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1.0 INTRODUCTION
1.1 PURPOSE

Advisory Circular 150/5390-2 (reference 1), entitled "Heliport
Design,’" provides design guidelines, recommendations, and standards for
heliports, helistops, and helipads, as well as for helicopter facilities
at airports. The advisory circular* addresses a number of areas, to
include parking area separation, protected airspace requirements,
lighting, surface characteristics, wind indicators, etc. Only Federally
funded heliports are required to adhere to these guidelines. As a
result, a variety of helipcrt designs, employing various design
parameters, may be found in operation today.

Mishap** data was analyced in this effort and was intended to be used
for two purposes. The first of these was to:

o gain an understanding of the types of mishaps that occur on and
near heliports,

0 determine if current heliport design requirements are adequate
based upon mishap analysis, and

0 make recommendations concerning areas in the Heliport Design
Advisory Circular which may need to be addressed, expanded, or
emphasized.

The second purpose of the analysis was to quantify the risk
associated with heliport operations, and to develop a methodology for
comparing helicopter accident statistics with corresponding fixed-wing
general aviation, commuter, and air carrier operations. The results of
these efforts are presented separately, with risk exposure being
addressed in a companion report entitled "Analysis of Helicopter Accident
Risk Exposure at Heliports, Airports, and Unimproved Sites,"

DOT/FAA/RD- 90/9.

1.2 BACKGROUND

Current helicopter operations occur at a variety of facilitles
including public and private heliports, airports, offshore oil platfo.ms,
and improved as well as unimproved landing sites. Pilots are faced with
numercus heliport designs and operational considerations depending upon
the type of construction, location, and intended use of the facility.
Several factors that may vary from facility to facility include the size
of the approach/departure protected airspace, landing area surface
composition, obstruction clearance, refueling availability and type,
ground and obstruction markings, overall facility size, and facility
layout.

*NOTE: This report addresses the Heliport Design Advisory Circular [AC
150/5390-2] and will refer to this advisory circular throughout as
"advisory circular™ or "Heliport Design AC."

**NOTE: The term mishap is used to denote either an accident or an
incident.




Several research and development projects have been undertaken to
quantify various aspects of heliport design as it relates toc helicopter
performance. These include:

o "Heliport Surface Maneuvering Test Results,'" DOT/FAA/CT-TN88/30,
(reference 2),

o "Heliport VFR Airspace Based on Helicopter Periormance,"”
DOT/FAA/RD-90/4, (reference 3,

0 "Helicopter Physical and Performance Data,' DOT/FAA/RD-90/3,
(reference 4),

o "Helicopter Rejected Takeoff Airspace Requirements,"
DOT/FAA/RD-90/7, (reference 5),

o "Evaluating Wind Flow Around Buildings on Heliport Placement,”
DOT/FAA/PM-84/25, (reference 6), and

0 "Rotorcraft Acceleration and Climb Performance Model,"
DOT/FAA/RD-90/6, (reference 7).

These undertakings were concerned with the requiremcnts and adequacy
of heliport protected airspace, parking and maneuvering sepacation,
rejected takeoff ground/airspace, and wind flow analysis as they relate
to current heliport design guidelines and actual helicopter performance.
In addition to thosc mentioned above, a current research effort is
endeavoring to understand and model the dynamics of rotorwash. A number
of these projects have recommended that one or more of the current
heliport design standards be revised or revisited. However, before
making any changes to the advisory circular, it was recognized that a
review of the historical mishap database should be undertaken to
understand the nature of mishaps that have occurred or may have a high
probability for occurrence at heliports. This report presents the
results cof that analysis.

Because the term "heliport” may be interpreted differently and may
includz various types and locations of facilities, the term "heliport,”
as it applies to this study, iz defined as any facility that is
designated a heliport, whether stand-alone or at an airport, and any
location for which the obvious intended use is as a heliport. VYor
instance, a barge, parking lot, or even an individual's backyard that was
used regularly for helicopter operations was considered a heliport. On
the other hand, a location which is used as a takeoff/landing area only
once or twice was placed in the "other"” facility category. This
definition is generally consistent with the following definition which is
contained in the Heliport Design AC.

"A heliport is an identifiable area on land, water, or ctructure,
including any building or facilities thereon, used or intended to be
used for the landing and takeoff of helicopters.”

Of fshore oil-platform mishaps were intentionally excluded from this
analysis, since offshore landinpg facilities are not addressed in the
Heliport Design AC and are not normally available for public use.
Offshore o0il platform design for helicopter use is addressed in a
separate document entitled "Offshore Heliport Design Guide,”
reference 8. This document is published by the Louisiana Department of
Transportation and Development and is accepted as the industry standard.




1.3 DOCUMENT USE

The primary focus of this study was tc review desipgn- ro

which have occurred at or within 1 mile of helipcris {throu

document we will r° er to such mishaps as taklng place "near

airpeorts, or unimproved sites). However, early irn the study it was
realized that there were relatively few such nmishaps which occur near
heliports and very few which vccur rear public use heliports. Tuerefore,

in ordsr to obtain enough information t¢ examine design-related mishap
causes, 1t was necessary to include mishaps which hav. occurred near
airports as well as unimproved sites. Of the 117 civil and military
mishaps used in the study, 4 mishaps (2 percent) occurred near public use
heliports, 41 (35 percent) occurred near private heliports, 41 (36
percent) occurred near airpccts, and 31 (27 percent) occuirred noar
unimproved landing sites.

By reviewing design reiated mishapz, potential design velated
shortcomings can be understood and measure. can be taken tc furtt
reduce the already low number of such occurrences. It is hope? thal by
looking at the types of mishaps that may occur near helip

iports, airportis,
and unimproved sites, this document will be used by helipori and airport

designers to assist them in their facility design efforts.

Also included inr this document are discussions of operational factoro
that have contributed to several of the mishaps. These discussions
highlight the importance of good operational procedures. These
operational procedures are not necessarily related to design issues but
do contribute to a safer heliport environment. Discussion rclating to
operational cause factors can be used by pilots and flight instructors to
help understand the role operational factors may have in causing
mishaps.

This document can be used both for training and for risk rmanagement
analysis. The intended audience includes heliport designers, heliport
operators, flight instructors, and pilots.




2.0 METHOIL )LOGY OVERVIEW
The basic methedelegy used for thic study is depicted in figure 1.
2.1 DATABASE SEARCH AND DATA COLLECTION

The initial ef "ort was to collect helicopter mishap summaries. Tz
ensure that all operators and types of operations using public and
private facilities were included, mishap summaries were solicited fro..
both civil and military sources. Mishap summaries were received from the
National Transportation Safety Board (NTSB) and the United States Army.
Once the misnap summaries were reviewed, full reports for those mishaps
deemed appropriate to the study were ordered {or in-depth analysis.

2.2 IN-DEPTH ANALYSIS

An in-depth auaalysis of each full mishap repart was then performed.
Particular attention was given to dimensional, surface, and protected
airspace 1ssues. These factors were of particular importance, since they
represent the basic characteristics of heliport desi_n and comprise the
primary focus of the Heliport Desi-n AC.

2.3 ADVISORY CIRCULAR RECOMMENDATICNS
Based upon the analysis, areas of the Heliport Design AC reguiring

revision, expansion, or increased emphasis were identified and, where
supporting d:ta was available, recommendations for change were made.

(6]




Order Mishap Summaries
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Review M.shap Summaries
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3.0 MISHAP DATABASE SEARCH
3.1 DATA COLLECTION

In order to assure a level of completeness and accuracy, it wns
deemed desirable to include a minimum of 100 helipert mishaps in the
in-depth analysis. At the start of this effort the number of helicopter
mishaps contained in the civil mishap database, as well as the quantity
and quality of data available, was unknown. It was therefore decided
that mishap reports from both ¢ivil and military scurces wouid be used.
Although the missions of the two groups differ significantly, their
respective operations on or about helipoerts are principally the same. In
fact, many military operations do occur at civilian facilities. jone of
the selected military mishaps included operations that were unique to
military missions near the landing site. For example, missions that may
have required nap-of-the-earth (NOE) flying near cthe landing facility
were not included.

To ensure that the full spectrum of mishaps that occurred at or near
a landing site would be considered for the study, mishaps over a 22 year
period from 1964 through 1986 were initially included. While the type,
quality, and completeness of both civil and military mishap reporis over
this broad range of years was uncertain, any narrowing of the source data
could ¢nly be considered after the available data set was known.

Data sources used in this study were limited to United States
povernment apencies. This was done for several reasons, the most basic
belng that the Heliport Design AC is written for U.S. helipc s and
alrports. In addition, the type, quality, availability and tineliness in
vecelving international mishap reports was highly uncertain. This
uncertainty was thought to be an inappropriate burden to the study.

s

2.1.1 ¢Civil Mishap Data Source

Mishap reports and statistics for civil mishaps in the United States
are recorded and maintained by the National Transportation Safety Board
(NTSE) 1in Wacshinpton, D.C. The NTSB was contacted, and a request was
made to obtain a copy of each factual report and mishap surmary for
helicopter wmishaps occurring from 1964 through 1986. The Heliport Design
AC provides puldelines for protected airspace out to 4,000 feet from the
cdge of the takeoff/landing area cf a heliport. It was therefore
desirable to review those mishaps which occurred both on and within 4,000
fect ot the heliport. The request to the NTSB stipulated that only
tiishaps that occurred on or within one mile of a heliport be included.
The criterion of "within 1 mile” was used as a selection device because
it 1s the nearest divisicn to the advisory circular's 4,000 feet that the
NTGB has used for mishap location in their reports. The study reviewed
mishaps that took place within 1 mile and selected for further review
only those that appeared to be related to heliilport design issues.

NTSE michap forms were revised several times throughout the period
considered. One ot the items significant to this study that has changed
several times on the mishap report form i1s the recording of the distance
from the landing site that the mishap occurred. Figure 2 shows how this
information hac been recorded and how this recorded information has
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changed over the years. The 1982 factual repcrt records locatlon ac
being within or ocutside 5 statute miles of the sirport, a drauctic chang:
to the 1/% mile accuracy previously required. In more recent year: ' he
factual report form has recorded the distance tc the nearest statute
mile. Also of note in this data field is that prior toc 1982 the term
"heliport™ was included on the mishap form.

Supplemental forms for use in mishap invescigations were made
available to NTSB investigators beginning in 1983. Thesc forms contain
additional information which is not included on the primary factual
report form. In particular, supplement G (appendix A) entitled
"Rotorcraft” contains information about the aircraft which is exclucive
for rotorcraft purposes. Supplement Q (appendix B) entitled
"Airport/Airstrip” contains information concerning the facility and any
obstacles (wires, trces, towers, etc...) surrounding the racility. 1ihis
supplement alsc ceontains information concerning the distance from the
facility that the aircraft came to rest after an off-facility forced
landing. Although these forms are available to investigators, oniy five
percent of the civil mishap reports used in the in-depth analysic
included supplement Q and only 25 percent included supplement G.

Since the desired data consisted of mishaps on or within 4,000 feet
of a heliport, all mishaps occurring within 1 statue mile of a heliport
were requested. In many instances subsequent analysis would show that
the exact location of a mishap could not be determined to a finer degrec
than a statute mile, even when the detailed mishap report was provided.

3.1.2 Military Mishap Data Sources

All tranches of the United States military were contacted, and mishap
data were requested from each. The U.S. Army ultimately provided
approximately half of the accident/incident reports which were used in
the in-depth analysis portion of the study. The U.S Navy did provide
access to mishap reports. However, the number of mishap summaries the
Navy provided was very limited and were ultimately determined not to be
appropriate to the study.

The U.S. Air Force and the U.J. Coast Guard stated that they had very
few helicopter mishaps in their database. They also stated that the
mishaps that they did have would not apply to our efforts. Therefore,
neither agency provided mishap data for the study.

It is important to note that the mishap request to the Army was made
under the Freedom of Information Act (FOIA). The Army was nost
cooperative and provided the releasable portion of each full mishap
report. However, investigative board findings and recommendations are
not releasable under FOIA and were not provided by the Arny. The extent
to which this tended to limit the information provided and to what degrec
this may have affeczted the mishap analysis is unknown.

3.2 MISHAP SUMMARIES

Mishap summaries for the years 1964 through 1986 were requested fros
the NTSB. However, it wacs soon learned that the NTSB does not retain
full mishap reports for a period of more than 10 years in the case of
general aviation mishaps and for a period of 1% years for air cavrier




mishaps. Air carrier mishap reports which are older than fifteen years
are archived in the Library of Congress; general aviation mishap reports
are not. Since there are very few helicopter air carrier mishaps, conly
full mishap reports dating back to 1978 were used. Also, prior to
September 1988, mishaps involving public use aircraft were not required
to be reported to the NTSB. These reporting requirements changed in 1988
as a result 49 CFR Part 830 (reference 9). The above factors narrowed
the focus of the study, at least on the civil side.

The NTSB provided 1,428 mishap summaries for the years 19782 through
1986, samples of which are provided in figure 3. This included 26 mishap
summaries from 1978 through 1981 and 1,402 summaries for 1982 through
1986. The large disparity for the two groups arose because the 1978
thrcugh 1981 group included mishaps which occurred only at heliports,
while the 1982 through 1986 group included all helicopter mishaps,
irrespective of landing facility or phase of flight.

The intent of the study had been to review only accident data.
However, the reports that were used for the final in-depth analysic
differed in that while the civil data included only accidents, the
military data included both accidents and incidents. An accident, in
civil terms, is defined in part as an occurrence incidental to flight
that results in substantial damage to an aircraft or serious injury to a
person. The military differentiation between accidents and incidents and
their system of mishap classification is explained in sertion 3.2.2.
Because accidents as well as incidents were used in the analysis this
report will refer to them both as a mishap.

The U.S. Army provided approximately 3,000 mishap summaries for the
years 1972 through 1986. A sample of Army mishap summaries is provided
in figure 4.

3.2.1 NTSB Mishap Summaries

The NTSB provided mishap summary data in three separate groups
depending upon the year the accident occurred. This was done because the
accident investigator's report forms had changed three times during the
years of interest to the study and the data was catalogued differently
during these periods.

The three separate groupcs included the years:
0 1964 through 1981,

o 1982, and

o 1983 through 1986.

The data available in each group of accidents varied and will be
discussed below.

3.2.1.1 1964 Through 1981

The NTSB provided a copy of the investigator's "Aircraft Accident
Analysis Sheet" for each helicopter mishap from 1964 through 1981, a
sample of which is provided in appendix C. This information was provided
by NTSB on magnetic tape and had to be accessed and analyzed via
computer. It is important to note again that because full mishap reports

10




The aircraft had just discharged two passengers on the rooftop
helipad and was preparing for departure. The aircraft was picked up
to a hover and the tailrotor struck a heliport surface perimeter
light. The tailrotor separated from the aircraft and the airecraft
rotated to the right. Throttles were reduced to stop the rotation
and the aircraft settled back down to the helipad. The aircraft
bounced side to side and rolled off the helipad and came to rest on
its left side. The pilot exited and extinguished a small fire that
had started near the engine exhaust.

While hovering from the wash rack, the helicopter backed into a
utility pole. The main rotor system separated from the airfrane
following the collision. There were no postimpact mechanical
malfunctions/failures.

During ground refueling of the aircraft the fuel tank was over-filled
and the fuel spilled over onto the ramp. The fuel was ignited and
the aircraft was destroyed by fire.

The pilot was on a mission tc transport company personnel and had
landed on a barge that was being used as a helipad. The barge was
about 250 feet long and 75 feet wide. After arriving, the pilot
parked the helicopter with the tail boom as close to the edge of the
barge as possible. He then reduced the power to idle and signaled
for the three passengers (waiting behind a rope line) to approach the
helicopter in accordance with established preocedures. As the
passengers approached the right side of the helicopter, they moved
cut of the pilot's line of sight. While two were boarding, the third
passenger walked to the rear of the aircraft, ducked under the
horizontal stabilizer and walked into the tail rotor. The victim was
taken to a hospital, but succumbed later due to head and shoulder
injuries. A training program had been instituted to educate the
passengers concerning hazards associated with rotating components of
the rotur system and off-limit areas. The passenger had been briefed
on three occasions and had been a passenger nearly every day for six
weeks.

Aircraft was parked with 3 feet clearance between main rotor and
corner of hangar. Pilot stated that on liftoff a gust of wind blew
aircraft toward hangar. Main rotor blades made contact. Ground
crewman injured by flying debris.

The helicopter collided with a pole and landed hard during air taxi
to position the aircraft. The pilot had just off loaded passengers
and was alone in the helicopter. A witness said the pilot hovered
too close to the pole and both rotor blades made contact. The pole
that was struck was severed about 12 feet AGL.

FIGURE 3 NTSB MISHAP SUMMARIES




Rotor wash from departing acft caused main rotor of parked acft to
flex down and hit tail rotor drive shaft cover. Parked acft main
rotor blade was secured by aft blade only. Excessive rotor wash was
caused by close proximity of parked aircraft. This was due to
unsuitability of available parking at AHP. Crews and maintenance
personnel were directed tc insure that two M/R tie-downs (one fwd and
one aft) be used on all acft allowing adequate separation between the
main rotor and tail boom.

A/C was taxing behind a parked acft when the left hand side of the
rotor system struck a tail rotor blade on the parked acft.

Following refuel at civ airport, aircraft was picked up to hover and
moved right to clear POL pit area. After moving approx. 30 feet,
loud bang heard and aircraft made immediate roll to right impacting
right skid on ground. 1Inspection revealed refuel grounding wire
still attached to right skid. Aircraft evacuated to home station by
recovery team for technical inspection!

A/C terminated a normal approach to a lighted helipad. While
performing a PMD insp on parked acft, the CE left the pilot's door
unlatched. The rotor wake (wind) from landing acft opened door
hinges to damage the doorpost mount and shatter the right chin
bubble. Parking area was less than 120 feet from helipad. Parking
was relocated. GM failed to follow unit SOP while completing duties
during PMD.

Aviator was hovering aircraft to parking position when tip of rotor
blade struck an angle iron protruding approximately seven feet out
from hangar building.

Acft was being four wheel taxied off the runway for parking. While
taxing the aft rotor blades hit a wooden lighting pole located on the
perimeter of the parking area.

Pilots were attempting to aft wheel taxi the aircraft backward in an
effort to avoid possibly damaging the tlight controls of a small jet
which was located directly ahead of the aircraft. The aircraft
became airborne while attempting to taxi backward and moved
approximately 19 feet to the left resulting in the aft rotary wing
blades striking a large metal sign pole. The aircraft was landed and
engines secured.!!

Aircraft was damaged during day landing to a sloped, unprepared
refueling area at a civil airport. Front of the skids touched down
initially with nose pointed into the slope, aircraft rocked back,
became airborne and moved forward 30 feet and landed hard with the
left aft skid resting on a concrete marker which protruded
approximately one inch above the ground.

FIGURE 4 U.S. ARMY MISHAP SUMMARIES




for mishaps pricr tc 1978 were not available, summparles :cr m..haps pricr
to 1978 were not considered. Mishap summariec for mishaps coocutring
between 1978 and 1981 were nct available on the magnetic tape prcvided by
the NTSB, which necessitated a separate request for printed summariez for
that period. The NTSB provided a small number of mishap summaries for
the period of concern. This number included only those mizhaps which
were determined to have occurred at heliports. Since whether or not a
mishap occurred at a heliport could not always be determined from the
investigator's report form or the mishap summary, it is net certain that
all of the helijort mishaps that occurred during this time pericd were
included in th¢ mishap summaries provided by NTSB.

3.2.1.2 1982

The preliminary data obtained for the year 1982 were provided on
magnetic tape in three separate computer files. The files contained the
following data for each accident:

o}

factual report,
mishap summary. and
o cause and factors listing.

o]

A sample of the investigator's report form is presented in
appendix D. This was basically "fill in the blanks" type information.
Information provided in the report form includes date, time, and location
of the mishap, as well as items concerning the aircraft, pilot,
passengers, and selected information relevant to the mishap.

The mishap summary file is a narrative file that contains a brief
summary of each mishap. These summaries were similar to those presented
in figure 3. The 1982 mishaps for which full mishap reports were ordered
were selected primarily based upon these summaries.

The cause and factors file contained data concerning the principal
and contributing cause and factors for each mishap. This file was
relative to the design issues under study.

As previously mentioned, all three files for each mishap were
provided on magnetic tape. These files were downloaded onto S5 1/4"
floppy disks for use on personal computers. Computer programs were then
written to retrieve the desired information.

3.2.1.3 1983 Through 1986

Data provided by the NTSB for these years were again presented in
three separate files on magnetic tape. These data were very similar to
that provided for 1982; however, the investigator's report form used from
1983 through 1986 differed from that used in 1982 (see appendix E). As
in the case of the 1982 data set, full mishap reports were ordered based
primarily upon the mishap summary files.

3.2.2 Military Mishap Summaries

A written request for U.S. Army mishap information was made to the
U.S. Army Safety Center at Fort Rucker, Alabama. Fort Rucker is the
primary repository for Army aviation mishap reports and statistics.
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Mishap summaries and supporting information for all helicopter mishaps
occurring within 1 mile of a heliport were requested. The Safety Center
provided Class A through Class D mishap summaries for 1972 through 1986.

The U.S. Army categorizes aviation mishaps in five different classes:
A through E. Mishaps are categorized according to the total dollar
amount of damage and/or the severity of injuries. 1In the past the Army
has updated the criteria for each class several times. Therefore, the
dividing line between mishap class has periodically changed throughout
its use. Current criteria (since October 1, 1988) for categorizing Army
mishaps for Classes A through E are given below.

Class A: - total value greater than or equal to $1,000,000, or
- aircraft missing, destroyed, abandoned,
uneconomically repairable, or
- at least one fatality, or
- a permanent totally disabling injury.

Class B: - total value greater than or equal to $200,000 but less
than $1,000,000, or
- a permanent partially disabling injury, or
- hospitalization of five or more personnel in a single
occurrence.

Class C: - total value greater than or equal to $10,000, but less
than $200,000, or
- a loss of at least one workday.

Class D: - total value greater than or equal to $2,000, but less
than $10,000, or
- loss of workday case involving one or more days of
restricted work activity, or
- a non-fatal case without a lost workday or medical
treatment.

Class E: - total value less than $2,000.

The Army categorizes Class A, Class B, and some Class C mishaps as
accidents; some Class C, all Class D, and all Class E mishaps are
classified as incidents.

3.3 MISHAP SELECTION

In order to select the mishaps that would ultimately be used in the
study, the written civil and military summaries of each mishap were
reviewed and, based on these reviews, full mishap reports were ordered
for in-depth analysis. The brevity of the information contained in the
summaries makes mishap selection difficult and could result in ordering
mishaps that were not appropriate or, conversely, failing to order
mishaps which may be appropriate to the study. For this reason, it was
decided that more than 100 full mishap reports would be ordered with the
expectation of rejecting a number of these once they were reviewed. The
principal criteria used when selecting mishaps was as follows:

o mishaps occurring on or within 1 mile of a heliport (not to
include offshore o1l platforms),

14




o) mishaps that may have been associated with the wvisual tliph*
rules (VFR) approach/departure protected aivspace corrider,

o} mishaps that may have been associated with the clear zone:o
immediately adjacent tc the heliport,

o mishaps not otherwise identified but occurring on a landing
facility, and

o rotorwash mishaps.

Although the summaries did provide a brief account of each mishap, in
many instances the summaries did not provide sufficient infcrmation for
determining applicability to the study. 1In particular, it was difficult
to ascertain whether the mishap occurred within a mile of a heliport, or,
whether the particular facility in use was in fact a heliport, airport,
or "other” type of facility. 1In some instances, additionai information
contained in the supporting NTSB investigator's report form providod
answers. Information provided by the military, however, did not have

accompanying data which required mishap selection to be based upon the
summaries alone.

Mishap summaries did not always adequately describe the cause of the
mishap. For example, in one of the mishap summaries the cause was listed
as an undetermined power loss on takeoff. However, when the full mishap
report was received it clearly indicatc3d that the actual cause of the
mishap was engine failure resulting from a faulty component that was
supposed Lo have been replaced prior to the flight.

To ensure that at least 100 usable reports would be available for the
in-depth analysis, a total of 167 full mishap reports were ordered from
the NTSB and the U.S. Army. Review and analysis of these mishap reports
are addressed in section 4.0.
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4.0 IN-DEPTH ANALYSIC

The in-depth analysis consisted of analyzine civil ang il cary ol
mishap reports. Of primary iaportance in anaiyzing thes. Uorort. v
understanding facility design factors which contributed Lo each
individual mishap. Therefore, to a great extent the resul:c,
conclusions, and subsequent recommendations fcoo this study hirnged upon
the quantity and quality cf information contained in the fuill mishap
reports. The information contalined in these reports depends upon seveial
factors. For instance, the type of operation in which the aircraft was
involived at the time of the mishap may determine the extent of the mishup

investigation and thereby the completeness of the final michap report.
Alr carrier mishaps are typically the most intensely investigated
civilian mishaps. Consequently, air carrier mishap reports are usually
the most comprehensive, containing more detaills and infcormation than
non-air carrier reports. Additional factors which may affect the anount
of information in a mishap report include the skill and experience of the
on-site investigator/team, the severity of the mishap in ternz of injury
and property damage, and the availability of survivors and/or wiinesses.

4.1 NUMBER OF MISHAPS

The number of mishaps that were considered in this study and the
selection process is depicted in figure 5. The NTSB provided 1,428
accident summaries and the U.S. Army provided 3,000 mishap surmaries tor
review. These summaries included mishaps which occurred during all
phases of flight. Consequently, a majority of these mishaps were not
appropriate to the study. The full mishap reports were ordered based
upon a review of mishap summaries. 167 full mishap reports were ordered
based upon this review, 84 from the NTSB and 83 from the Army.

Once received, the full mishap reports were reviewed. A number of
these mishaps were found not suitable for this effort. The final number
of mishaps used for the study was 117, 17 more than the original target
of 100. This included 63 civil and 54 military mishaps. HNone of the
military mishaps that were included resulted from a unique military
mission or requirement.

4.2 FACILITY TYPE

The focus of this study was to be heliport mishaps. However, 1in
reviewing the mishap summaries it was not clear in many instances at what
type of facllity the mishap occurred. When the full mishap reports werc
analyzed, it was realized that many of the mishaps, while appropriate to
the study, had occurred at facilities other than a2 designated heliport.
Figure 5 identifies the number of rishaps which occurred by type of
facility. Of the mishaps retained for the study, 45 occurred near

heliports, 41 near airports, and 31 near "other” locations. These
"other™ locations included undesignated, unimproved, remote, and any
other location not designated as a heliport or airport. Even though a

particular mishap may not have occurred specifically at a heliport, it
was nevertheless considered important for the information it provided
regarding the types of mishaps that were occurring at landing sites,
These mishaps provide insight into various aspects of facility design
including information regarding the size of adequate operating alr and
ground space, type and locatlon of obstructions, the need for protected
airspace in approach/departure corridors, and other informaticrn pertinernt
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to heliport design. In marny instances (70 percrunt, the g ozed o
the in-depth analysis occurred at landing sitos chat enpioded

stringent design standards than these provided in the Hellipaoo ooien
AC. This finding suggests that a nusber of these oishep . tay b Liave
occurred had the Heliport Design AC design standavrds beer cuatiofiod

these locations.

4.3 DESIRED DETAILS

Although all aspects of heliport design were considered, iusucs
associated with dimensions specifically addressed in the livlipert Design
AC were of primary importance. Specific areas in which drtaiicd
information was desired are addressed below.

The size of parking spaces, taxiways, and refucling avea. wers
considered highly important and deserving of particular a*ten: .o, Che
of the single most important aspects of this study was hoelipoi. protected
airspace. This not only included the protected airspace surr.unding the
heliport, but also within the VFR approach and departure cerr.lor: The.
Heliport Design AC provides guidelines as to the recommended .uriaces for

heliport VFR protected airspace. These surfaces are depicted in

figure 6. The protected airspace begins at the ec~e of the take-tt ard
landing area at the width of the primary surface. .t rises at . slope of
8:1 and widens to 500 feet at a distance of 4,000 feet. The <ransiticna.
surfaces begin at the sides of the heliport and have a 2:1 siopi .

The length, width, and slcpe of the protected airspace ave critica.

for several reasons. Principally, they provide obstruction prutectioc
not only for the aircraft, but conversely for the structures ;. and near
the heliport. This requirement limits the height of building: and
objects on and near the heliport which may have a direct inpa:: o the
surrounding community. It was therefore highly deszirable in th analysic

to determine exactly where mishaps occurred with respect t: the Lelipors
and in relation to the protected airspace.

In a soon to be published report entitled "Helicopter Phyzical and
Performance Data,”™ DOT/FAA/RD-90/3, (reference 4}, computer penwrated
departure profiles suggest that current Heliport Design AC protected
airspace dimensions may not be adequate for some public heliport
operations. Under this study, an analysis of the physical and
performance characteristics of several aircraft over a range of operating
conditions was conducted to determine approach and departure profiles.
Table 1 lists several of the factors considered in the study

TABLE 1
AIRCRAFT AND OPERATIONAL FACTORS

ATRCRAFT OPERATING CONDITIONS
Aircraft Dimensions Field Elevation
Weight Temperature

Takeoff Power
Helicopter Departure Procedure
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Z. ALTHOUGH THE TIGURE ILLUSTRATES
A STRAIGHT-IN APPROACH, THE
APPROACH MAY INCLUDE CURVES TC
THE LZFT OR RIGHT TC AVOID
OBJECTS OR NOISE SENSITIVE AREAS.
. THE PRIMARY SURFACE IS PHYSICALLY
IDENTICAL TC THE TAKECFT AND
LANDING AREA.

FIGURE 6 VFR HELIPORT PROTECTED AIRSPACE SURFACES
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Using the infermation in table 1, manufacturer pulbliched data, and a
computer simulation model, approach and departure profiles for scveral
helicopter models were generated. These profiles illusirsted that under
some conditions, the 8:1 slope describted in the Heliport Desigr AC may be
inadequate. This is especially true for "high,” "hot,” and "heavy"”
operations, 1n which aircraft typically have poorer performance.

It was hoped that critical information such as exact location of a
mishap with respect tco the heliport, especially for mishaps that cccucred
off the facility, could be obtained from the mishap reports. 1n
instances of wire strikes, the height and distance at which the airceraft
struck the wire. in relation to the heliport, was critical tc determining
whether or not the aircraft was operating within the reconmended
protected wirspece. Also, forced landings on takeof! mishaps were of
great interest, since in some instances they moy result in the helicopter
dropping below the 8:1 slope. These mishaps included mechanical or
material failures, cther emergencies, and se*tling due to insusiient
power for the operating conditions.

4.4 MISHAP SUMMARY FORM

A mishap summary form (figure 7) was developed to assis!t in the
analysis. This was done in crder to collate and standardize as tuch data
contained in the reports as possible. This standardization assisted in
the overal’ analysis, descripti.e results, and conclusions of the study.
While many of the items included on the wmlshap summary forms were gencral
details for each mishap, they were deemel impertant from » trend
perspective in the in-depth analysis. Specific items such ac tine of
vear, time of day, location, amount of daylight, prevalling weuather,
etc., when considernd for the entire data set, could indicate certain
patterns which were not otherwise apparent when considering eaci wishay
separately. Therefore, the in-depth analysis nct only focused uren
specific design issues, but also included a total overview approach to
ensure detection of trends that may not be discernable when cconsidering
each mishap separately Three cpecific categories that were included con
the mishap summary form, and vpon which the results of this task are
based were:

o facility mishap location,
0 «ishap type, and

o heliport desipgn 1ssues.

4.4.1 Facility Mishap Locatien

during preliminary stages of the study and later while reviewing
mishep summaries, it became apparent that some method of grouping the
mishaps was h.ighly desirable. 1t was decided =hat the location where the
mishap occurred would serve as a good high level category for groupiag
the mistaps. Table 2 contains the various categories in whicl, the
mishaps were arranged according tc locatiorn.

TABLE 7
FACILITY MISHAD LOCATIOH

TAXIWAY APPROACH AIRSPATE
PARKING AREA APPROACH GROUNDIPACE
REFUELING AREA LEPARTUEY ATRSPACH

FINAL APPROACH ANL TAKECFE AREAR CEPARTURE CROUBLCPAJE




"MISHAP LCCATICON

° ZCCURRENCE INFORMATION LOCATICN LOCATION TYPE
NO DATE DAY TIME cIry STATE ZLEVATION HELIPORT AIRPORT OTHER
iH: (A goN
MISHAE TVveE Root Cause (Retfated Cause:
~=Pilot (DM=Decision Making:
A=Arrcraft (M=Mechanica:
c=Environment (W=Wina:
C=0peration :P=Proceaures
~ELL SLIGHT DOPERATICN OPERATING =ELIPCRT DESIGN ISSUES
TvREZ PHASE TYPE CCNDITIONS

WEATHES NFORMATICN

CGHT CLCLES CEILING S3BILTY . WIND O WINDGUSTS
JONDITICNS LOWEST LOWEST 30N SPEED
FT AGL ST AGL S '1AG KTS KT8
SREF CESCRPTION
FIGURT 7 MISHAP SUMMARY FORM
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4.4.2 Mishap Type

The mishap type represents what occurred during each mishap. Those
mishaps selected for analysis fell into the following categories:

obstruction strikes (on-facility) collision with other aircraft
obstruction strikes (off-facility) insufficient climb angle
power loss on takeoff power loss on approach
rotorwash stuck skids

wind indication refueling

4.4.3 Heliport Design Issues

One purpose of this study was to understand the manner in which
heliport design may contribute to helicopter mishaps. Each mishap
considered in the in-depth analysis was selected based upon itc
relationship to a heliport design factor. Heliport design issue:
identified during the analysis are included in the results secticn of the
report and suggest the basis for the conclusions and recormendations
presented.

4.5 NTSB MISHAF REPORTS

The NTSB mishap reports varied in both length and content depending
upon factors previously mentioned. Even though specific dimensional
details, such as the exact location of an obstruction with respect to the
takeoff/landing area were usually not available, the reports did help to
identify design factors which contributed to facility mishaps. The
reports provided an adequate description of the causes and factors of
each mishap, thereby providing insights as to the manner in whic
heliport design might be a contributor to facility mishaps.

i<

4.6 U.S. ARMY MISHAP REPORTS

The Army mishap reports also varied in both length and content for
many of the same reasons as the NTSE reports. The mishap revorts for
Class A, Class B, and some Class C mishaps varied in lenpgth fror 24% to
over 100 pages and contained substantial amounts of information. The
remaining Class C and all Class D reports were typically brief (1 to 10
pages) and did not contain the extensive details of the Class A and B
reports.

Table 3 provides a summary of the Army mishaps used for the in- depth
analysis by class. 1t is interesting to note that the nmajority of

facility mishaps occurred in a class (Class D) that reprecents velatively
small monetary losses. However, these nishaps are important in
understanding potential facility desipn related shortfalic.  Thio
observation highlights the need for adequate documentation of bhoth
accidents and incidents in order to support cafety studies.  Alrboupl arn
individual mishap may nobt appear to be related to heliport desigprn,
seemingly minor contributing factors may prove to be cipnitioans when

considered collectively with other mishap:.




TABLE 3
PERCENT U.S. ARMY MISHAPS BY CLASS

CL

-

SS PERCENT
11
8
24
57
0

mooawe

In addition to a mishap report, more severe Army mishaps have an
additional report associated with them called a collateral report.
Collateral reports are written for legal purposes and may contain
additional information not available in the mishap reports. A request
was made to the U.S. Army Aviation Systems Command in St. Louis, Missouri
to provide collateral reports for selected mishaps used in this study, in
hopes of obtaining additional information for those mishaps in which the
full mishap report provided few details. However, since collateral
reports are used for legal purposes and may contain sensitive material
they were not provided by the Army.

As with the NTSB in-depth analysis, the Army analysis was limited due
to a lack of information and/or pertinent details in a number of the
mishap reports. Therefore, specific design standards and guidelines in
the Heliport Design AC such as the dimensions of parking areas, the
height, relative distance and the exact placement of required objects on
the heliport could not be determined.
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5.0 RESULTS

Analysis of the available data from the NTSB and U.S. Army mishap
reports highlighted possible heliport design issues which may need to be
addressed, expanded, or emphasized in the Heliport Design Advisory
Circular. In addition to heliport design issues, the in--depth analysis
brought forth several operational issues that. contributed in a
significant way to several of the mishaps in this study. Since these
operational issues contributed to heliport mishaps they will be discussed
further in section 5.3. Conclusions and recommendations are presented in
section 6.0

5.1 GENERAL FACTORS

Each mishap report contained general information such as date, tire,
geographic location, elevation, operating conditizcn. (i.e. visual or
instrument conditions), and mission type, along with information specific
to the mishap. This general informatiz., was analyzed to deterrine if any
of these factors pointed to a trend in a significant number of mishapc.
After review, it was determined that the time of year, time cf day,
geographic location, ficid elevation, operating conditionz, and wmission
type appeared to bave had little influence on the group as a whole. 1In
general, the .ishaps occurred to a variety of helicopter operators
throughoul the year, randecmly throughout the day, over a range of density
altitudes, and across the entire united States. While some cf the
general factors may have influenced individual mishaps or even several
mishaps, no one factor played a major role in the mishaps. Individual
mishap analysis yielded the findings as described in the following
paragraphs.

5.1.1 Mishap Locations

It was particularly important to understand where, with respect to
the facility, mishaps occurred. That is, did the mishap occur in the
parking area, the refueling area, on approach or departure, or at some
other location on the facility. The location of the mishaps with respect
to the facility are presented in figure 8. It is interesting to note
that the largest percentage of mishaps occurred in the departure area.
This included both departure airspace (e.g. wire strikes) and departure
groundspace (e.g. power loss on takeoff) mishapz. The second nost
frequent location fcr mishaps was in the parking area. As will be shown
later, a large portion of these mishaps occurred at airports. Also of
note 1n figure 8 is that the majority of mishaps that cccurred in the
approach or departure area occurred off the facility.

As indicated in figure 8, helicopter mishaps may occur anywhere on
the facility. Although some locations appear to have a significantly
larger portion of the mishaps, no location at a facility appear:z immune.

5.1.2 Mishap Types

To understand potential design issues, it 1s necessary to recognize
the types of mishaps that are occurring at various facilities. Because
of the large number of mishaps used in this analysis, most of the types
of mishaps that may occur at heliports are included. 1t is interesting
to note that several of these types of mishaps occur significantly more
often than others. This proclivity is the result of several factors,
some of which may or may not be related to heliport design.
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A list of the different types of mishaps identified in the study, the
facility near which they occurred, and the number of times each occurred
is presented in table 4. It is immediately apparent that a wide variety
of mishaps occur near heliports. A significant number of the types of
mishaps presented in table 4 also occurred near airports. Mishaps near
locations other than heliports and airports fell into a narrow range of
mishap types. This is likely true because many of the types of
obstructions located near heliports or airports typically are not found
near sites contained in the "other™ category, such as hangers, drainage
grates, perimeter lights, etc.

ror ease 0{ uideirstanling potentliai landing site proviems, Lue iraUpe
number of mishap types identified in table 4 were condensed into an
abbreviated set of mishap types. The list of abbreviated mishap types,
which includes all landing sites, is presented in figure 9 along with the
percentage of occurrence of each type. Figures 10, 11, and 12 break out
the percentages of types of mishaps near heliports, airports, and "other”
facilities, respectively.

As shown in figure 9, obstruction strikes represented the bulk of
mishaps. 1In fact, 60 percent of the mishaps were obstruction strikes, 38
percent occurring on the landing site and 22 percent near (within 1 mile)
the landing site.

Table S presents the number of mishaps by landing site and type of
operation. The majority of civil mishaps occurred while operating under
Part 91. However 20 percent of the civil mishaps chosen for the study
did occur while operating under Part 135. It is interesting to ncte that
none of the Part 135 mishaps occurred at an airport. Table 5 is
presented to show only a breakdown of those mishaps used in the study and
is not meant to represent relative safety based upon type of operation.

TABLE 5
MISHAP BY TYPE OF OPERATIOMN

Heliport Airport Other
Public Private
Part 91 3 22 16 8
Part 135 1 9 0 4
Military 0 10 25 19

The following is a review of the types of mishaps which occurred near
various facilities and a brief description of each.

5.1.2.1 Obstruction Strikes (on-facility)

There were numerouc obstruction strike mishaps found in the mishap
database. When analyzing the various obstructions that were struck, it
appears that almost every object near the operational area is a potential
threat to the helicopter. Many of these obstruction strikes occurred at
landing sites that do not meet the advisory circular guidelines.




TABLE 4
MISHAP TYPE

DESCRIPTION HELIPORT ATRPORT OTHER

Hit Trees on Approach 1
Rotorwash Damage on Approach 1
Rotorwash Affected Departing A/C

Rotorwash Damage to Parked A/C 1
Rotorwash Damage on Departure 1 2
Tire Struck Taxiway Light

WSPS Struck Taxiway At Surtface Dip

Power Loss on Takeoff 4
Inadequate Wind Indication

A/C Struck Fuel Vent Pipe

Refueling Fire

Hit Wires on Takeoff

Tail Wheel Struck Perimeter Light

Wind Sock Separated and Struck A/C

Refueling Location Forced Operation in Tailwind
Hit Trees on Departure 3
Struck Wires in FATO Area
Hit Wires on Approach 5
Engine Fire

Insufficient Climb Angle on Takeoff
Power Loss on Approach

A/C Struck Safety Railing

Skid Struck Dolly

Skid_Struck Perimeter Light

Skid Hit Object in Grass

Skid Struck Grounding Eye

Skid Stuck in Drainage Grate

Skid Caught on Lip of Pad 1
Skid Stuck in Asphalt

Skid Stuck in Sand

Skid Struck Protruding Bolts 1
M/R Struck Hangar 1
M/R Struck Trees Along Taxiway
M/R Struck Telephone Pole

M/R Struck Utility Pole

M/R sStruck rarked Aircraft

M/R Struck Sign Pole

M/R Struck Light Pole

M/R Struck Wind Sock

M/R Struck Porch

T/R Struck Fuel Pump

T/R _Struck Perimeter Light

T/R Struck Passenger

T/R Struck Fence

Other

Wl =
-

[SRINY IR ey IS
—

11

o o

.

O N W

T el [

—

faury
N NOWDL o=

N o

-

ey [y

Total 4 41 31
A/C = Aircraft

WSPS : Wire Strike Protection System

FATO = Final Approach and Takeoff Area

M/R = Main Rotor

T/R - Tail Rotor
Note: Horizontal lines in table are included as an aid in aligning rows.
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However, there are lessons to be learned by looking at these mishaps.
The items that were struck at landing sites include the following:

taxiway light telephone pole

perimeter light sign pole

wind sock utility pole

hangar light pole

vent pipe (fuel pump) taxiway (dip in taxiway)
trees (near taxiway) helipad lip (raised helipad)
grounding eye guy wire

safety railing (rooftop) drainage grate

fuel pump parking dolly

personnel protruding bolt (rooftop)

safety fence

From the above list, several observations can be made. The need for
relatively flat/clean operating surfaces is confirmed by the mishap
database which shows that helicopter skids caught on a variety of
objects, such as a protruding bolt, the helipad lip, grounding eyz, and a
drainage grate. A dip in the taxiway caused a wire strike protection
system (WSPS) to strike the ground during a wheeled taxi. 1In addition,
loose dirt and snow were responsible for brownout and whiteout conditions
which resulted in obstruction strike mishaps.

Large objects which were struck such as hangars, light poles, sign
poles, etc. highlight the difficulty in judging clearances from objects.
Several of the mishaps occurred despite using a ground marshal to assist
in the movement of the aircraft. These mishaps are a clear indication
that judging obstruction clearances may be a difficult task. The large
number of obstruction mishaps also implies that operational areas are too
small at some heliports.

Another interesting observation is that objects designed specifically
for safety purposes are not themselves immune from mishaps. Objects such
as safety fences, railings, grounding eyes, and wind socks were involved
in several helicopter mishaps. Finally, personnel strikes refer to
passengers walking into turning tail rotors. Unfortunately, some of
these accidents occurred even when passengers had teen thoroughly briefed
on safety procedures.

5.1.2.2 Obstruction Strikes (off-facility)

Obstruction strikes that occur near landing sites indicate the need
for adequate clear space in which to operate helicopters. The kinds of
obstructions that were struck near landing sites include the following:

telephone wires,
guy wires,

power lines,
noise berms, and
trees.

While there were a number of obstruction strikes near landing sites,

the number of different types of objects that were struck was limited
when compared to on-facility strikes. The mishaps occurring near landing
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sites occurred during both approach and departure. As noted earlier, the
off-facility mishaps were important from a protected airspace design
aspect. Unfortunately, the majority of these mishap reports dicd not
contain detailed information as to where the obstructions were with
respect to the landing site. However, in .as:s of wire strikes, the
pilot did not see the wire in sufficient time to prevent the wire strike.

5.1.2.3 Fourced Landings on Takeoff

This group of mishaps i.volved the need tc immediately land the
aircraft during the takeoff or initial climbout. They occurred for
several reasons including, mechanical or material failure, other
emergencies, and insufficient power for the operating conditions. These
mishaps highlight the benefits of providing as much operating space as
possible and/or practical. '

5.1.2.4 Rotorwash Damage

Rotorwash damage occurred primarily during approact and departurc.
These mishaps usually involved damage to parked vehicles under or near
the operating area. 1In one extreme case, rotorwash caused a woman tu -
fall and break her leg. 1In another instance, the rotorwash from a
hovering helicopter, holding at an intersection, destroyed the ground
effect of a helicopter attempting to take off. Rotorwash also caused -
damage to parked aircraft. All of the rotorwash mishaps used in this
study were associated with military operations. However, they occurred
at both civil and military facilities.

5.1.2.5 Wind Indication

Several mishaps occurred due to the influence of the wind on
rotorcraft operations. Most of these mishaps involved operations 1in
unexpected wind conditions. It appears in these mishaps that the pilct
may have been unaware, or, may have been misled about the actual wind
conditions during the operation. One instance involved operating next to
a row of hangars. The hangars obstructed the wind nearby. Upon depart-
ing the area the helicopter encountered a strong tailwind and downdraft
resulting in the helicopter crash. Another instance irvolved a heli
copter operating next to a hospital. As the helicopter flew around the
building it encountered wind conditions which, according to the pilot,
caused the vertical speed indicator to register an increase 1in descent
rate of nearly 3,000 fect per minute. 1In both instances the altering of
the prevailing wind by the buildings appears to have contributed to the
mishaps. 1In these instances, wind information available to the pilot at
the facility did not adequately represent the actual operating condi
tions. Reference 6 addresses the subject of wind flow near structurecs.

In addition to availlability, placement of ‘he wind sock 15 alse
critical, not only to provide an accurate wind indication, but alsc ter
safety of operations. One helicepter struck a wind sock while operating
on the heliport, while in another case the wind sock was separated foro
its mounting by rotorwash and struck the main rotor.

5.1.2.6 Collision with Other Aircraft

There were several instances of o pround collisions between
aircraft. These collisions occurved in parking aveas and uscally
involved a parked aircraft being strueck by an aiveraft trying * o caneuvs v




in the parking area. Here again, as in the case of obstiuctlion _trikez,
judging clearances from turning rotor blades proved difficult. Two
separate mishaps occurred when both aircraft were parked. While one
aircraft was standing with rotors turning, an adjacent aircraft began
turning rotors with inadequate spacing between rotor systerc.

5.1.2.7 Insufficient Clinb Angle

These mishaps occurred on departure immediately after takeoff.
Insufficient climb angle mishaps occur for several reasons, such ac
failing to compensate for high density altitudes or encountering an
unexpected tailwind while operating at maximum performance limits. In
all cases, the aircraft was unable to sustain flight and impacted *he
ground. These mishaps indicate ‘he need to provide clear groundspace and
the need for the pilot to fully undcrstard the operating environment and
operating limitations of the aircraft.

5.1.2.8 Forced Landing During Final Approach

These mishaps involved a loss of power or any other reason requiring
subsequent forced landing during final approach. As in thc case of
forced landing on takeoff, they indicate the benefit of providing clear
groundspace underlying the approach corridor

5.1.2.9 Stuck Landing Gear

These mishaps occurred because the operating surface was inadequate
to support the weight of the aircraft. Examples include a helicopter
which attempted to lift off with a skid stuck in asphalt and another with
a skid stuck in soft sand. Both aircraft rolled over as they attempted
to iift off. The mishap involving the aircrart with the skid stuck in
asphalt highlights the importance of designing a surface capable of
supporting the aircraft under all operating conditions. For instance,
concrete may be preferrable to asphalt, particularly in areas which may
experience extremely warm temperatures. 1In these locations skids may
make indentations in asphalt surfaces which can present a hazard to
operations. Helicopters with wheeled landing gear are alsoc prone to this
type of problem.

5.1.2.10 Refueling Fire

Although there was only one refueling fire mishap used in the study,
it did point to the need for constant vigilance during refueling
operations. .n th.s particular mishap the helicopter was being refueled
after having been shut down. However, the cooling fan was left running.
During the refueling the helicopter was left unattended. The automatic
shutoff on the refueling nozzle failed, and a fuel spill occurred. The
fuel subsequently irnited and the heliconter was destroyed.

5.2 DESIGN ISSUES

This section addresses the design issues which may have contributed
to the mishaps considered in this study. The intent is to gain an under
standing of the manner in which current heliport desipn standc “ds may
contribute to mi~haps, to identify any needed changes, and to fornulate
recommendations in order to provide a safer cperating environment for
helicopters.




The design issues identified in this study and the percentage of
mishaps related to each are shown in figure 13. Theve were several
design 1ssues which were pertinent to the majority of the mishaps.
Following is a discussion of each design issue and examples of how it
applies to the mishap database.

5.2.1 Approach/Departure Obstruction Marking/Clearance (21.4 percent
of mishaps)

Wire strikes in both the approach and departure phases of flight
represent the majority of mishaps for this group. Unfortunately, due to
the lack of detail in the majority of these mishap reports, it was
impossible to determine the exact location of the wires with respect to
the landing site. 1In the two reports that did contain information as to
the location of the wires, the wires were located within the 8:1
protected airspace surface. This indicates that the approach/departure
airspace did not meet the advisory circular criteria for public heliports.

In all of these wire strike mishaps the wires were not marked with
obstruction markers and the pilots failed to see the wires in time to
avoid them. This subset of mishaps highlights the need for facility
operators to insure that obstructions, especially wires, which lie in the
approach/departure corridors are marked and identified. 1n most
instances State and Local authorities will assist operators in marking
obstructions.

In addition to wire strikes, there were several obstruction strikes
involving trees. These strikes occurred on departure. Here too, the
mishap reports lacked specific details as to the location of the trees
with respect to the final approach and takeoff area (FATO). However,
from the report descriptions it can be said that the pilot did know the
trees were present prior to beginning the takeoff procedure. These
mishaps point out the need for adequate clearance on departure. This
design issue 1is coupled with a related operational/human factors issue of
the pilot knowing and observing the performance capabilities/limits of
the aircraft under the prevailing environmental conditions.

5.2.2 Approach/Departure Groundspace (18.8 percent of mishaps)

The majority of mishaps in this category rcpresent power loss on
takeoff. They were all civilian mishaps and involved a reported
mechanical malfunctior on takecff. Here again, due to the lack of
details in the official reports, it was not possible to infer the amount
of groundspace that may be desirable. However, considering the number of
mishaps involving a power loss on takeoff, providing as much groundspace
as possible appears appropriate.

Another type of mishap included in this category were those 1nvolving
rotorwash damage to vehicles/items on the ground from arriving and
departing aircraft. It appears that the arrival and departure corridors
did not have sufficiently clear or compatible groundspace to prevent
these mishaps.

$.2.3 Parking Area Desipgn (17.9 percent of mishaps)

These mishaps primarily involved obstruction strikes in the packing
area. A variety ot objects including telephone/light/utility peles,
parked aircraft, hangars, perimeter lighto, and a drailnape grate, were
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struck in the parking area. In several instances, these mishaps occurred
while the pilot was being guided by ground personnel. This highlights
the difficulty in judging clearances between rctating blades and
obstructions. Several mishaps involved rotorwash damage from operating
too close to parked aircraft. All of these mishaps involved errors in
judging distance and may indicate a need for better ground markings to
help the pilcl judge where Lhe airc.aft may or may not be operated
safely. 1If adequate guidance is available to the pilot, many of these
types of mishaps may be avoided.

Two mishaps involved helicopters which were started while adjacent
helicopters were standing with rotors turning. When the second aircraft
was started, the blades intermeshed. These mishaps again were caused by
errors in judgment. However, had there been adequate ground markings
outlining the parking area, including the space required to safely turn
rotors, these mishaps may have been avoided.

5.2.4 FATO Design (14.5 percent of mishaps)

FATO mishaps generally involve striking objects suzh as wires, poles,
fences, etc., while operating in confined takeoff and landing areas.
Because of their unique maneuvering and lifting capabilities, there is a
tendency to operate helicopters in very confined areas. These situations
may lead to mishaps due to the excessively high demands placed on the
pilot and the difficulty in judging main rotor and tail rotor clearances
from obstructions. Another mishap placed in this category involved a
helicopter whose ground effect was destroyed on takeoff by another
hovering aircraft which was waiting to take off. 1In this case the second
aircraft was hovering too close to the takeoff/landing area.

Other FATO related design mishaps included hitting the lip of a
raised landing surface and landing on a pad that was too small for the
size of the aircraft. The first involved an aircraft which was
manuevering to land on a raised helipad. The helipad was elevated
approximately 1 foot above the ground. The helicopter skid caught on the
side of the raised helipad while manuevering. The latter mishap occurred
when the pilot tried to land the helicopter on a helipad that was
designed for smaller aircraft. When the collective was fully lowered
after landing the helicopter rolled forward approximately 2 inches and
struck a perimeter light.

5.2.5 Refueling Area Design (6.8 percent of mishaps)

Refueling area mishaps mainly involved obstruction strikes. Objects
which were struck included sign poles, light poles, fuel pumps, vent
pipes, and grounding eyes. Several of these mishaps were caused by the
fact that the design and/or operation of the refueling area forced the
helicopters to operate in a crosswind/tailwind situation to facilitate
refueling. Consideration of adverse wind needs to be incorporated into
the design of refueling areas. It appears that a significant factor in
many of these mishaps is that the refueling areas and procedures were
designed primarily to accommodate fixed-wing aircraft and did not take
into account any special considerations that might be required for
rotorcraft refueling. )
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5.2.6 Wind Indicator (6.0 percent of mishaps)

The most prominent type of mishap in this category involved a lack of
proper wind indication, which resulted from operating in an area where
the wind was obstructed or masked by nearby buildings or trees. When the
aircraft was clear of the obstruction, it encountered a prevailing wind
that was much different than *he wind rondition near the obstruction. 1In
a typical mishap scenario the pilot would find himself/herself operating
in a tail wind once the aircraft was clear of the object. The location
of the wind indicator did not accurately represent the operating
conditions the helicopter would encounter. Placement of the wind sock is
important for indicating operating wind conditions, but at the same time
the wind sock must not become an obstruction.

5.2.7 Surface Composition/Maintenance (4.3 percent of mishaps)

Surface composition and/or maintenance were factors in several
mishaps. Instances of brownout or whiteout are caused by either improper
care and maintenance of landing facilities, or, poorly selected surface
composition. Maintenance is a very important aspect of heliport
operations. In several instances rotorwash was responsible for blowing
rocks and other debris causing damage to buildings and vehicles. 1In
addition to causing property damage or injury to personnel, debris picked
up by rotorwash may cause damage to the helicopter itself. An object as
seemingly harmless as a small plastic bag can be catostrophic to a
turning tail rotor.

In two instances, stuck skids were responsible for aircraft rolling
over. These mishaps certainly highlight the need for landing surfaces
adequate to support the weight of the aircraft under all weather
conditions. Intense heat and direct sunlight may soften asphalt enough
to alliow skid or wheeled aircraft to become embedded. Concrete may be
preferable at these locations.

5.2.8 Taxiway Design (2.6 percent of mishaps)

The taxiway mishaps analyzed in the study occured at airports.
Airports are designed primarily for fixed-wing aircraft operations and do
not always consider the needs of rotorcraft. One mishap involved a wire
strike protection system on a wheeled aircraft striking the pavement at a
dip in the taxiway. While the dip did not represent a problem to
fixed-wing aircraft, it did represent a hazard to rotorcraft. Another
incident involved main rotor blades striking a tree while the helicopter
was taxiing on a designated taxiway. This incident may have been due, at
least in part, to pilot inattention. However, providing adequate
obstruction clearance is essential, especially for rotorcraft, where
judging rotor obstruction clearance can be difficult.

5.2.9 Lighting Structures (2.6 percent of mishaps)

Heliport perimeter lights were struck in several instances by both
tail rotors and skids. These mishaps certainly support the use of fluch
mounted lighting where possible and low impact resistance lights in areas
where snow may preclude the use of flush mounted lights.
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5.2.10 Fire Fighting Equipment (1.7 percent of mishaps)

There were two mishaps involving helicopter fires and the use of fire
fighting equipment. The first mishap occurred during a refueling
operation while the aircraft's engine was shut down and a cooling fan was
left running. A fuel spill occu~wred during refueling and was ignited.
The ensuing fire totally destroyed the helicopter. This mishap, although
only one in number, highlights the need for extreme caution during
refueling operations. Because of the volatility of fuel, extreme care is
essential during refueling. The second mishap involved a fire which
occurred following catastrophic engine failure. The immediate
availability of fire fightire equipment helped to minimize the extent of
damage to the helicopter in this mishap.

5.3 OPERATIONAL ISSUES

The intent of this study was to focus on heliport design issues.
However, in analyzing mishap reports, several operational issues were
noted. These issues are presented below for discussion purposes but they

will not be the subject of recommendations from this report.

5.3.1 Passenger Loading/Unloading

Passengers being struck by tail rotors during loading and unloading
continues to be a problem. Specific guidelines are provided in the
Heliport Design AC for loading and unloading passengers. However,
despite the attention given to this subject in the advisory circular, the
problem continues. 1In fact, there were 13 persons struck by tail rotors
between 1983 and 1986. The seriousness of the consequences of this type
of mishap suggests that a great deal more needs to be done in this area.
However, additional guidance should be developed from an operational
viewpoint and not in the form of additional design standards.

Helicopter manufacturers have made efforts to reduce the number of
mishaps involving tail rotor strikes to personnel. Through research and
development efforts one manufacturer has developed a paint scheme that
appears to make their rotating tail rotor more visible. The number of
tail rotor strikes involving these aircraft have been reduced by half
since introduction of the new paint scheme. While the new paint scheme
may not account for the entire reduction in personnel tail rotor strikes,
it does appear to have had a definite positive effect.

5.3.2 Ground Marshal Availability/Training

Several of the obstruction strikes occurred in parking areas while
being assisted by ground personnel. The types of obstructions that were
struck included poles and hangars. It is obvious from these mishaps that
the assistance of ground personnel in manuevering aircraft does not
preclude mishaps from occurring. Currently, there are no FAA guidelines
addressing the need for or proper use of ground marshals. However,
proper training of helicopter ground marshals may help prevent the
majority of obstruction strike mishaps which occur while using ground
marshals.
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Training material could cover a variety of aspects of ground
manuevering operations, such as the proper place to stand in order to
observe obstruction clearances and provide direction to the pilot, the
difficulty in judging rotor clearances under various conditions, and the
turning radii of various aircraft including tandem rotor aircraft. The
training, while not necessarily extensive, would instill in the ground
marshal a better appreciation for some of the difficulties and hazards of

confined area manuevering as well as techniques and knowledge for
clearance assistance.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations presented herein are based on the
review and in-depth analysis of mishaps which occurred on or near
landing facilities of various types. The conclusions identify heliport
design related factors which may contribute to the types of mishaps
analyzed in the study. The numbered recommendations summarize areas in
which changes to FAA Advisory Circular 150/5390-2, "Heliport Design," are
appropriate.

These conclusions and recommendations are offered for consideration
in the design of all heliports whether they be public-use or private, and
whether the helicopter takeoff and landing area is specifically intended
as a heliport, is located on an airport, or is used only occasionally for
helicopter operations. It is also recognized that not all conclusions
and recommendations apply to all heliport situations, and that the design
parameters to be considered at a specific location will depend upon a
number of factors, including the number of actual or anticipated
operations, type of operations, whether the facility is for public or
private use, services provided, environmental factors, etc.

It is important to state here what may appear to be the obvious.
That is, that good operational procedures would help tc alleviate a
number of landing site mishaps. Whether mishaps occur at heliports,
airports, or unimproved sites, safe operating procedures play an
extremely important role and are just as critical as the landing site
design.

6.1 ADVISORY CIRCULAR OVERVIEW

In general, the FAA Heliport Design Advisory Circular provides very
good guidance for the design of safe heliports. Many of the mishaps
analyzed in this study would likely not have occurred if the advisory
circular design parameters had been satisfied at the mishap facility.
(About 70 percent of the mishaps used for the indepth analysis occurred
at landing sites that did not meet the design standards provided in the
Heliport Design AC.) The study therefore concludes that the advisory
circular is basically a sound and valid instrument.

The mishap data suggests that additional emphasis should be added in
some areas of the Heliport Design AC to highlight specific aspects of
heliport design which may be significant to mishap prevention. The
numbered recommendations contained in the following paragraphs relate to
the subjects where expansion is recommended.

One finding of this study is that obstruction strikes are the leading
cause of helicopter mishaps at airports. The percentage of mishaps
involving obstruction strikes is nearly five times the percentage of the
next largest cause factor. Therefore, based upon this finding, the
following general statement is presented. Chapter 4 of the advisory
circular, "Helicopter Facilities at Airports,” should be significantly
expanded to include discussions of obstruction marking and obstruction
clearance.
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6.2 FACILITY DESIGN ISSUES

Facility design issucs were identified in 117 (2.6 percent) of the
4,428 mishaps reviewed in the study. Undoubtedly, facility design issues
were a factor in a number of other mishaps, but the mishap summaries
acquired from the NTSB and the U.S. Army were not sufficiently detailed
to identify the specific mishaps of interest.

It was hoped that the mishap reports would indicate the adequacy of
current advisory circular airspace and groundspace guidelines. However,
the lack of detail in the reports did nct allow for such a
determination. 1In fact, the level of detail in the mishap reports
indicates that in many cases there is insufficient data to draw
conclusions concerning specific issues. The analysis of mishaps is
extremely valuable and may indicate where improvement is needed.
However, for issues where precise guidelines are required, the mishar
reports did not provide adequate data; therefore, research and
development efforts are needed to provide specific guidance. This study
has shown that this is certainly true for the case of determining the
required amount of protected airspace needed at landing sites. The
mishap reports lack the detall needed to make this determination.

Operational issues were also identified in some of the 117
design-related mishaps. This finding reinforces the fact tha’ both good
design practices and good operating practices are necessary to avoid
mishaps at facilities.

6.2.1 Mishap Locations

The 117 selected helicopter mishaps used in the study occurred at
heliports, airports, and other operational areas in approximately equal
numbers (coincidentally, not as a result of any selection parameter).

Location Number Percent
Heliport (Public) 4 3
Heliport (Private) 41 35
Airport 41 35
Other Operational Areas _31 27
Total 117 100

Mishaps occurred in all locations on and around the helicopter
takeoff/landing site. The greatest percentage of mishaps occurred in
parking areas (28 percent), followed by depariure airspace (19 percent),
departure groundspace (15 percent), the FATO (14 percent), and approach
airspace (10 percent).

6.2.2 Heliport Design Issues

At heliports, the largest percentage of mishaps were obstruction
strikes on the heliport (36 percent;, followed by obstruction strikez off
the heliport (16 percent), power loss on takeoff (16 percent);, and
mishaps related to wind indicators (11 percent).
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Based on these findings the following recommendations are offered
regarding heliport design:

1.

Enhance landing site obstruction avoidance capabilities. -
Rotor strikes continue to occur including strikes to poles,
hangars, and other obstructions. Suggestions on how to reduce
these mishaps seem appropriate. For example, placing boundary
lines near hangars, poles, and other obstructions may aid the
pilot in judging distances from those obstructions. Because
different size helicopters will operate at a facility, boundary
lines highlighted with script, such as "DO NOT CROSS", may be
preferable to centerlines. An additional suggestion is to place
strips of fluorescent paint/tape on the obstruction itself.
This will aid the pilot in judging distances from the
obstruction and also highlight the obstruction, especially
poles, on overcast days and at night.

On-ground multiple aircraft collisions also continue to occur.
Those considered in the study occurred in parking areas.
Providing specific ground markings, such as those presented in
"Heliport Surface Manuevering Test Results” (reference 2), may
help alleviate this problem. For example, providing a circle
and defining the maximum allowable rotors turning diameter, such
as 44D for a 44 foot maximum rotor diameter (circle diameter 74
feet, 44 feet { 15 feet clearance on each side), may prove
helpful to the pilot. Other suggestions are also presented in
reference 2. (Reference 2 also indicates a need to reexamine
the adequacy of the one-third rotor diameter tip clearance at
public heliports.)

Lower the obstruction marking height requirements. -
Obstruction strikes, especially wire strikes, continue to be a
significant problem. Establishing a visual margin of safety
below the current 8:1 approach/departure surface 1is
recommended. It is recognized that the most critical problem
exists close to the facility. Therefore, a more stringent
recommendation is made for the first 500 feet out from the
heliport. Thereafter, a slope which results in a 100 foot
buffer below the 8:1 approach/departure surface at 4,000 feet is
recommended. The recommendation is to mark all obstructions,
especially wires, that lie under the 8:1 approach/departure
surface, are not shadowed by another object, and are:

a) above a 25:1 slope within 500 feet of the FATO; and
b) are above a 9.21:1 slope thereafter (see figure 14).

The 9.21:1 slope ensures that the 100 foot buffer at 4,000 feet
from the heliport is satisfied.

Provide sufficient clear space near the landing site to support
improved operational and safety needs. - This recommendation is
sensitive to the difficulty and expense of acquiring or
controlling land use near a landing site. However, providing
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additional land under the approach/departure corridor(s) has
several benefits. This land:

o provides additional ground/air space to support
acceleration through translational 1lift, thereby increasing
the payload and operational capability of the helicopter,

o} increases the capability of the helicopter to operate
productively at higher density altitudes,

o provides a safe landing area in the unlikely event of a
malfunction requiring a forced landing immediately after
takeoff, and

o provides a safe landing area in the unlikely event of a
malfunction requiring an immediate landing during approach.

4, Install additional wind indicators where needed. - This
recommendation is directed at those locations where operaticns
occur near large buildings or obstructions. Typical locations
include heliports adjacent to hospitals, heliports with hangar
facilities, and city-center heliports where the wind may be
obstructed or channeled by surrounding buildings and thereby
alter its velocity and/or direction. Multiple wind soccks should
be considered when obstructions may affect the accuracy,
applicability, or visibility of a single wind sock.

5. Provide proper heliport surface composition and adequate surface
maintenance. - Helicopters are sensitive to the composition and
condition of the operating surface. Any protruding obstruction,
no matter how small, may cause a mishap. It 1s also essential
that the operating surfaces be able to support the helicopter
under all conditions. Landing gear may stick in sand, dirt, mud
or even asphalt on hot days. Concrete is preferable to
asphalt. It is also essential that operating areas remain free
of debris to prevent rotorwash blown objects from potentially
injuring personnel, damaging property, or causing damage to the
helicopter.

6. Remove the "hold open rack’” feature on refueling nozzles. The
"hold open rack™ allows the operator to refuel aircraft without
having to manually hold the fuel nozzle open. This feature
allows the operator to walk away from the aircraft during the
refueling operations. The automatic shutoff feature in the
refueling nozzle is a safety feature and should not be relied
upon to stop the refueling. The consequences of a fuel spill
are too great and therefore any device that allows automatic
refueling should be removed.

6.2.3 Airport Design Issues

At airports, the largest percentage of helicopter mishaps were
obstruction strikes on the airport (59 percent). Other significant cause
factors included mishaps related to forced landing on takeoff (12
percent), and rotorwash (12 percent).




Based on these findings, the following recommendations are offered
regarding heliport design at airports:

1.

Obstruction Avoidance - There are primarily two types of
helicopter obstruction strikes occurring on airports -- rotor
(main and tail) strikes and landing gear strikes. There are a
considerable number of objects at most airports that represent
potential obstructions to helicopters. Several options
concerning parking and refueling areas are presented to reduce
these hazards:

- Use trucks to refuel helicopters to avoid having to
position the helicopter too near the refueling facilities.

- Install long refueling hoses in the refueling areas to
avoid having to position the helicopter too near the
refueling facilities.

- Recess facility operational equipment, such as grounding
rods, tie-downs, etc. Flush mount lights when not
prohibited by operational factors such as snowfall. Use
low impact resistance mountings for lights when flush
mounting is impractical.

Another important consideration in helicopter obstruction
avoidance at airports is the use and placement of ground
markings. Usually designed for fixed-wing aircraft, markings
provide both guidance and obstruction clearance. However, these
same markings, particularly centerlines, may not provide
adequate clearance for rotary-wing aircraft, and, in fact may be
misleading to the helicopter pilot, resulting in a mishap.

Three suggestions to help prevent obstruction strikes are
presented here:

- Place specific (distinguishable) taxi lines in refueling
areas for use by helicopters. They must be placed far
encugh from the fuel pumps and surrounding obstructions to
accommodate the largest expected helicopter. These lines
must be noted, possibly with script, as specifically for
use by helicopters, such as "HELICOPTER USE". The
fixed-wing centerlines may be scripted with
“"NO HELICOPTERS NO."

- Place specific boundary lines near obstructions to help the
rotary-wing pilot judge distances to objects. These lines
might be highlighted with script such as "CAUTION
HELICOPTER - DO NOT CROSS".

- Mark obstructions, especially poles, with strips of

fluorescent paint or tape to highlight them. This is
especially helpful at night or on overcast days.
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2. Operating surfaces must be flat, free of debris, and well

maintained. - Lcose objects and debris in znd arcund helicopter
operating areas on airports have been responsible for a number
of mishaps. Because of rotorwash, helicopters and helicopter
operations are extremely sensitive to debris. Objects such as
tarps, plastic bags, rocks, dirt, and snow represer.t operational
and safety hazards to helicopters. Dirt and snow are
responsible for brownouts and whiteouts, ‘espectively. Rocks
and other debris blown around by rotorwash have caused physical
damage to nearby structures, aircraft, and personnel, while
tarps and plastic bags pi