by applying a systematic approach to
assessing the "safety" of the obstacle location zone and the obligatory condition for
identifying and assessing all possible risks associated with the obstacle (the overall
dimensions of the obstacle, the presence of other obstacles in the zone, the impact on
the ecological, ornithological situation, etc.).

3. The presence of high altitude obstacles in the aerodrome territory may
in the future lead to the introduction of restrictions on the performance of technical
operations at the specified aerodrome, for example, the establishment of larger climb
gradients during take-off, etc.
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