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::: NOTATION
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e
P B contact arca width for skid gear

E;: d thickness of landing surface

\: DL disk load

';d DLF dynamic load factor

i} Fpy design hard landing load

%} ' Pp pcak landing gear load
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,f: Fv (V) cumulative probability function for v
‘E; 2 acceleration of gravity
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;i P static downwash pressure

:;: ) Py total downwash pressure
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S Shear stress
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v mean landing velocity
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l.

INTRODUCT[ON
This final report summarizes the work performed by the Civil Engineeriny

Department of the University of Maryland under subcontract No. T-0912,
“Structural Design Guidelines for Heliports." This subcontract was in support
of the SCT contract entitled "Guides for All-Weather Heliports,"” initiated
under FAA Contract No. A01-80-C-10080, Task 2.

The overall objective of the subcontract was the development of
structural design guidelines for heliport landing areas. Of major concern
were helicopter induced structural loads due to hard landings, rotor downwash
and vibrations.

The research effort consisted of two major tasks with specific elements
and/or methodology of each as outlined below:

I. Compilation, review and analysis of existing structural design

criteria for heliports,

A. Literature review

B. Survey of helicopter manufacturers

C. Survey of heliport design consultants
D. Survey of heliport owners/operators

1.

Development of heliport structural design guidelines considering:

A. Hard landing impact loads

B. Rotor downwash

L. Structural vibrations

D. Heliport type and number of hourly movements (i.e.,

landings/takeoffs).

In view of the aforementioned tasks, this report includes eight

additional chapters with major topics as follows:

2'
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Review of Task 1 Findings

Survey of Heliport Operators

Structural Loads Caused by Hard Landings

Structural Loads Caused by Rotor Downwash

Structural Vibrations

Other Structural Loading Conditions

Summary of Structural Loading Guidelines for Heliport Design
Suggestions for Future Investigations




7. REVIFW OF TASK 1 FINDINGS
As noted in the introduction, '‘he focus of the Task 1 effort was twofoid:

the review and analysis of existing design criteria and structural loading
data for heliport structures. To accomplish the goals of Task 1, a four part
methodology was employed:
1, Literature Review
2. Survey of Helicopter Manufacturers
3. Survey of Heliport Design Consultants
4, Survey of Heliport Operators
The preliminary analyses of information from all sources suggested that
rotor downwash and vibration loadings of heliport structures are considerably
less significant than the impact loads from hard landings. The preliminary
analyses also indicated that a precise yet simple method for determining the
magnitudes of these hard landing impact loads for a wide range of helicopter
types does not currently exist. Accordingly, the topic of hard landing impact
10ads became the number one priority of the Task 2 effort,
In the following subsections, the general findings from the Task 1
investigations are summarized., Specific Task 1 conclusions regarding hard
landing loads, rotor downwash and structural vibrations are described in later

sections of this report.

?.1 Literature Survey

To compile all relevant previous work on heliport loading considerations,
a computer,zed literature search was made of several data bases: National
Aeronautics and Space Administration (NASA), National Technical Information
Service (NTIS) and Compendex/Engineering Index. The library collections at
the Federal Aviation Administration, American Helicopter Association and
University of Maryland were also reviewed. Selected references unavailable
through those libraries or NTIS were obtained through the Interlibrary Loan
Department of the University of Maryland.

Although the literature search resulted in a large number of citations,
only a few were directly related to the objectives of this study. The
relevant citations, listed in the bibliography at the end of the report, were
divided into the following categories: existing design guidelines, landing
gear/landing loads, rotor downwash and miscellaneous related topics. The
intormation from these references is discussed as appropriate in later
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sections of this report,

2.2 Comparison of Existing Heliport Design Guidelines

Three domestic and two foreign heliport design manuals were obtained
during the Task 1 literature survey. The structural loading conditions for
hard landing impact loads recommended by these manuals (including the recently
revised LaDOT guide and FAA-AC 150/5390/1C draft issued in May and June of
1984, respectively) are summarized in Table 2.1. The minimum recommendations
were found in the LaDOT and ICAQ reports, which suggest hard landing loads
equal to 1.5 times the percentage of static helicopter maximum gross weight
(MGW) applied through each landing gear. The FAA and USCG gquidelines are
slightly more stringent, recommending 1.5 times the MGW to be applied through
only two points (the main gear). The CAA recommendations are considerably more
severe than any of the domestic gquidelines. The CAA suggests hard landing
impact loads of 2.5 times MGW, which is to be further increased in certain
situations by a 1.3 structural response factor, yielding a total impact load
factor of 3.25.

Additional differences among the current heliport design manuals are
found in their recommendations for distributed 1ive loads on the helideck,

The FAA and ICAQ guidelines recommend distributed live loads as dictated by
the applicable local building codes. The LaDOT and USCG guidelines recommend
a distributed live lToad of 40 psf and 42 psf, respectively; however, these
live loads are to be treated as an alternate structural loading and are not
combined with the hard landing loads. The CAA guideline recommends a 10 psf
distributed live load to be applied simultaneously with their comparatively
large hard landing loads.

The Uniform Building Code (UBC) for the general design of structures also
contains recommended loading conditions for heliports. The UBC hard landing
load recommendations are as follows: (a) for wheel-gear helicopters equipped
with hydraulic shock absorbers, a single load equal to 0.75 times MGW applied
over a 1 square foot contact area; or (b) for skid-gear helicopters, a single
1oad equal to 1.5 times MGW applied over a 1 square foot contact area. In
addition, the helideck must be designed for an alternate distributed live load
of 100 psf (nominal). These UBC recommendations are thus either more or less
severe than the FAA quidelines depending upon the type of landing gear and the
size of the helideck.
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2.3 Survey of Helicopter Manufacturers

The primdry purpose of the survey of helicopter manufacturers was to
obtain information relevant to the hard landing load condition for heli-
copters. Specifically, information in the following three categories was
solicited:

a) Aircraft weights and landing gear dimensional data for current and

anticipated future helicopter models.
b) Manufacturers' recommendations to customers on appropriate heliport
desiygn loads for their helicopters.
¢) Limit design loads for the landing gear for each helicopter model -
(The assumption is that these loads represent the maximum credible
hard landing loads for the helicopter.)
Telephone conversations were held with engineering staff members and other
representatives of Bell Helicoper, Sikorsky Aircraft, and Boeing-Vertol. Bell
and Sikorsky helicopters comprise over 50% of the civilian rotorcraft fleet,
and specific Sikorsky and Boeing-Vertol helicopter models represent the
heaviest rotorcraft in civilian use,

Preliminary discussions with the manufacturers' representatives revealed
that other useful information regarding helicopter landing loads could also be
obtained from other sources. Accordingly, the following agencies were also
contacted by telephone:

Federal Aviation Administration

- Rotocraft Program Office (Washington, D.C.)
- Southwest Regional Office
- New England Regional Office

Helicopter Safety Advisory Conference

The results from these discussions will be described in the context of
nard landing loads in Section 4.

One of the products of the subcontract work is an update of Appendix 1,
“Helicopter Dimensional Data", in the current FAA Heliport Design Guide (AC
150/5390-18 and AC 150/5390-1C draft). In the May 1984 revision of the LaDOT
Offshore Heliport Design Guide, the Helicopter Safety Advisory Conference
(HSAC) updated the helicopter dimensional data. Rather than duplicating the
HSAC efforts, their findings have been incorporated in this report as Appendix
A.
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2.4 Survey of Heliport Design Consultants

The current (1983) listing of heliport consultants was obtained from the
Helicopter Association International. The activities of these consultants
spanned a broad range: site selection, architectural and engineering design,

environmental analysis, community public relations, licensing, and safety and
security evaluations, From the list of twenty consultants, ten described as
being involved in engineering design were contacted by telephone and asked to
comment aon the following items:

a) type(s) of heliport designed

b) type(s) of pavement typically used

¢) opinions regarding the conservativeness/unconservativeness of the FAA
recommended design guideline of 150% x maximum gross helicopter weight
(MGW) for dynamic hard landing loads.

d) type and severity of structural/pavement distress due to helicopter
operations

e) opinions regarding the implementation of standardized helicopter
categories

f) problems with vibrations on elevated structures due to helicopter
tanding and takeoff operations

g) problems caused by rotor downwash

Of the ten consultants contacted, two were involved in heliport planning and
operation rather then structural design. One was no longer in business, and
one was involved in the design of ambient wind measuring devices. The con-
sultants' comments are summarized in Table 2-2., The most noteworthy comments
include the following:

1. For all the different types of heliports designed (ground level,
rooftop, elevated, offshore) rigid pavements were used exclusively,
with the exception of prefabricated aluminum elevated structures, for
which the landing deck consists of standard extruded aluminum beams.
Furthermore, there were no reported instances of load associated
pavement distress.

2. No problems with vibrations on rooftop or elevated structures were
reported,

3. Problems associated with rotor downwash were limited to scattering of
gravel on rooftop heliports, i.e., no structural problems due to
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TABLL 2-2 (CONT.) - -REFERENCES

ACL Division of leliport Systems, Inc.
Airport Park

Morristown, NJ 079060

Wm. . Davis (201) 540-0011

Acronautical Consultant
Prawer 807

Hyannis, MA 02601
Richard F. llodgkins
(617) 775-5838

Note:

Alr Pecgasus

18 East 48th St., 2nd Floor
NY, NY 10017

Bud Shaw (212) 888-8585
Certified Services, Inc.
P.0. Box 1939

Hammond, LA 70404
Charles E. David

{(504) 345-3619

CH2M HILL

Mid-Atlantic Regional Ofc.
1941 Roland Clarke Placc
Reston, VA 22091

Ronald F. Price

{703) 620-5200

Helicopter Canada

185 George Craig Blvd. NE
Calgery, Alberta Canada
Jon C. Pellow

(403) 230-3200

T2E7113

lloyle, Tanner § Assoc. Inc.
1 Technology Park
L.ondonderry, NH 03053
Stephen Bernardo

(603) 669-5555

Pan Am World Services, Inc.
90 Moonachie Ave.
Teterboro, NJ 07608

John Meehan

(201) 288-5218

TSI Inc.

500 Cordigan Road
P.0. Box 43394

St. Paul, Minn. 55164
Thomas F. Thornton
(612) 483-0900
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10, Vertical Acronautics,
International
11225 Sylvan Strecet
Van Nuys, CA 91401
Lee Ambers
(213) 901-1434

'*' jndicates consultants who

arc cither no longer in business
or who are not involved in
heliport structural design
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rotor downwash were reported,

4. Though there was no opposition to designing for standardized
helicopter aircraft categories, most consultants stated that they
design according to the customer's needs, which usually are defined
in terms of a specific helicopter and weight. The consultdants also
noted that for ground level rigid pavements, a minimum of six inches
of Portland Cement concrete is required for all helicopters under
20,000 1b. (FAA AC 150/5320-6C); since there are very few civil
aviation helicopters that exceed that weight, a rigid pavement design
analysis is rarely required,

5. Four of the six consultants indicated that the FAA's guideline of
150% x MGW for the dynamic hard landing load seemed appropriate, with
one consultant noting that the European standards recommend 200% x
MGW. Two consultants suggested that the 150% x MGW was too
conservative, None of the consultants, however, could offer any
evidence or data to substantiate his opinion. '

The major conclusions drawn from this survey were as follows: (a)
downwash pressures and helicopter-induced structural vibrations are not
critical structural design conditions; (b) hard landing impact loads are the
critical structural loading conditions, but for certain helipad designs (e.q.,
rigid pavements for light helicoplers) the current minimum requirements dre
more than adequate; and (c) there is a diversity of opinion regarding
appropriate hard landing impact load magnitudes, but the differing opinions

are rarely backed by substantiating evidence.

3. SURVEY OF HELTPORT OWNERS/DPERATORS

To assess the nature of load-associated pavement distress, preliminary
conversdation were held with representatives from the following helipad/
heliport facilities: Maryland State Police, New York Port Authority, Boliing
Air torce Base (Washington, D.C.) and the U.S. Army Waterways Experiment
Station (Vicksburg, Miss), The only structural-related problem revealed in
these conversations was the rutting of flexible (asphalt concrete) pavemeats
under skid-gear equinped helicopters,

In a more comprehensive effort to assess the levels of load-associated
pavement distress and problems caused by structural vibrations and rotor
downwash in current heliport designs, a survey was made of 270 neliport
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owners/operdtors in the United States. This survey solicited information in

the following general categories: (a) type of helicopters and the frequency of
their operation at the facility; (b) type and age of landing surface; (c)
general and specific structural problems with the landing surface; (d)
structural or other problems caused by helicopter vibrations; and (e) problems
caused by rotor downwash. A copy of the survey form is included in Appendix B.

The 270 owners/operators surveyed were selected from the 1983 AIA
Heliport Directory. A strong effort was made to obtain a representative
geographic distribution of survey recipients. However, as more problems were
anticipated with rooftop, elevated and offshore facilities, the survey
distribution was biased toward these types of facilities; 60-70% of the survey
forms were sent to rooftop, elevated, and offshore facilities, and the
remaining 30-40% were sent to ground level facilities.

Of the 270 survey forms mailed, 40 were returned for insufficient or
incorrect addresses. The remaining 230 forms were assumed to have reached
their destinations; of these, 93 completed surveys were returned, yielding a
response rate of 34%, As detailed in Table 3-1, the responses were roughly
proportional to the number of surveys sent to each type of heliport facility;
35% of the responses were from ground level facilities and 65% were from
rooftop, elevated, and offshore facilities.

The survey respondents represent a wide variety of heliport operations.
As summarized in Figure 3-1, the number of helicopter operations per year
reported by the respondents ranged from a few to over ten thousand. The
distribution of operations by type of rotorcraft followed the general industry
trend; as illustrated in Figure 3-2, the majority of operations are in the
lightweight (less than 6000 1bs. maximum gross weight) helicopter class.
However, a few respondents reported some operations {(generally only a few
operations per year) of heavy rotor craft greater than 20000 1b MGW.

A variety of landing surface types are also represented in the survey
results. As detailed in Table 3-2, concrete and asphalt are the most widely
used landing surfaces, accounting for 85% of the total reported in the survey,
with steel, wood, and stabilized soil/turf comprising the remaining 15%,

The general results from the survey are summarized in Table 3-3; a more
detailed listing of the survey results is given in Appendix B. A substantial
majority of respondents--64%--reported no structural problems with their
heliports. Only 3% of the respondents described their problems as
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H! TABLE 3-1. SURVEY RESULTS: HELIPORT TYPES
N

"\\

A TYPE PERCENT

F GROUND LEVEL 369

b ROOFTOP 54

W e e

OTHER ELEVATED 9
OFFSHORE 1

TABLE 3-2, SURVEY RESULTS: LANDING SURFACES

PERCENT.
CONCRETE (RIGID PAVEMENT) b3%
ASPHALT (FLEXIBLE PAVEMENT) 22
STEEL 5
WOOD _ 4
STABILIZED SOIL/TURF Y
UNSPECIFIED 1

TABLE 3-3. SURVEY RESULTS: GENERAL CHARACTERIZATION OF HELIPORT PROBLEMS

PERCENT
"0 PROBLEMS” (A
“MINOR" 14
“NORMAL" 16
“SIGNIFICANT" 3
12
e e Ll e e

.........

AN A DT R s




° 40 4 PERCENT

. 10 100 1000 10000 100000
ANNUAL OPERATIONS
FIGURE 3-1. SURVLEY RESULTS: FREQUENCY O OPLRATION
80
60 J\ A{6000 1b
PERO‘;‘ENT B 6000-20000 1b
C )>20000 1b
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tj' FIGURE 3-2.  SURVEY RESULTS: OPERATIONS AS A FUNCTTON OF HECTCOPTER CATLGORY
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“significant". A more detailed breakdown of the problems reported by the
survey respondents is given in Table 3-4., Based on the results from the
survey, the following noteworthy observations and conclusions can be made:
(a) Pavement Distress, Eighty percent of the survey respondents
indicated that, in terms of load associated landing pavement

distress, there were "no problems” or only "minor problems". The
most frequently mentioned distress categories for concrete landing
pads were cracking, joint seal damage, and spalling; for asphalt
surfaces, cracking and rutting,

(b) Vibrations. The survey responses suggest that there are no
significant vibration problems resulting from helicopter operations. “
Comments by the respondents were limited to the following,

- Vibrations caused loosening of exterior decorative (architectural)
panels
- Vibrations were perceptible on the top floor of buildings housing
rooftop helipads
- Vibrations were perceived to intensify pavement cracking
From a structural design viewpoint, the most significant of these
comments is the suggestion that vibrations intensify pavement
cracking, It is important to note, however, that cracking of asphalt
and concrete pavements may be caused by the combination of load
repetition (fatigue failure), environmental factors (e.q.,
freeze-thaw cycles) and construction quality (e.qg., concrete curing,
quality of aggregate). It is doubtful that the number of load
repetitions on a helicopter landing surface approaches the fatique
life of the pavement, C(Consequently, we believe that the reported
pavement cracking is primarily the result of poor construction and
environmental factors rather then the result of helicopter
vibrations.
(c) Rotor Downwash. The survey comments indicate that there are no

structural problems associated with rotor downwash. However, the

survey comments do suggest that rotor downwash problems may require

special consideration of the following points:

- Location and/or modification of roof vents to prevent helicopter
engine exhaust fumes from entering the building's air conditioniny

system.
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TABLE 5-4. SURVEY RESULTS: DETAILED PROBLEMS REPORTED BY HCLIPORT OPERATORS

A, STRUCTURAL
1. concreTE (RIGID) PAVEMENTS
- CRACKING
- JOINT SEAL DAMAGE
~ SPALLING

2, ASPHALT (FLEXIBLE) PAVEMENTS
- CRACKING
- RUTTING

B.  VIBRATIONS

NUMBER OF TIMES DISTRESS
WAS SPECIFICALLY MENTIONED

~ LOOSENING OF EXTERIOR DECORATIVE PANELS

- PERCEPTIBLE ON TOP FLOOR {ELEVATED PAD)

= INTENSIFICATION OF CRACKING

C.  DOWNWASH
- FUMES ENTERING A/C DUCTS
- GRAVEL SPREADING
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.......
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- Selection of sufficiently codarse roofing gravel to prevenl
spreading due to downwash wind velocities,

In summary, the survey of heliport owner/operators did not reveal any
significant levels of serious structural distress as the result of helicopter
operations, This conclusion applies to the landing pavement performance anc
the eftocts of helicopter-induced vibrations and downwash pressures. None of
the survey respondents reported any 1nstances of severe structural failure
{e.qg., collapse of an elevated helipad); furthermore, we found no reference tu
1y similar failures during our review of the heliport literature. ur
overall conclusion from these observations is that current and past heliport
‘tesign guidelines have specified adequate, and perhaps conservative, require-

ments for structural design,

4. STKUCTURAL LOADS CAUSED BY HARD LANDINGS

Our prelimindary Task 1 investigations revealed that loads caused by hard
landings are usually the critical structural loading condition for most
heliport landing pads. In the following subsections, current practice for
detining these landing loads is briefly discussed. In addition, a new method
for determining the appropriate magnitude of helicopter hard landing loads is

proposed and used to evaluate the adequacy of current practice,

.0 wesiew of Current Practice

Hard Tanding loads are typically specified in terms of a "hard landing
inad factor”, defined as a multiplicative factor applied to the maximum gross
weight. (MGW) of the helicopter. These loads are usually assumed to be
distributed either equally through the two main landing gear or else in the
same proportions as the static weight of the helicopter. For heliports
servicing a variety of rotorcraft types, the hard landing loads wiil be
governed by the largest helicopter expected to use the facility. Hara landing
toad factors specified by existing heliport design guidelines have alredady
heen reviewed in Section 2.2 and Table 2.1. These hard landing load factors
range between 0,75 and 3.25, with a value of approximately 1.5 most commonly
recommended (FAA, ICAQ, LaDOT, USCG).

Despite the close agreement among many of the existing design guidelines,
we found little hard evidence to substantiate their load recommendations.

ihis is nob to sugyest that the existing guideiines are deficient; if
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anything, our findings from the surveys of heliport desiqn consultants and
heliport owners and operators indicate that current loading specifications dre
more than adequate, The existing yuidelines appear to be based largyely on
experience and consensus among the variogus guideline-writing organizations,
This is a valid engineering approach, although it is often accompanied by an
indeterminate degree of conservatism.

A study conducted by Sikorsky (Anonymous, 1973) supports in general terms
a hard landing load factor of approximately 1.5. In the Sikorsky study,
actual landing gear loads were measured during a hard landing after a
simulated power failure while hovering at an aititude of approximately 3.5
feet. As shown in Figure 4-1, the maximum gear load factor measured during
this test was 0.95g; the duration of this peak load was approximately one
third of a second. From these data, the Sikorsky investigators concluded that
"large helicopter alighting gear structures are designed to withstand from
1.25 to 1.5 times the static load on each wheel.” From this conclusion and a
consideration of the static load distribution within the landing gear, the
Sikorsky investigators recommended a maximum landing load of 0.64 times MGW
for each main gear (1.28 MGW total load) in a conventional (two main wheels
and one tail wheel) landing gear configuration and a maximum landing load of
0.56 times MGW for each main gear (1.12 MGW total load) in a tricycle (two
main wheels and one nose wheel) landing gear configuration. The paper goes on
to recommend that “for structural helicopter platforms that are open on the
underside, it is suggested that the foregoing factors be reduced by 25%."

Telephone conversations with Ed Nesbitt of Sikorsky confirmed the general
conclusions drawn from this study. Instead of the 0.75 MGW per main gear hard
landing load in the current FAA guidelines, Nesbitt recommends, based on
Sikorsky's experiences with wheel gear helicopters, a hard landing load factor
of 0.67 MGW per main landing gear. This load would be reduced by 25% for
helidecks that are open on the underside, [t is important to note that all of
Sikorsky's recommendations are for wheel gear equipped helicopters only. Skid
gears are stiffer and less energy absorbent than wheel gears and can thus be
expected to apply different landing loads to the structure,

It should be noted here that all of the helicopter manufacturers provide
landing gear load and geometry data for their helicopters. fxamples of landing
qear data sheets from Acrospatiale, Bell, and Sikorsky are given in Figures
4-2 through 4-4, In general, the .anding gear data provided in these sheets

17
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Figure 4-1. Helicopter Gear Load Forces After Power Failure While

Hovering (Sikorsky, 1973)

L .- . ‘e e ‘. . et L% e - L .. - . . - .
ot “ T - I LTSRN
- - . P A A I o= A - - R o .
- D T PR o ut - ‘p‘_n__'A'--_i_p'A ot e e g ron P eed Soa L A A onls e alal ala a




ARIME B I SR AP S0 0" H I et e S e i o s i e s a p——— - — T e S S B oL
o

b

p

.

b

e

:-‘ 1. m

-, 1

- “s e

. - 119w —o
S TG ]
h. ——

4.0 -
BERRD

L

(A
)
W n

32 m
10sin

G~ G
A A
A
2.0) m
[N 2,3
AIRCRAFT DATA SA365N
CANDING GEAR LONDING © MAXIMUM GROSS WE LGHT
] , CONTACT AREA PER GEAR
¢ } LBS. PER SQUARE INCH
g MAX GROSS WT | FWD. LOAD {13S.) | AFT LOAD (LBS.) FORWARD AFT
g 8,487 ~T,867 R 6.Gz_Q_ 39.1% 100.3%
3 _4. ——
l
t_ =TT Ty ns E v St Ot o Sl 159 "“‘J*_:‘_“—"'“:
(] GEAR CONTACT FORWARD | ___‘nF_T_»_,_“L__g(_Iggg I FIXED FLOATS
| AREA IN "o ‘ 534
y SQUARE _INCHES |
*Per Wheel
Figure 4-2. Typical Helicopter Data Sheet-~Aerospatiale
¢ 19
2
t:;"." a5 :;. - N P et ke m S aa s " " N -t a ._~L;. P




it HELIPORT DESIGN DATA
! DIMENSIONS

P SN R
S PR A

LI 0N N v ."
PR S

"
.

¢ -

| .

! I el o - R i

i 1/‘"‘ .
i._‘

&

(is9sm)

l—a

P"" .
'\-..-4
-”"L"{:i -

‘?&E’__.—b

(—

-

{29 m}

[ A RPN T
;g tem

410

LAMDING C
HASED ON ONE "G™

SEAR LOADING & MAXINMUM GROGS WELIG
STATIC CONMITIONS AT AFT MOST

.~rFiUCTlJPAL CG

BELL 214ST

TP 6 601N
(7. 24 mm)

SNy S
—_

: 9nszu~
(288 m)
-
o o 62F1T 210N .
N [L- 11896 m) - -
": ': t SUFT 624N ;
N ' o T T s 0m T .1
. ) ‘
- ) YT 10011 !
- - ‘ - - e
P BER LY
- 46 FT g 24N
{14 23mj -
. — Typ TR o — )
=~ ; 46T \ I'J—' LEET R OIN
m"" ; — I N S (2 98em
rﬂ] oo —— Jrﬂgr PET v sgan (3356 mml Lo . -
5 : ~ (39689 mej Ty L
{ - . 5”\ area. LNl 7 10FT 680N
~.4 IFT 242N - LoD —‘ : o . i3 22m)
i 1FT 242 - - LA e T > - .
l ‘;‘ (424 m) v . (e \'yi)‘—“ . -
SARECRLIE TR ‘.1 . R ‘ PR Dt 12 ;
41 m) ! -1 sv‘\Y‘J WON (\ - [ Y , (1 31 t
Cat A . a e~ i e _4)__( e —
! ¥ w < e
' i et e -
LI RPRIY _-— ) e i ) ! |
e e JFT 906 IN " _ |

7500 2OUNDS

LINGT

-

GEAR TYPE

LOADING POUNDS CONTACT AREA SQ iIN

COMTACT PRES Pl

FORWARD AFT FORWARD AFT FOPWARD

AFT

] T SWID

4864 12,636 24.7X2 24.7 X2 a8

256

Figure 4-3.

L
20
. - . N - - L.t .t . .
. AN e . Lo - ) J
IR S PP PR L (TP YWY S8 VL. W LT B e S P o o e B

Bell Helicupteri231.<

Typical Helicopter Data Sheet--Rell




T T T T T T AT Y, N ST, IR e A it S AL Gl S A G AT 07 @ B A BN SML A 4t st gme oan aan W W R L N N T e

" Sukaasrvil.
; HELICOPTER
<

AUFT
— (2 49M)

BET ‘

[ 59 IN -
(208N

!

4FT-QIN
(1 45M)

t

1 e
70—}:1. — /Cﬂ/‘(/ T

1000+

LT -
R A |

i
!
|
|

- e o= 52 FT -6 IN (16 0UMY -

—_— 4G FT (13 41M

218N . RGET |
{ 554M) 2 438
- Ixnrt»‘,am
- - T (4414
! 60FT \
6F71 1N (1 B2ZM) LET - HBIN
{182 i 1My
B BN e
} — N CYATIC GROULD LINE WL 37 | b

{ '
= UFT S 5IN (5 00GM1 e |
I

e e L 43T AN (13 219M) — B e e

AIRCRAFT DATA

f i o LANUING GEAK LOADING @ MAXIMUM GROSS WE IGHT
CONTACT AREA PER GEAR
LBS. PER SQUARE INCH
MAX GROSS WT | FWD. LOAD (LBS.) | AFT LOAD (LBS.) FORWARD AFT
10,300 2 600 T 7,700 136.84 80.7
GEAR CONTACT FORWARD AFT SKIDS FIXED FLOATS
AREA IN '
SQUARE INCHES 19.0 _l__ 48.0 N/A N/A

- . .
.....

‘.

Figure 4-4. Typical Helicopter Data Sheet--Sikorsky

. . . U TN Y - e e, L. .ot . . .- -
M TE T ‘.“."».‘-.'.". ....... P -“\"-\.- N . - et '\-<.~
I R O i e T T S S R IR PR Y I UL ST VL PR N L
PPN AP LI W SR L WL i AR WL, PP P L A P P 2la’e o miain AN im in.a 0"




ru:‘ vy A Mg S & VPRSI it d At A= A S SR AP SN M
-

ey
A
. .

g W
t T
oo f

conforms to, and is most probably based on, current FAA design guidelines.

In summary, the major findings regarding current practice for specitying

hard landing loads are as follows:

1. None of the heliport design consultants indicated any experiences of
structural problems arising from the current FAA guidelines. Several
of the consultants offered their opinions regarding the
conservativeness/unconservativeness of the FAA guidelines, but no
evidence was offered.

2. None of the heliport owners or operators surveyed reported any
significant structural design problems with the landing surfaces at
their facilities,

3. Although there was considerable variation between a few of the
existing heliport design guidelines, nearly all of the domestic
guidelines recommend a hard landing load factor of approximately 1.5.

4. There is little documented evidence substantiating the hard landing
load recommendations in existing design guidelines. The existing
guidelines appear to be based on experiénce and consensus, dand the
lack of structural problems encountered in the field suggests that the
guidelines are somewhat conservative,

Regarding point 4, a quantitative analysis of appropriate hard landing

ioad factors will be presented in Section 4.4.

4,2 Structural Dynamic Load Magnification

Helicopter hard landing loads are dynamic in nature and must be treated
as such in the structural design of the landing surface. For example, the
loads measured in the Sikorsky study described in the preceding section
(Figure 4-1) are gear loads, i.e., the actual structural forces measured in
the landing gear of the helicopter. These loads are the actual loads appiied
to the landing surface. These loads are not, however, the effective loads
felt by the heliport structure; the loads applied by the helicopter landing
gear will be further modified--either amplified or attenuated--by dynamic
effects within the heliport structure, following the standard principles of
structural dynamics (e.g., see Biggs, 1964). For practical design purposes,
these dynamic effects are normally incorporated through application of a
dynamic Joad factor (DLF). The purpose of the DLF is to convert the dynamic

applied load to an equivalent static load producing the same stresses and/or

22
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displacements in the structure., The magnitude of the DLF will be a tunction
of the characteristics and duration of the loading and ot Lhe natural period
of the heliport structure.

Except for the CAA design guidelines, there is no explicit consideration
of dynamic structural load amplification effects in any of the existing
heliport design guidelines. The CAA guideline recommends a DLF of 1.3 to be
applied in a limited set of cases. However, as will be shown below, this
value may be too low for many landing surfaces.

The topic of dynamic load magnification is also mentioned briefly in the
Sikorsky study described previously;

"Additional conservatism arises because of the rapid nature of the
application of the landing impact load, which [reaches] its peak
value and is relieved in less than one-fifth of a second. Hence, the
- inertia of the mass of the platform structure itself has a cushioning
5! effect on any bending stresses imposed on its membrane, as well as to
| the supporting beams underneath. This is analogous to the well
accepted phenomenon that it is difficult to fail a heavy beam in

L o
b it
s

bending simply by hitting it with a hammer or to fail a column by
striking a blow on the end." {pg. 6)
The above statement is true only if the natural period of the landing platform
(or pavement, for ground-level heliports) is significantly longer than the

typical one-fifth second duration of the load application. The simple
analysis described below can be used to investigate this point.

The first step in the analysis is the idealization of the loading applied
by the helicopter landing gear during a hard landing. Considering the typical
actual gear load vs. time history depicted in Figure 4-1, the idealized load
vs. time curve shown in Figure 4-5 can be postulated. This load vs. time
history is assumed to be independent of the dynamic response of the heliport
landing structure, The two important characteristics of this curve are the
peak load magnitude, Fp, and the peak load duration, t,. After t,, the peak
load decreases to some jower plateau value that is a function of the rotor

lift, RL, and the maximum gross weight of the helicopter, MGW, during the hard

landing. The lower plateau portion of the curve after td can be neglected for
: the present analysis, leaving a pure impulse load of magnitude Fp and duration
q
g t

q°
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As the second step in the analysis, the heliport landing structure is
idealized as an equivalent single-degree-of-freedom dynamic system that is
assumed to respond independently of the rotorcraft dynamics. Considering only
elastic behavior for this system (the usual assumption for all structural
design), a relationship for the maximum DLF for the structure for the given
idealized load history can be developed; this relationship is plotted in
Figure 4-6 (rectagular load), where the normalizing factor T on the horizontal
axis is the natural period of the equivalent single-degree-of-freedom dynamic

syétem.
The third step in the analysis is the estimation of the natural period of
. the equivalent single-degree-of-freedom dynamic system representing the

tanding platform structure. As a typical case, consider a one-way reinforced
concrete slab having a 20 ft, span and a 25 ft. width in a rooftop heliport.
Assuming a Bell 214 helicopter and using the FAA guidelines for hard landing
loads, a rough design analysis can be performed: a 7 inch slab is required.
Following standard approximate dynamic analysis techniques (e.g., Biggs, 1964,
Chapter 5), this slab geometry produces a natural period of 0.15 to 0.20
seconds (depending upon how the mass of the helicopter is included in the
calculations) for the equivalent single-degree-of-freedom system., A check of
Figure 4-6 with T=0.15 to 0.20 seconds and td=0.2 seconds yields a DLF value
of 2.0, the maximum value it can attain,

Obviously, other structural geometries and cases will produce different
natural periods and therefore different DLF values. However, many of these
other cases (e.g., pavements) will have shorter periods and thus the DLF will
remain at its upper limit. The important point is that some structural cases
will produce DLF values at the maximum, and consequently the dynamic load
magnification effect cannot be ignored in any rational characterization of
structural loads for the hard landing condition. In the absence of a more
detailed dynamic analysis, engineering conservatism requires the use of a DLF
value equal to 2.0.

4.3 Loads from Limit Load Drop Tests

One of the obstacles to the rational specification of hard landing loads
is the absence of a precise definition of the hard landing condition itself,
Is a landing which mildly jolts the passengers of the helicopter a "hard
landing"? Or is a crash landing that destroys the landing gear and severely
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damages the aircraft fuselage a "hard landing"? Although most normdl
helicopter landings will produce negligibly small impact, abnormal landings
can span a broad spectrum of velocities. Further complicating the problem is
the variety of aircraft attitudes possible during abnormal landings. C(learly,
some bounding definition is required for design purposes.

As part of FAA helicopter certification procedure, helicopter
manufacturers are required to perform limit load drop tests on all landing
gear in accordance with the relevant sections of Federal Aviation Regulations
27 and 29, Loosely speaking, the loads measured in the limit load drop tests
represent the l1oads under which the landing gear begins to yield. Therefore,

- these loads should represent the maximum credible gear loads for the hard
landing condition.

A comparison between limit load drop test values and current FAA hard
landing load quidelines is given in Table 4-1 for skid gear equipped
helicopters. Since the FAA design guidelines (column 4 in Table 4-1) are

_ based on landing loads applied through two points (the main landing gear), it

o is most appropriate to compare these values with the Timit load drop test

i‘ values for the aft (main) gear only (column 5 in Table 4-1; combined aft

E gear). As shown in column 6 of the table, the ratio of actual measured loads

to FAA recommendations is quite variable, ranging from a low of 0.75 to a high
of 1.58 with an average value of 0.98. Column 7 of Table 4-1 shows the ratio

of measured loads to maximum gross weight, which has an average value of 1.47.

Similar data for a sample of wheel-gear helicopters are given in Table

4-2. The ratios in columns 6 and 7 are again quite variable; the average

ratio of measured combined main gear load to FAA recommendation is 0.85, and

the average ratio of measured load to maximum gross weight is 1.28. These

values are siightly lower than the corresponding values for skid-gear

helicopters; one explanation for this is the greater compliance and energy

S absorption of wheel gears,

- One possible cause for the variability of the individual data values is

' q the diversity in the design of the landing gear for different helicopter

- models, i.e., differences in stiffness and/or energy absorption capacity.
Another possible cause is variability in the limit load drop test procedure
used by the individual manufacturers; the FAR requirements specify only

‘ maximum values for rotor 1ift and minimum drop heights. For example, Bell

2 typically performs their tests with an assumed center of gravity location that
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is farther aft than permitted in the final version of the helicopter's t1ight

manual, Sikorsky also indicated that they have in-house requirements for
landing gear design that are often more stringent than the FAA minimum
requirements.

Some caution must be exercised in the interpretation of the data in
Tables 4-1 and 4-2. In particular, the close agreement of the FAA
recommendations and the main gear limit load drop forces does not imply that
the FAA recommended hard landing loads are meant to represent the limit load
condition. The limit load drop values are gear loads while the FAA
recommendations are effective structural loads. By the arguments presented in
Section 4.2, the limit load values should be multiplied by the dynamic load
factor to obtain equivalent structurai loads. Assuning the maximum ULF of
2.0, the FAA recommended hard landing loads represent only one-half of the
equivalent structural load for the limit load condition. Conversely, if the
structure is to be designed to withstand the 1imit load condition, then the
FAA recommendations should be doubled.

Given the satisfactory performance of heliports designed using the
current FAA guidelines, it would be very difficult to justify a doubling of
the FAA hard landing load factor. Moreover, this is not the only nor
necessarily the proper conclusion to draw from the above discussion. A more
correct interpretation is that the limit load drop condition, although valid
tor the design of the aircraft landing gear, is simply not a good definition
of a "hard landing" for the purposes of heliport structural design. An
alternative and more appropriate definition is presented in the next section,

1.4 reliability-Based Approach to Hard Landing Loads

4.4.1 Basic Concepts
Ideally, we would like to define helicopter hard landing loads in terms

compdrable to those used to define other extreme structural loading
conditions, e.g., floor, snow, and wind loads. The current trend in
structural engineering is to define these types of loads using probabilistic
reliability theory. (For a review of probability theory and reliability
concepts, consult Benjamin and Cornell, 1970, a standard reference text.)

A fundamental axiom of reliability engineering is that we can never
design any structure to be 1004 “"safe". Regardiess of the magnitudes of the
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design loads we specify for a structure, there will always remain o small but
finite probability that the design loads will be exceeded. The yoal of

reliability engineering is to define a design load such that this probability
of the load being exceeded, when combined with other uncertainties (e.g.,
material property strength, analysis accuracy, construction quality, etc.),
will produce a structure with an acceptably small probability of failure,

As an example, consider snow loads for structures in northern climates.
Roofs are not customarily designed to withstand the most severe snowfall that
has ever been recorded in the past or that is ever expected in the future;
instead, roofs are designed to withstand the largest snowfall expected during
the lifetime of the structure. A building with a 50-year 1ife would be
designed to withstand a "S0-year snowfall"; that is, a snowfall that on
average occurs (or is exceeded) only once every 50 years.

Assuning that each year's snowfalls are independent from the next's, a
snowfall magnitude that occurs (or is exceeded) on average only once every

n
years has a probability of occurring (or being exceeded) within a single year
equal to 1/n. This simple fact from probability theory is the key to an
appropriate definition of helicopter hard landing loads. If we design a
heliport structure for an n-year snowfall or for n-year wind loads, then it is
sensible to design this same structure for an "n-year hard landing". Each
loading condition will then have the same probability of occuring or being
exceeded within a single year (1/n); the structure will have a "balanced"

reliability against all loading conditions.

4.4,2 Statistical Analysis of Hard Landings
Just as the magnitude of a 50-year snowfall is based upon a statistical

analysis of historical snowfall records, the definition of an “n-year hard
landing" requires a statistical analysis of helicopter landing
characteristics. In particular, a probability density function (PDF) for hard
landing gear loads is required; loosely speaking, the PDF describes the
frequency with which some specified landing gear 1oad occurs. Given this PDF,
a design landing gear load having an annual probability of exceedence equal to
1/n can be determined.

Unfortunately, except for the limit load condition there is very little
data available on the magnitudes of landing gear loads and even less on *‘he

relative frequencies with which these loads occur. More data are available on
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landing velocities, however. As will bhe described in Section 4.4.3, tnese
landiny velocities can be converted into approximate landing velociti s,
Thus, a PDF for landing velocities is an acceptable starting point tor the
reliability analysis.

Tdeally, the PDF for landing velocity will be based on measured data
spanning a broad range of helicopter landing conditions from normal to crash.
Untortunately, such complete data do not appear to be availabie. However,
data on the frequency and, to a lesser extent, impact velocity of hard landing
4n.ciderits is available for civilian and military helicopter operations. These
3ta, together with some reasonable assumptions, can be used to formilate the
°DF ftor landing velocity.

ihe FAA and NTSB have compiled very detailed reports of civilian
rotorcraft accidents for the period of 1980-81. Eliminating overlap between
the two databases, a total of 217 hard landing accidents were recorded during
the two year period, Only 94 of these accidents actually occurred at a
designated helicopter landing surface; hence, the conditional probability of a

hard landing occuring at a heliport given that a hard landing has occurred is
only 0.433. Nevertheless, in all of the following discussion we will make the
conservative assumption that all hard landings occur at heliports, i.e.,, the
conditional probability is taken as unity.

Calculation of the probability of a hard landing accident requires
knowledge of the total number of helicopter landings during the reporting
period 1980-31. Although this number is not known, the FAA reports a total of

5.1 million flight hours during this period. Assuming sowme averaqe number of

helicopter landings per flight hour, the total number of flight hours can be
converted to total landings for the period and, given the number of reported
nard 'anding accidents, the probability of a hard landing accident can be
computed, Table 4-3 summarizes these calculations for an assumed range of 9.5
to 4.0 landings per flight hour. The calculated probability of a hard landing

5, with 5.0x10'5 as a reasonable best estimate,

varies between 107% and 10~
e The probability of a hard landing accident is not sufficient to define
the PUF tor landing velocities needed in a structural reliability analysis.
However, 1f a functional form for the PDF can be reasonably assumed, then the
‘ hard tanding accident probability can be used for calibration. An exponential
® PDF is a convenient and realistic assumption for landing velocities for the

following reasons: (a) based on physical reasoning, the frequency of very
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Table 4-3 Range for Probability of A Hard
Landing Accident

Landings/Flight Hour . 2 . 3
(Assumed) Total Landings P [Hard Landing]
0.5 2.55 x 10° 8.5 x 107>
1.0 5.10 x 10° 4.2 x 107>
2.0 10.20 x 10° 2.1 x 107
4.0 20.40 x 10 1.0 x 1070

(1) A1l data are for civilian rotorcraft operations
during the period 1980-81,

(2) Based on 5.1 million flight hours during 1980-81.

(3) Based on accident data compiled by FAA and NTSB.
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small landing velocities should be highest--e.g., in normal landings, which
are by far the most frequent type of landing, the touchdown velocity

approaches zero; (b) the exponential PDF is amonyg the simpiest and most
commonly used distributions for this type of phenomenon, and there is no
physical justification for using a more complex form; {c) since we will be
dealing primarily with the upper tail of the distribution and since most other
reievant distributional forms also have an exponential-like tail distribution,
the precise distributional form used is relatively unimportant; and (d) the
ex;snential PDF is mathematically convenient and easy to calibrate, yiven that
it is a one-parameter distribution (i.e., defined entirely by its mean value).

The exponential PDF for landing velocities is depicted in Figure 4-7 and
is given by the expression:

f,(v) = (1/7) exp(-v/7) (4-1)
in which v is the mean landing velocity. The probability of a hard landing,

P{Hard Landing], is equal to the integral of fv(v) from the hard landing
threshold velocity, VHL ® to infinity--i.e., the shaded area under the tail in

Figure 4-7.
The PDF in Fiqure 4-7 is defined in terms of two unknown quantities, v
and Vi - The mean landing velocity v is expected to be quite small, probably

helow 1 ft/sec (recall that the vast majority of helicopter landings will be
normal, with touchdown velocities approaching zero). We can expect tht the
nhard landing threshold velocity, e will probably be less than the limit
load drop velocity of 6.3 ft/sec, but a more precise definition will require
measured landing velocity data from actual hard landings. This information is
not available in the civilian accident reports compiled by the FAA and NTSB.
However, Christ and Symes (1981) have estimated these velocities for hard
Tanding accidents of military helicopters; their findings are summarized in
Figure 4-8. Over 50% of the military hard landing accidents occured at impact
velocities less than 5 ft/sec. Assuning that these data are applicable to
civilian as well as military hard landings (in fact, it can be argued that
civilian hard landings will on average occur at Tower velocities than military
landings), the threshold velocity v,, in Figure 4-7 and Equation 4-1 will also

be less than 5 ft/sec,

HL
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Having this upper bound for v, , the exponential PDF parameter v can be
estimated., Computed values of v for VL ranging between 1 and 5 ft/sec and
P[Hard Landing] ranging between 10°> and 10™% are summarized in Table 4-4. As
indicated in the table, v is relatively insensitive to P[Hard Landing]. The
value of V is more sensitive to VHL» but v still is limited to the narrow
range of approximately 0.2-0.5 ft/sec, with 0,35 ft/sec being a reasonable
best estimate.

The definition and calibration of the PDF given by Eq. 4-1 makes possible
a rational reliability analysis of helicopter landing loads; this analysis
will be described in more detail in the next section. However, it must be
remembered that we have assumed the functional form for the PDF. Moreover, we
have calibrated the PDF parameter based on very limited data confined to the
tail of the distribution. In order to gain more confidence in this PDF,
additional landing velocity data are required, especially for low velocity,
i.e., normal, landings. This additional data will permit the verification of
the assumed PDF functional form as well as enable a more accurate estimate of
the mean velocity parameter v.

4.4.3 Formulation of Reliability Model for Hard Landing Loads
Given the concept of an "n-year hard landing load" and a PDF for landing
velocities, the formulation of a reliability model for hard landing loads is

relatively straightforward. The major steps in the derivation are as follows:

1. From the PDF for landing velocities, determine a design velocity (vD)
that has a probability of 1/n of being exceeded within any one year;
vp will be a function of the mean landing velocity (v) and the number
of helicopter operations on the landing surface per year (m).

2. Convert vp into an equivalent landing gear load; given the idealized
gear load vs. time behavior shown in Figure 4-5 and an estimate of
the peak load duration (t, ), the peak gear load (Fp) can be
determined from a simple momentum analysis.

3. Apply an appropriate dynamic load factor (DLF) to the landing gear
load to obtain an equivalent static design load, which can be
converted to a hard landing load factor (LF).

In this analysis, the variables influencing the LF include: v, the mean
landing velocity, which in turn is affected by the assumed PDF form, VHL and
P[Hard Landing]; n, the design life of the heliport; m, the number of

37

MU A g i arat el pih sS4 abd-aill - ol gid “aBEKS

A

. - PRI TR PRI - e . RN T R o T e e
- P A I} skttt Lot Con P o U 0 AT e et a st At a e atata




™) Padie - oAy

Table 4-4 Mean Landing Velocity vs. Hard Landing
Threshold Velocity and Probability of
Hard Landing for Assumed Exponential
Frequency Distribution

HL P[Hard Landing]

(ft/sec) 1 x 107° 5 x 1077 ]

T0.09 0.10 07
0.17 0.20 0.22
0.26 0.30 0.33
0.35 0.40 0.43
0.43 0.50 0.54

aNPow N
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operations per year on the landing surface (it is assumed that half of these
operations are landings and the other half are takeoffs); t;, the peak load
duration for the assumed gear load vs. time history; and DLF, the structural
dynamic load factor, which is a function of td and the natural period of the
landing surface (7). The reliability analysis derivation will be limited to
the determination of the total hard landing load; the distribution of this
Toad through the various components of the landing gear will be discussed
later,

Design Velocity. The design landing velocity, v

D’ is defined as that
landing velocity having a probability of exceedence of 1/n during a single
year. Alternatively, this definition states that the probability that all
landing velocities during the year are less than Vo must equal (1-1/n). Given
the exponential PDF for landing velocity in Eq. 4-1, the probability that a
single landing velocity is less than v, can be expressed as:

u

PLv < v, for single landing] Fy(vp) (4-2a)

1 - exp(-vD/V) (4-2b)

i

Assuming that landings are independent events, the prabability that all
landing velocities in a year are less than Vp can be expressed as:

(Fy(vg) 1™ (4-3a)

Plv < vy for all yearly landings]

"

(1 - exp(-vD/V)]m/2 (4-3b)
Setting Eq. 4-3b equal to the desired probability level yields:

Plv < vy for all yearly landings]} = [1 - exp(-vD/V)]m/2 =1 -1/n
(4-4)
in which m is the number of operations at the landing surface per year
(assuming that one half are landings). Solving for Vp gives the required
design landing velocity:

vp = -7 nl1 - (1-1/n)2/™) (4-5)
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Figure 4-9. Variation of Design lLanding Velocity with Operations per Year
and Assumed Mean Landing Velocity
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Figure 4-9 illustrates the variation of vp with m for various combinations of

n and V. For most cases, vy lies between the limits of 2.0 and 6.0 ft/sec.

The design landing velocity is strongly dependent upon the number of

operations per year (m), only moderately sensitive to the assumed mean landing

velocity (v), and relatively unaffected by the design life of the heliport (n).
Equivalent Gear Load. The landing gear load corresponding to the design

landing velocity given by Eq. 4-5 can be estimated using a simple momentum
analysis. Considering the idealized gear load vs. time curve shown in Figure
4-5 and ignoring the response past the peak 1oad plateau, the impulse-momentum
relation at landing is given by:

Ft., =My

p d (4'6)

D
in which M is the mass of the helicopter. Since M equals MGW/g, where g is
the acceleration of gravity, Eq. 4-6 can be rearranged as:

Fo = (M&W)vp/(t49) (4-7)

As discussed previously, studies by Sikorsky have determined that ty is
on the order of 0.25 to 0.3 seconds for wheel-gear helicopters under limit
load drop test conditions (Figure 4-1). Although the value for td will vary
from one model to the next, the Sikorsky estimate is probably representative
for all wheel-gear helicopters. At landing velocities less than the limit
Toad drop velocity (approximately 6.3 ft/sec), ty will likely increase;
nonetheless, we will use the limit load drop test values for td as a
conservative approximation.

A corresponding range of td for skid-gear helicopters can be estimated by
comparing the peak gear loads measured during 1imit load drop tests for both
wheel-gear and skid-gear configurations. Under the same limit load landing
velocities, two helicopters having the same landing weight (mass) will have
the same landing momentum. This can be expressed as:

(4-8)

(Fptg/MGW) = (Fpty/MGH)

wheel-gear skid-gear

Using the averages of columns 7 in Tables 4-1 and 4-2, Eq. 4-8 becomes:
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1.28(t

= 1.47(t,)

d)wheel-gear skid-gear

Rearranging Eq. 4-9:

= 0.87(ty) (4-10)

(‘d)skid-gear wheel-gear

The range of td=0.25—0.3 seconds for wheel-gear helicopters translates to a
range of approximately 0.22-0.26 seconds for skid-gear aircraft.
overall range for ty of 0.20-0,30, with a best estimate of 0.25 seconds, can

Thus, an

be assumed to adequately represent all helicopter landing gear configurations.

Hard Landing Load Factor. As described in Section 4.4.2, the landing

gear dynamic load must be multiplied by a dynamic load factor (DLF) to convert
it to an equivalent static structural load for design purposes. The upper
bound for the DLF for the idealized loading described in Figure 4-5 is 2.0,
and as also described previousiy, many helicopter landing surfaces may have
natural periods sufficiently short relative to the duration of the gear
loading to attain this upper bound. Therefore, we will make the conservative
assumption of DLF=2.0 for all landing surfaces in our analysis.
Multiplying the peak gear load from tEq. 4-7 by the DLF yields the

following expression for the equivalent static design load, FD;

Fp = 2(MGW)VD/(td9) (4-11)

This design load can be converted to the hard landing load factor, LF, by
dividing Eq. 4-11 by the MGW of the helicopter:

LF = FD/MGw = 2vD/(tdg) (4-12)
Combining this equation with Eq. 4-5 produces:
LF = -23/(ty9) In(1 - (1 - 1/m)?/™) (4-13)

Since n will be on the order of 20 to 50 years for most helicopter landing
surfaces, 1/n will be small and Eq. 4-13 can be simplified using the binomial
expansion:
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LF é"-29/(tdg) Inf2/(mn) ] (4-14)

The quantity mn represents to total number of operations over the lifetime of
the landing surface. Defining this quantity as N:

LF ¢ -2¥/(t49) 1n[2/N] (4-15)

Equation 4-15 is the reliability-based expression for the hard landing load
factor for heliport structural design, Note that Eq. 4-15 is limited to LF
values greater than or equal to 1.0. Values for LF less than 1.0 imply that
the hard landing load, in reliability terms, is less than the static weight of
the helicopter; in this case, the static helicopter l1oad is clearly the
critical design condition.

4,4.4 Results from the Reliability Model

The hard landing load factor defined by Equation 4-15 is a function of
three variables: the mean landing velocity, v; the duration of the peak gear
load, td; and the number of operations over the lifetime of the landing
surface, N. The ranges and best estimates for these variables have already
been discussed; they are summarized in Table 4-5, Equation 4-15 is also

predicated on the assumption of an exponential PDF for landing velocity and
the idealized gear load vs. time curve in Figure 4-5.

Similar to the case for the design landing velocity, LF is most sensitive
to the number of operations on the landing surface. Figure 4-10 shows the
variation of LF with N for the best estimate values of ty and v (as defined in
Table 4-5). For all levels of operation, LF is less than the current FAA
recommendation of 1.5, confirming the suspected conservatism of the FAA
guidelines. For fewer than 200 thousand lifetime operations, the reliability
analysis indicates that the static dead weight of the helicopter will be the
critical design condition, with LF=1.0. At 10 million lifetime operations,
the LF is still less than 1.35.

Figure 4-11 shows the influence of v on LF. For the minimum estimate of
v, LF remains constant at 1.0 through 10 million operations. For the maximum
estimate of v, LF becomes greater than 1.0 at 6500 operations and exceeds the
FAA guideline at 350 thousand operations. A similar plot showing the
influence of td on LF i1s given in Fiqure 4-12; td has a less severe effect on
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Table 4-5., Estimated Values for Parameters Influencing Hard Landing
Load Factor (Equation 4-15)

Estimated Estimated Best
Parameter Minimum Max imum Estimate
v 0.2 ft/sec 0.5 ft/sec 0.35 ft/sec
ty 0.2 sec 0.3 sec 0.25 sec
N N.A. 5 x 10° N.A.

Note: ¢ = 32.2 ft/sec2
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o LF, at least within the range of values considered. For the minimum estimate
of tys LF becomes greater than 1.0 at 2 million operations and remains well
below the FAA guidelines. For the maximum estimate of td, I.LF becomes greater
than 1.0 at 18 thousand operations and exceeds the FAA guideline at 2 million
operations.
Conclusions drawn from these results from the reliability analysis are
summarized as follows:
1. For all practical purposes, the reliability-based LF is smaller than
the current FAA recommendations. The only exceptions to this occur
at large numbers of operations for the extreme 1imits of td and v.
However, the conservative assumptions embedded in the reliability
analysis--e.g., the assumptions that P[Hard Landing at HeliportiHard
Landing] = 1.0 and DLF = 2.0 for all cases--reduce the likelihood of
these high LF values. Furthermore, heliports having large numbers of

6 operations will primarily be large, commercial facilities; it is
likely that the hard landing statistics for these types of facilities
will be more favorable than the general civilian and military

, statistics used in the present study.

a 2. Below approximately 10,000 lifetime operations, hard landings cease
"f to be the critical loading condition, and the static (parked) weight
éﬂ: of the helicopter governs the structural design, with LF = 1.0,

N 3. In general, the results from the reliability analysis confirm the
#!ﬂ adequacy of the current FAA guidelines. The FAA recommendations

’ appear to be only slightly conservative for heavily used heliports,
although the conservatism increases for more lightly used facilities.

AR

4, More data are required to narrow the ranges for td and especially for
V. More precise definitions of these variables will add confidence
- to any proposed reduction in the current FAA hard landing load
f{? guidelines.
-
@ 4.5 Additional Comments on Hard Landing Load Magnitudes
The results from the reliability analysis of hard landing loads suggest
that the current FAA guidelines are adequate for high volume heliports but may
» be conservative for less frequently used facilities. The available data are
r’ not sufficient, however, to permit a precise specification of a reduced hard
;i landing load factor for these lower volume landing surfaces. To put the issue
o
L_‘%; 48
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of hard landing load factors into a proper perspective, it is instructive to
consider the structural design consequences of different load factor
magnitudes.

Consider the following typical structural layout for a new rooftop
heliport, The landing structure is assumed to consist of 6 in. thick
reinforced concrete one-way slabs with a width of 25 ft. and a span of 20 ft.;
the slabs are supported on steel girders 25 ft. long. Further assume that the
slabs and the long support girders are simply supported. The only live load
assumed to act on the structure is a Bell 214ST helicopter, MGW=17500 1bs.,
treated as a single concentrated load acting at the center of the support
girder. The minimum live 1o0ad will thus be the static weight of the
helicopter; a simple design calculation indicates that a W18x35 steel section
will be required for the support girder. Considering a maximum live load
equal to the FAA recommended hard landing load, a similar design calculation
indicates that a W21x49 steel section will be required. Even under these very
conservative design assumptions, the difference between the minimum load
condition and the FAA hard landing load condition produces only a 40% increase
in the steel required for the support girder.

Of course, all structural steel designers are interested in minimizing
the amount of steel in their designs and would thus be eager to reduce this
40% hard landing “penalty". Note, however, that this 40% increase occurs only
in the structural components most directly affected by the helicopter loads,
i.e., the girders (and slabs) locally supporting the landing surface. As we
progress farther from the landing surface, the influence of the helicopter
loads on the overall loads for the various structural components will
decrease, and the increase in steel (or reinforced concrete) to withstand the
hard landing loads will also diminish in percentage terms. The implication of
this argument is that the increase in overall structural cost due to the hard
landing loads is comparatively small. Moreover, this increase in structural
cost is likely to be insignificant compared to the total cost of the entire
heliport.

Although the increase in cost associated with a load factor of 1.5 vs.
1.0 may be comparatively insignificant for new construction, there is one very
important area where the precise magnitude of the load factor is critical:
retrofitting of heliports or helistops on existing structures. The decision
to constuct a heliport or helistop on the roof of an existing building will
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usually depend on whether the existing building structure has enough excess
load capacity to sustain the additional loads imposed by the helicopter;
increasing the load capacity to an existing building structure is usually too
costly to be feasible. It is conceivable that there are many existing
structures with enough excess load capacity to sustain a hard landing load
factor of 1.0 but not enough to sustain a factor of 1.5. Thus, a precise
determination of the correct hard landing load factor is critical for these

projects.

One final comment must also be made regarding the magnitudes of hard
landing loads. All existing design guidelines are based on experience with
helicopters currently in service. Similarly, our reliability analysis for
hard landing loads is also based to some extent on the characteristics (e.g.,
hard 1anding accident probabilities) of current helicopters. Advanced
rotorcraft concepts presently under development will likely differ sharply
from current rotorcraft models. Any design recommendations based on past
experience must be applied cautiously to these new aircraft. Fortunately,
most of the advanced rotorcraft concepts concern aerodynamics rather than
landing gear, and therefore it is probable that future helicopter designs will
exhibit hard landing characteristics broadly comparable to existing aircraft.

4,6 Distribution of Landing Loads Through Landing Gear Components

The reliability analysis described in the preceding section focused on
the total load imparted to the structure by the helicopter during a hard
landing. This total load will, in general, be divided among the landing gear
components (i.e., main gear, nose gear, tail gear, etc.). Landing load
distribution recommendations in existing heliport design guidelines typically
specify an equal split of the hard landing load through the main gear (FAA) or
a distribution in the same proportion as the distribution of static weight
(LaDOT, ICAO).

A more rational analysis of the distribution of landing loads through the
tanding gear will require a coupled structural and aerodynamic analysis of the
helicopter-structure system. This is a very complex problem requiring
detailed knowledge of the landing gear and landing surface deformation
characteristics, rotor 1ift forces, mass distribution of the helicopter, and
landing approach attitude and speed. It is unlikely that a simplified,
approximate analysis having general validity can be developed for this problem.
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Given these analytical difficulties and the lack of any measured data for
landihg load distributions, the safest approach is to continue use of the
recommendations in the existing design guidelines. These recommendations are
based on experience at operating heliports; at this time, this experience

represents the best data available,

4.7 Design of Landing Surface Against Punching Failure

In addition to withstanding the overall bending moments, shear forces,
and axial loads caused by helicopter hard landings, a heliport landing surface
must also sustain the local punching shear forces directly under the landing
gear. This will be a concern only for rooftop and elevated landing surfaces;
pavement foundations eliminate the punching shear problem for ground level
landing surfaces. Design for punching shear is treated in all of the standard
structural design codes (e.g., American Institute of Steel Constructors,
American Concrete Institute). However, the simple analysis described below
demonstrates that punching shear failures beneath a helicopter landing gear
will not, in general, be the critical design consideration.

The most severe case for punching shear failure is a heavy helicopter
equipped with a landing gear having a small contact area. Since skid gears
have much smaller contact areas than wheel gears, the largest current
skid-gear helicopter, a Bell 214ST having a MGW of 17,500 1bs., will be used
for our example analysis. One difficulty with skid gear helicopters is that
the gear contact area is poorly defined. Bell recommends that the footprint
of the crosstube saddle, shown in Figure 4-13, be used as the gear contact
area; this probably is a conservative assumption (i.e., the actual effective
contact area is likely to be considerably larger). Using Bell's contact area
recommendation, the current FAA hard landing load g delines, and the
assumption that the punching shear failure planes drop vertically from the
edges of the gear contact area, the punching shear stresses, s, on the
potential failure planes can be expressed as:

s = 1.5 (MGW/2) / [(2B + 2L)d] (4-16)

in which d is the landing surface thickness. Substituting numerical values
for our example analysis yields:
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s =591.7 / d (psi) (4-17)

For an adequate structural design, s must be less than the allowable
shear stress for the landing surface material, For A36 steel (standard
structural steel), the allowable shear stress is 14,400 psi and thus a plate
thickness of 0.04 in. is required; this is clearly much thinner than the
actual plate thickness used in all existing heliport landing decks. For a
concrete slab with a 4000 psi compressive strength and no shear reinforcement
(the usual case for slabs), the allowable shear stress is approximately 120
psi, and thus a slab thickness of 4.9 in, is required. This thickness
approaches, but is still likely less than, the slab thickness required to
resist the overall slab bending moments. Local shear reinforcement, designed
according to the standard ACI code procedure, may nevertheless be required.

A problem somewhat related to punching shear is rutting of flexible
asphalt pavements under skid gear. This rutting problem was one of the few
problems cited by heliport owners and operators in our survey. Rutting is not
an instantaneous punching-shear type of phenomenon, however; rather, it is the
product of time-dependent, viscoplastic deformation under constant load (a
skid gear, in the case of heliport pavements). The best solution to this
problem is to specify a rutting-resistant asphalt mix design; for high volume
landing facilities, rigid portiand cement pavements should be used in lieu of
asphalt. Rutting may also pose a problem for turf landing surfaces, but these
landing facilities are generally limited to very low volume operations.

5. DOWNWASH PRESSURES

Analogous to the general increase in wing loading for fixed-wing
aircraft, helicopters have become heavier and faster with corresponding
increases in disk loadings (Fradenburgh, 1958). With the increase in disk
Toads comes increased downwash velocities, which may be a concern in the
design of some heliports. As most operational problems will occur when the
helicopter is in the proximity of the landing pad, knowledge of downwash
velocities and resulting horizontal and vertical downwash pressures during
landing/takeoff operations are of particular concern.
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TABLE NO. 23-C—MINIMUM ROOF LIVE LOADS'

TABLE 5-1. UNIIFORM Bl]ll,l)lN(j CODE MINIMUM ROOF LiVE LOADS

L SENC ML At e £

CRAA R PR o

hd

METHOD 1 METHOD 2
TRIBUTARY LOADED AREA IN
SQUARE FEET FOR ANY RATE OF | MAXIMUM
STRUCTURAL MEMBER REDUC. REDUC
UNIFORM TION ¢ TION R
ROOF SLOPE 010 200 20110600 ] Over 600 LOAD (Percent) | (Percent)
1. Flat or rise less
than 4 inches
per foot. Arch
or dome with 20 16 12 20 08 40
rise less than
one-eighth of
span

2. Rise 4 inches
per fool to less
than 12 inches
per foot. Arch
or dome with 16 14 12 16 06 25
rise one-cighth
of span 10 less
than three-
eighths of span

3 Rise 12 inches
per foot and
greater. Arch
or dome with 12 12 12 12
rise three-
cighths of span
or greater

-
-~
)
»

4. Awnings except No Reductions
cloth covered’ Permitied

5. Greenhouses,
lath houses and t0 10 10 0
agricultural
buildings

'Where snow loads occur, the roof siructure shall be designed for such loads
as determined by the Building Official. See Section 2305 (d). For special
purpose roofs, sce Section 2305 (¢).

'Sec Section 2306 for live load reductions. The rate of reduction r in Section
2306 Formula (6-1) shall be as indicated in the Table. The maximum reduc-
tion R shall not exceed the vatuc indicated in the Table.

'As defined in Section 4506.
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5.1 Vertical Downwash

Vertical downwash pressures can be taken as approximately eqgual to the
disk load, (disk load = thrust/ (3.14 x {rotor radius)z), which may range from
2.2 - 10.3 1b/ft2 for a Rotorway Scorpion and Sikorsky Skycrane, respectively.
As the majority of helicopters regularly flown weigh less than 6000 1b (FAA
category A), typical disk loads are more commonly on the order of 4-6 lb/ftz.
For the Sikorsky S-76 (10,300 1b MGW), the disk load is 6.8 lb/ftz, still well
below the Uniform Building Code (UBC) minimum design roof load of 12 lb/ft2
(Table 5-1),

5.2 Horizontal Downwash

Although vertical downwash pressures are not a critical structural
loading condition, horizontal downwash pressures may be important in heliport
design, particularly in urban areas where real estate is limited and expensive
and structures may therefore need to be located close to the landing pad. Of
primary concern is the maximum horizontal wind velocity and resulting wind
loads.,

Utilizing model and full scale data, maximum horizontal ground velocities
(and therefore pressure, i.e. wind loads) can be determined for any disk load
at any distance from the rotor hub. A detailed discussion of the horizontal
velocity and pressure distribution is described below.

To determine horizontal velocity and its attenuation with distance from
the rotor hub, both model and full scale data were studied. Model tests
(Fradenburgh, 1958) were conducted with a 2-bladed, 2 ft-diameter rotor
operating at a tip speed of approximately 600 ft/s. The rotor drive shaft was
located above the rotor, thus providing unrestricted downward flow.
Instrumentation consisted of rakes of conventional total and static tubes
located at several positions below the rotor and on the ground, as well as
static pressure taps in the ground surface. Velocity profiles were measured
near the ground at three radial stations outboard of the blade tips. Maximum
horizontal velocities twice the magnitude of the vertical velocity were
measured at 1.5 radii from the center of rotation and at a rotor height-rotor
radius (Z/R) ratio of 0.5, which corresponds to a helicopter with its landing
gear on the ground. Therefore, the model data indicate that maximum
horizontal velocities occur very near the ground surface at a distance of
about 1.5 radii from the rotor hub and are approximately twice the vertical
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velocity, VO’ where

Ve
DL
v = (5-])
0
2151
where DL = disk load

PSL = density of air at sea level

As part of a Corps of Engineers Waterways Experiment Station research
effort (Leese, 1972; Leese and Knight, 1974; Leese and Carr, 1975) to predict
the effect of rotor downwash on the ground surface and operating personnel,

horizontal velocities generated by various Army helicopters were measured
along and up to 6 ft above the ground surface. Measurements of downwash

velocities during various operational modes were collected for OH-58A, OH-6A,
° AH-1G, UH-1H, UH-1M, CH-47 and CH-54 helicopters. The instrumentation array
consisted of a number of wind velocity sensors mounted on vertical frames to

—

e 4

obtain horizontal downwash velocities at 1 ft intervals up to a height of 6 ft
above the ground.

Maximum horizontal velocities were measured at 0.3 ft above the ground at
2/R and X/R ratios of 0.5-0.75 and 0.9-1.7, respectively. As noted above, a
Z/R ratio of 0.5 corresponds to a helicopter with its landing gear on the
ground; X is the horizontal distance measured from the center of rotation.

The Z/R and X/R ratios at which maximum velocities were measured in the full
scale tests compare favorably with the model data, which recorded maximum
velocities at Z/R = 0.5 and X/R = 1.5.

As seen in Figure 5-1, the full scale velocity for any disk load is

approximately 1.5 times that predicted by the model data. It is reasonable to

assume that the air flow beneath the model rotor is not impeded in any way as

is the case for the full scale air flow, In the model, the flow contracts as

it accelerates downward to a final wake diameter of about 71% of the rotor

e diameter., However, for the full scale velocity, the body of the helicopter
forces this wake diameter to spread outward beyond the predicted 71% wake

‘ diameter; hence, a higher velocity is measured.

Shown in Figure 5-2 is a plot of horizontal velocity-to-maximum

° horizontal velocity ratio vs. distance from the rotor hub based on full scale
? data. This plot corresponds to a Z/R value of 0.5; i.e., when the landing
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gear is on the ground. Based on the model and full scale data, the maximum

horizontal velocity is defined as follows:

, Y
| 4DLJ ¢
LfEL

where the terms are as previously defined.

WV ax

(5-2)
As is illustrated in Figure 5-2,
the maximum horizontal velocity occurs at a distance of 40-50 ft from the
rotor hub but drops off very quickly with increasing horizontal distance from
the hub,

Given the maximum horizontal downwash velocity and the variation in
velocity with distance, the horizontal wind load as a function of distance
from the helicopter can be determined.

The total pressure ,P_, is made up of

0’
static and dynamic components and can be expressed as follows:

f@L(HV)Z
4 | ——
2

P =p

o (5-3)

where E = static pressure
(gL(HV) ]
—_— = dynamic pressure
2
HV = horizontal velocity
P0 = stagnation pressure (total pressure felt by the structure)

For X/R > 1.5, the static downwash pressure is negligible; hence the resulting
wind load is equal to the dynanic pressure. From equation 5-2 the wind load

for this condition may be expressed in terms of the disk load as follows:

PSL(HV)Z]
| —

P0 =P (5-4)
2
since P=20
. |
)| 4oL z
and HV = (Ryy)°| — (Ryy, = ratio of HV/HV
W e i n Figure 5-2) ™
o, 1 [4DL ~
2§ LG
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‘ or: P o= 7 x (RHV;' v DL {h-5)

Shown in Figure 5-3 is the computed PO/DL vs. X/R for a helicopter with
1ts landing gear on the ground. As 1ndicated by the figure, there is very
good agreement between the full scale and model data. Figure 5-4 15 an
envelope curve representing the maximum PO/DL at any X/R value. As illus-
trated i1n Figures 5-3 and 5-4, the maximum pressure of about 2,2 x DL occurs
at an X/R value of 1.5 but decreases rapidly with increasing values of X/R. A
disk Toad of 9.78 1b/ft? (CH-54 at 39,800 Ib) yields a wind load of 20 Ib/ft?,
which exceeds the allowable wind pressures specified by the Uniform Building
Cude for certain height zones in specific geographical areas (Table 5-2).
However . the use of a CH-54 is generally limited to military appliications
#here 1t is uniikely that wind load will be a major consideration, Perhaps
more 10gical choices to demonstrate the magnitude of the wind loads are a Bell
Long Kanger or Sikorsky S-76, which produce wind loads of 7.5 1b/ft2 and 14
?D/ftz, respectively, both well within the UBC specifications.

Shown in Figure 5-5 is the variation in P /DL as a function of X/R for
tne //R values of 0.5, 1.0 and 1.5, which correspond to the following
neiicopter positions with respect to the ground surface: landing gear on the
yround, 1n ground effect, and completely out of ground effect, respectively.
From this fiqure it should be noted that the maximum or critical PO/DL value
does not always occur when the helicopter is on the pad. At X/R of 1.5 the

4 m4X1mum PO/DL occurs when the landing gear 1s on the ground; however, at X/R

of 2.5 the maximum PO/DL occurs when the helicopter is completely out of

r. jround effect, Accordingly, one may gleen from Figure 5-5 that the maximum
PO/DL is dependent upon both the X/R values and the relative height of the
helicopter above the grcund surface. To clarify this concept, the envelope
curve in Figure 5-6 has been drawn to show the maximum PO/DL for any Z/R at

e any X/R, thus eliminating the need to consider the relative height of the

helicopter with respect to the ground surface.

Shown in Figures 5-8 through 5-10 are P /DL ratios as functicns of
elevation H/R for various Z/R values at the X/R values of 1.5, 2.4 and 3.4

v

¥

-y

e respectively. (A sketch clarifying the geometrical notation used for Figures
5-8 through 5-10 is included as Figure 5-7.) From these drawings it may be
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TABLL 5-2. UNIFORM BULLDING CODE WIND LOADS

TABLE NO. 23-F--WIND PRESSURES FOR VARIOUS HEIGHT

ZONES ABOVE GROUND'
WIND-PRESSURE-MAP AREAS
HEIGHT ZONES | ______ (pounds per square foof)
(in feet) 20 [25 T a0 F 35 | 40 5 50

Less than 30 15 20 25 25 30 R 40
30to 49 20 125 [ 30 | 35| 40 | 45 | 50
50 to 99 25 30 40 45 | 50 55 60
100 to 499 30 40 45 55 60 | 70 75
500 to 1199 35 145 [ 55 | 60 | 70 | 80 90
1200 and over 40 1 30 | 60 ] 70| 80 | 90 |-100

'See Figure No. 4. Wind pressure column in the table should be selected which
is headed by a value corresponding to the minunum permissible, resuftant
wind pressure indicated for the particutar locality.

The figures given are recommended as mimimum. These requirements do not
provide for tornadocs.

TABLE NO. 23-G—MULTIPLYING FACTORS FOR WIND
PRESSURES—CHIMNEYS, TANKS, AND SOLID TOWERS

HORIZONTAL CROSS SECTION FACTOR
Square or rectangular 1.00
Hexagonal or octagonal 0.80
Round or elliptical 0.60

(R .11 '
e santa ans wmos HEa ALLOWABLE RESULTANT. o
=% cumoon wiwps . 3 WIND PRESSURES i -
254 COLUNDIA AIVER CONGE WwiNDS COMBIMED INWARD AND OUTWARD PNLISUALS V-
.o ¢ ON [XTCNION SURFACES OF ORDINAAT SQUARL
o WASATCH WOUNTAIN winOS \ BUILDINGS AT 30 FIET ABOVE GAOUND Id |

100 . - . 20° T 2 IOL N 19°

FIGURENO. 4
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Z
I f 1.5R 24R 3.4R
| r__ X— I !
H

R = Rotor radius

Z = height of rotor above ground

X = horizontal distance from center of rotation
H = height above ground

FIGURE 5-7. VELOCITY PROFILES ALONG THE GROUND
(FROM FRADENBURGH, 1958)
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FIGURE 5-8. PRESSURE DISTRIBUTION NEAR THE GROUND
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PRESSURE DISTRIBUTTION NEAR THE GROUND
SURFACE FOR X/R = 2.4
(FROM FRADENBURGH, 1958)
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FIGURE 5-10. PRESSURE DISTRIBUTION NEAR THE
GROUND SURFACE FOR X/R = 3,4
( FROM FRADENBURGH, 1958)
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seen that horizontal downwash pressures may be high, but they are also very

localized, As illustrated in Figures H-8 through -10, the measuroed
horizontal downwash pressures reach o peak value of 2 x DL at the groeung
surface but decrease rapidly with height above the yground. For example, in
Figure 5-8 for Z/R = 0.5, the measured horizontal downwash pressure at H/R =
H/R =

This same trend of higher localized

0, i.e., the ground surface, 15 2 x DL; at 0.2 however, the horizontal
downwash pressure is almost zero.
horizontal downwash pressures near the yround surface is shown in Figures 5-9
and 5-10,

only 1,0 - 1.1 x DL and diminishes rapidly with increasing height above the

In Figures 5-9 and 5-10, maximun pressure at the ground surface is

ground surface,

In conclusion, both full scale and model data indicate that maximum
fiorizontal ground pressures may approach 2.0 - 2.2 x DL but drop off quickly
with increasing distance from the rotor hub, For the more commonly flown
helicopters in the civilian fleet (eq. Bell Long Ranger, Sikorsky S-76), wind
loads may be on the order of 7-14 1b/ft2, well within the UBC specifications
for wind loads for structures. Survey responses, as noted in Appendix B,
indicate that operational problems associated with rotor downwash are limited
to the scattering of roof gravel and helicopter exhaust fumes entering rooftop
circulation vents. Accordingly, rotor downwash will not be a critical load
condition in the structural design of heliports.

All course, all of the discussion of downwash pressure distributions in
this section is based on data from current, conventional helicopter models.
[t is likely that proposed advanced rotorcraft designs based on the X-wing,
ABC, and tilt rotor concepts may exhibit significantly different rotor
acrodynamics and therefore significantly different downwash pressure
characteristics. However, any modification of the relations described in this

section must await measurement data for these advanced concepts.

6. STRUCTURAL VIBRATIONS

MNeither the heliport consultant; and operators contacted by phone during
Task | nor the survey responses of Task 2 indicated any significant problems
due to vibrations. In addition, we were unable to find any literature
references to this problem, although the topic of vibrations within the

helicopter itself has been extensively studied.
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Although not an issue for ground level landing pads, vibrations may be
cause for concern for rooftop and elevated heliports, Problems caused by
vibrations may be categorized as those related to structural integrity
(overstress of structural members due to dynamic effects of vibrations), and
serviceability (cracking of plaster and decorative masonry panels and
annoyance of humans using the facility). Vibrations of the helideck may be
caused by landing impact, machine vibrations transmitted through the landing
gear, and rotor downwash.

As landing loads are not cyclic loads, vibrations resulting from landing
impact are not a major concern; ie., resonance of the structure is not a
problem. Moreover, the dynamic structural effects of hard landing impact are
already considered in the impact or hard landing load factor, -which is
intended to reicopter such that it literally "touches down," and
there is no "impact" to be perceived by building occupants. Since hard
landings are abnormal events, it is recommended that there be no special
design criteria for hard-landing impact vibrations beyond those already
incorporated in the dynamic load factor.

Vibrations transmitted through the gear typically occur during idle prior
to takeoff and after landing. As the magnitude of the excitation force is
small, vibrations are likely to be a problem only if resonance of the
structure is reached. The occurrence of resonance depends on the excitation
period, which is a function of the rotor shaft speed, and the response period,
a function of the stiffness and mass of the structure. To estimate the
likelihood of resonance occurring, one can consider the normal range of rotor
speeds (rpm) and maximum response period of the structure. With helicopter
rpm's ranging from 50-400 (350 being the optimal shaft speed) and the longest
structural period for the landing surface of approximately 0.25 seconds, one
observes in Figure 6-1 that resonance may occur under certain conditions,
This resonance will likely be only a transient condition as the rotor
accelerates/decelerates to/from maximum operating RPM, however. Furthermore,
the dynamic load factors will not be as high as those shown in Figure 6-1
because structural damping, which is difficult to quantify, has not been
incorporated in this analysis. For structures in which the occupants and/or
contents are particularly sensitive to vibrations, the designer may choose to
utilize some type of vibration isolation system (e.g., a "floating" slab for
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the landing pad) similar to floating slab systems commonly used in Subway rail
systems,

The last component of induced structural vibrations in heliports is that
generated by rotor downwash during takeoff and hover. The detailed model
study by Fradenburgh (1958) described in the preceding section showed that
most of the air for a rotor in ground effect is stagnant, i.e., there is no
pulsating pressure field below the rotor, except near the edges of the rotor
where 1t is of small amplitude. This pulsating pressure field near the rotor
edges occurs only when the rotor is in ground effect and generating maximum
downwash pressure at a peak operating speed of approximately 350 rpm.
Excitation frequency in this case is the shaft rpm multiplied by the number of
rotor blades per revolution, For 2-5 rotor blades at 350 rpm, the excitation
freqguency is 12-30 Hz and the excitation period is 0.03 - 0.08 seconds. As
this excitation period is considerably smaller than the response period (T =
0.25s), no Toad magnification or resonance is likely to occur. Accordingly,
downwash induced vibrations are not expected to be significant for the
helideck and supporting structure,

The conclusions in the two preceding paragraphs are based upon the
operating characteristics of current generation rotorcraft. However, they
should also hold for the advanced rotorcraft concepts currently under
development. In general, the advanced rotorcraft will produce vibrations
of smaller magnitudes with higher rotor shaft speeds and higher blade
velocities, Gear-transmitted vibrations may still cause a transient resonance
condition as the rotor accelerates/decelerates to/from peak velocity, similar
to generation rotorcraft. Rotor downwash-induced vibrations for advanced
rotorcraft will have a shorter period than current models, however, resulting
in even less likelihood of downwash-induced resonance of the comparatively
long natural period heliport structure.

In summation, the impact effects of hard landings are already considered
in the structural design. Although these vibrations may be disturbing to
building occupants in rooftop heliports, they are likely to be perceived only
in the abnormal event of a hard landing. Accordingly, no special design
criteria are recommended for these vibrations. Downwash induced vibrations
are not likely to be significant. Gear-transmitted vibrations may cause some
resonance of the structure but the loads are small and damping should reduce
the dynamic magnification somewhat. For added protection against vibrations,
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the designer may choose to isolate the landing pad on a "“flodating" slab system,

7. OTHER STRUCTURAL LOADING CONDITIONS

[t is the intent of this report to focus on the special loading
conditions influencing the structural design of heliports that are due
primarily to hard landings and rotor downwash. There dre, however, other
loading conditions to be considered, such as snow loads on rooftop or elevated
heliports and equipment loads on ground level pads. These loads are usually
specified by local building codes which are often based on national uniform
building guidelines such as the Uniform Building Code {UBC), Building
Officials and Code Administrators (BOCA), or by other government documents
such as the FAA Advisory Circular 150/5320-6C, “Airport Pavement Design and
Evaluation.” These other loading conditions are detailed in the following

sections,

7.1 Rooftop and Elevated Heliports

According to the UBC, snow loads may “be considered in place of the loads
set forth in Table 23-C (included here as Table 5-1), where such loading will
result in larger members or connections". Under normal heliport operating
conditions the snow is removed from the landing pad and placed along the
perimeter of the landing area such that the touchdown pad itself is not
actually loaded by snow. However, provisions should be made for possible
large accumulations of snow due to drifting. The hatched area in Figure 7-1
indicates regions where snow loads should be based on local information.

With respect to water accumulation the UBC states that the roof snould be
designed to support maximum loads including the possible ponding of water due
to deflection, The deflection criteria are specified in UBC Tables 23-D and £
{(included here as Table 7-1),

Determination of uniformly distributed live load for rooftop and elevated
heliports is analogous to that for floor design. Accordingly, heliports
should be designed for unit loads comparable to those set forth in UBC Table
23-A (Table 7-2); specifically, 40 psf. The rationale for this value is based
on several factors: The weight of the more common!y flown helicopters in the
civilian fleet (3500-7000 1b) is comparable to that of a private car, and a
distributed live load of 40-50 psf is commonly prescribed for parking garage

structures. Furthermore, many existing heliport design guides cite values
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TABLE 7-1.

TABLE NO. 23-D—MAXIMUM ALLOWABLE DEFLECTION
FOR STRUCTURAL MEMBERS®

MEIMBER LOADFD WITH
MEMBER LOADED WITH LIVE LOAD PLUS
| LIVE LOAD ONLY 0CAD LOAD
TYPE OF MEMBER (L) ( (Lt. + KD.L)
Roof Member Supporting | \
Plaster or Floor Mt-mlwri 1.7360 ] 1.7240

UNIFORM RITIT L NG CODE DEVLECTION CRUTERTA

‘Sutficient slope or camber shall be provided for flar rools i accordance
with Section 2305 (1)

L. - lLweload

D1 - Deadload

A Factor as determined by Table No_ 23-E

1 = 1.ength of member in same units as deflection

TABLE NO. 23-E—VALUE OF “K"

Unseasoned Seasoned"” REINFORCED CONCRETE? STEEL

10 } 03 12 120V 0A)) 06 Q

‘Seasoned lumber s lumber having a mossture content of less than 16 pereent
at ume of anstaitanon and used under diy conditions of use such as n
covered structures

‘Sec also Section 2608

AL 7 Areaof compression reintorcement
A = Arcaof nonprestressed iension renforcement
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TABLE 7-2. UNTFORM BULLDING CODI 1 1oOR DESTGN TOADS

TABLE NO. 23-A—UNIFORM AND CONCENTRATED LOADS

USE OR OCCUPANCY CONCEN
UNIFORM | TRATED
CATEGORY DESCRIPTION LOAD: LOAD
L Ammones _— - B T P A
2 Assembly areast and Faxed seatimy wreas o 50 R
auditonams and Moveahle seating and
hafconmes therewith viher areas 1L} ()
Lnetaredy L ERUALSURNY SIS L
Stupe arcas and
enciosed platforms 128 0
Vo Cormees, marguees
and readental
halconies 6H1) O
alities, pubie” ) ) 1K) O
5. Gatages General storage .
andlortepme ) 1K '
Pinvare pleasure car
s age SO '
6. Hospitals Wards and rooms 4 10007
il S SARLLELS A ildh b lad A SO B S A L
7. Librares Reading rooms 60 10!
o Stack rooms I SR AT R BTV 0K
Manutactuning I ht s 20007
) Heavy . 125 _1(!_&‘____4
B, Offices SO 2000¢
9. Printing plants | Pressrooms 150 2500°
Composing and
hnotype rooms 100 2000°
10. Restdential® 4 40 0
1. R ' T - I
. Rest rooms
o coetooms b
12, Reviewing stands,
grand stands and
bleachers N DL U B
13 Schools Classroomn S A0 oo
14, Sidewalks and
doveways T Pubbe decess 280 '
15, Storage L biphn i I S P T S
B Heavy S ST A N
16 Stores [ Retnl ] oas e
Wholesaie 1) N0

See Section 2306 Tor hive load reducuons

'See Section 236 (2), Nrst paragiaph, for area ol load appheation

'See Scetion 2304 (¢), second pataytaph, o concentated losds

*Assemnbly arcas toclude such oconpanaes s dance hadls, dodl fooms, gymnas
ums, playviounds, plasas, tenaes and  gmilar occupancies which are
generally accessible to the publa

‘Eaat faciies indude such uses wn conndors and extenor et baloomes,
starways, fire escapes and sumbae uses.

‘Residential oceupancies welude privade dwellings, apartments, and hote
®UCH rooms

Rest room toads shall be not less than the load tor the occupaney with which
they are asceuiatsd but need not exceed SO poands per square toot
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from 10-42 psf, indicating that live loads of this magnitude have bveen

successfully used in the past. Should any heavy equipment (ecy: maintenance,
repair, snow removal, etc.) he permanently stored on the elevated or rooftop
facility, the 40 psf figure should be increased as deemed appropriate by the

design engineer,

/.2 Ground Level Heliports
The FAA Advisory Circular AC 150/5320-6C provides guidance for the design

of airport pavements for fixed wing aircraft. As helicopter landing loads are

much less severe than those imposed by fixed wing aircraft, FAA AC 150/5320-6C
can also be used as a conservative guide for the design of heliport landing
surfaces.

The design of ground level airport pavements for light aircraft is
divided into three categories based upon the weight of the aircraft:

A) less than or equal to 12,500 1bs.

B) greater than 12,500 and less than 30,000 1bs,

C) greater than 30,000 Ibs.

For weight Classes A and B, flexible pavement thicknesses may be determined
from Figure 7-2 (FAA AC 150/5320-6C); rigid pavements for weiyht category A
require a minimum of 5 in. of Portland Cement concrete, and a minimum of 6 in,
are specified for cateqory B.

For airports serving aircraft with maximum gross weights in excess of
30,000 1bs. (Class C), the designer is referred to Chapter 3 of FAA AC
150/5320-6C. In either category, one should recognize that in many instances
the loads imposed by ground support vehicles (e.g., refueling trucks) may be
more severe than loads imposed by the aircraft.

The current FAA heliport design guide, FAA AC 150/5390-1B, has adopted 6
inches as the minimum requirement for rigid pavements for helicopters up to
20,000 1bs. maximum gross weight, based on the data derived from AC
150/5320-6C. However, given that helicopter loads are less severe than fixed
wing aircraft loads, we recommend that all of the provisions in AC 150/5320-6C
be followed for the design of nelicopter landing pavements. This will result
in pavement designs that are slightly less conservative than those specified
by the current heliport design guideline.
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7.3 Load Combinations

In view of the preceding sections, it is recommended that the heliport
landing and parking areas be designed tor the maximum stress induced by the
following:

Landing Pad

1) dead load plus hard landing load

2) dead load plus snow load plus MGW of the helicopter (case of

helicopter parked on landing pad during snowstorm)

3) dead load plus hard landing load plus snow load banked along 1

perimeter of operations area

4) dead load plus uniformly distributed live load of 40 psf <

Parking Area

1) dead load plus snow load plus MGW of helicopter(s)

2) dead load plus uniformly distributed live load of 40 psf

8. SUMMARY OF STRUCTURAL LOADING GUIDELINES FOR HELIPORT DESIGN

The following summary of loading guidelines is based on our review and
analysis of the current state-of-the-art of heliport structural design., This
summary is extremely condensed. The reader should consult the earlier
sections in this report for the detailed justifications for these

recommendations,

8.1 Hard Landing lLoads
1. For heliports with a moderate to high operation frequency, the hard

landing load recommendations in the current FAA guideline shouid
continue to be used. Moderate to high operation frequency is defined
here as more than 5,000 helicopter operations over the design
lifetime of the landing surface.

2. For heliports with a ‘ow operation frequency, no increase for hard
landing loads is required. The landing surface should be designed
for the maximum gross weight of the largest helicopter expected to
use the focility. Low operation frequency is defined here as fewer
than 5,000 helicopter operations over the design lifetime of the
landing surface.

Our study has indicated that the current FAA guidelines are slightly

conservative for heavily used heliports and become more conservative as the
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number of operations during the design life of the heliport decreases,
However, the present paucity of data on helicopter landing velocities makes it
difficult to apply with complete confidence the results from our reliability
analysis. Consequently, at this time it is unwise to reduce the current
guidelines for any but the most infrequently used facilities. As more data on
helicopter landing characteristics become available in the future, it is
expected that the hard landing load factor can be reduced for heliports having
a moderate operation frequency and that the dividing line between between law

and moderate operation frequency can be increased.

8.2 Downwash Pressures
1. Vertical downwash pressures will not be a critical loading condition.

For all current generation rotorcraft, the downwash pressures are
less than the minimum roof loads prescribed by standard building
codes.

2. In nearly all instances, horizontal downwash pressures will not be a
critical loading condition for heliport structures. The horizontal
downwash pressures for current generation rotorcraft are, with very
few exceptions, less than the design wind loads prescribed by
standard building codes. Downwash pressures may be locally large
near the ground close to the rotor radius; if these pressures must be
considered in the design of ancillary facilities at the heliport, the
methodology outlined in Section 5 can be used for their cailculation,
The downwash pressures for advanced, high disk load rotorcraft can,
as a first approximation, be extrapolated from the analysis presented

in Section 5,

8.3 Structural Vibrations
1. The structural effects of vibrations caused by hard landings are
already incorporated in the hard landing load factor, Since hard
landings are abnormal events, no additional design precautions are

required to minimize perceived hard landing vibrations in areas
adjacent to or below the landing surface.

2. It is possible that gear transmitted vibrations during full power
immediately before takeoff or after landing may cause resonance
within an elevated or rooftoup landing surface. The
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resonance-inducing vibrations will generally be short in duration and
small in amplitude and can thus be ignored for most structural
designs., For vibration sensitive structures, the designer should
perform a more detailed dynamic analysis of the structure and
consider including vibration-isolating details (e.g., floating slabs)
in the design,

3. Downwash-induced vibrations can be neglected in the structural design
of the heliport,

8.4 Load Combinations

The heliport landing surfaces should be designed for the most critical of
the following load combinations:

Landing Pad

1) dead load plus hard landing load

2) dead load plus snow load plus MGW of the helicopter (case of
helicopter parked on landing pad during snowstorm)

3) dead load plus hard landing load plus snow load banked along
perimeter of operations area

4) dead lead plus uniformly distributed live load of 40 psf

Parking Area

1) dead load plus snow load plus MGW of helicopter(s)

2) dead load plus uniformly distributed live load of 40 psf

9. SUGGESTIONS FOR FUTURE INVESTIGATIONS

AN OQur work under this subcontract has suggested several areas for further
> investigation;

@

ff, A. Continued work on helicopter hard landings

1) Better characterization of the landing velocity vs. frequency of

o occurence relation for helicopters. This will permit more

r' confidence in the results from our reliability model for hard
. landings.

%f: 2) Investigation of the effect of approach attitude and other

f factors on helicopter hard landing loads. The major purpose of
g'. this study will be to determine whether there is any approach
a attitude that produces higher structural loads than the "“load
-
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through two main gear" condition. This study will require Lhe

analysis of both the helicopter dynamics and the structural
response of the landing area.

3) Development of a more rational melhod for determining the landing

gear contact area for skid gear helicopters. The current

manufacturers guidelines are most probably conservative; a more
rational calculation will require extensive, full scale testing
of skid gear. This type of testing is most effectively performed
by the manufacturers themselves.

4) Quantification of asphalt pavement rutting beneath skid gear

helicopters, and devlopment of methods for improving the rutting

performance of asphalt landing surfaces. Asphalt pavement

rutting was the only significant pavement distress problen
discovered during our research.

Rotor Downwash

1) Investigation of the effect of rotor downwash on heliport

personnel and/or passengers,

2) Appropriate sizing of gravel and other landing surface coverings

to minimize blowing from helicopter downwash. This will require

direct testing, most probably at an operational heliport.
Structural Vibrations

1) Perception of helicopter-induced vibrations in rooftop heliports

by building occupants. Although helicopter-induced vibrations

are small in magnitude, there have been reports of vibration
perception by building occupants beneath rooftop facilities; this
study would quantify the level of vibrations necessary for
perception and propose methods for minimizing them,
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APPENDIX A

Helicopter Dimensional Data

Fxtracted from the draft FAA AC 150/5390/1C (June 1984) and the Louisiana DOT
Offshore Heliport Design Guide (May 1984), the appendix provides a current
listing of helicopters by manufacture. The tabulated data include, as
available, the following: helicopter dimensions; landing gear configuration
and dimensions; maximum gross weight and distribution of weight foreward and
aft; gear contact area and disk load.
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Manataciure

AGUSTA

AEROSPAT LALE

Mode |

3iv-B
318-C
319-13
330-8
339-4
147-G
360
360-C
350-B/D
iH5-F
365-N
332-L
332-C
316-B

47-0G
20h-A-|
206 -8
200-L
212
24
2722-8
227-01
214 =51

417

214-8

CUASTO9A 11 HIRANDO

HELTCOPTER DIMUNSTUSA DATE
(Commnn A 1 L 1) i }
Name (1) Chry e ()t (1)
4709 0Ly L A
LAMA Av.4 Loot 6.7 5.4
ALVUETTE TT 0 39.8 G000 450 bl
ALDULTTE TI11 42,1 9.8 3h.d n.3
".6 4909
PUMA 59.h A0 495 1.0 14.4 by
GAZELLE 39.3 lu.4 4.5 2.9 3
DAUPHIN 44,1 1y 3707 Fij.n
44 1 3/.7
az.7 1.3 34501 a3l )
A6 9.7 35,1 hol 1.9
A4.? 1.4 390 i
51.4  1u.0 4102 10,0
hl.Ad iv.0 Hl.2 H.0
33.4 4.3 2607 65,3
43.6 v 5.0 b 1. S.h
57.1 14,6 48,2 ) ' 3
JET RANGER 39.7 4.2 53,3 S o 6
LONG RANGE) 42,05 [ VAN 5.2 I
TN hYos R B . T
4105 Pl 398 S =
0.3 I B Hoy S 70h
(0.7 b A2 Y ",
He./ Gl o7 i,/
6.7 o2 L
Hh.d IO 2,0 A}
BIG VIFTER 607 Chuh O .00 9.4 5T
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Manyfarct.re Model Common A B ¢ )] k. ¥

Bnaing Name (L) (ft) (tt) (ft) (tt) (ft)
BOEING VERTOL  BO-105-C B N0 3.7 6.7 9.0 6.
CH-47-234 99,0 19,0 60,0 60.0 11.0 16,2
107-11 83.1 16.1 50.0 50.0 9.9 16.9
179 59.5 16.6 49.0 10.?2 8.0 6.4
BRANTLEY B-2-B 28.0 6.8 3.7 4.3 4.8 3,0 <
AYNES 305 32.9 8.0 28.5 4.3 6.2 3.0
d
ENSTROM F-28A/280 SHARK 39.0 9.0 32.0 4.7 6.0 3.1
F-28C/220CSHARK 39.0 9.0 32.0 4.7 6.0 3.1
FAIRCHILD FH-1100 41,5 9.3 35.3 6.0 6.5 2.3
HILLER UH-12-L  HILLER 40.7 10.1 35.4 5.5 10.0 3.3
UH-12E/E-4HILLER 40.7 10.9 35.4 5.5 10.8 3.0
HUGHES 269-NB HUGHES 300 28.9 8.2 25.3 3.8 6.6 2.8

269-C HUGHES 300C 30.8 8.7 26.8 4,3 7.0 2.6
369HS HUGHES 500C 30.3 8.8 26.3 4.3 7.6 2.4
369-D HUGHES 500D 30.5 8.9 26.4 4.6 7.0 2.7

KAMEN HH-43F HUSKIE 47.0 19.3 47.0 7.2 2.3
ROTORWAY SCORPION 27.6 7.3 24,0 3.6 6.5 3.1
. . ﬂ
ME3 10£-CBS 38.8 9.8 32.3 6.2
BK 117 SPACE SHIP 42,7 10.9 36.1 6.2 ‘
HELITECH S-55T 62.2 15.3 53.0 8.8 8.2 6.5
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HLLICOPTER DIMINSTONAL DATA

Manufacture Model Conon A 3 N N : ¢

Name (tt) (1) (1) (rt) (ft) o)

S TKORSKY §-58-T 6h.8  15.9 Y6.0 9.5 11.4 6.4

S-61N/L 713.0 8.6 b2, 10,6 12.3 8.3

© $-62 62.3 l16.0 3.0 8,8 9.2 7.3

5-64 SKYCRANE 88.5  25.4 72.3 16,0 13.2 9.3

S-65C 88.2  24.9 72.3 16.0 10,3 8.8

. 5-76 57.5  14.5 A4.0 8.0 5.8 6.5

a S-75C 64.8 16.8 53.7 11.0 7.5 6.5

4 $-55 ALC 62.3 12.5 53.0 8.8 10.3 A5
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FFOOTNOTLS FFOR APPENDIX A

DYNAMIC LOAD = LF x MGW; SEE SECTION 4.4

GEAR CONTACT AREA (in2): SKIDS - PER SIDE

GEAR CONTACT AREA (in2): PER WIEEL
STANDARD SKID

HIGH SKID

EMERGENCY FLOAT

CONTACT LENGTH, L
CONTACT AREA = P x 1% x L
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APPENDIX B

Survey of llcliport Owners/Operatoers

Contents:
- Cover Letter

- Survey Questionnaire
- Tabulation of Survey Responses
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UNIVERSITY OF MARYLAND
CouiLecr Panx 20742

OEPARTMENT OF CiVIL ENGINEERING
COLLEGE OF ENGINEERING

(301 4%54.2438

March 15, 1984

Typical Heliport Co.
1234 Industrial Blvd.
Houston, TX 54321

Dear Sir/Madam:

As part of a FAA sponsored research effort to update the structural design
criteria for ground level and elevated heliports, the University of Maryland
Department of Civil Engineering 1s reviewing data on Yoad assocfated pavement
distress caused by helicopter landing and take-off operations.

Enclosed is a very brief questionnaire regarding your helipcrt operation
experiences that should take a few minutes to complete. Your response to this
inquiry will be greatly appreciated by us in this endeavor.

Please return the completed questionnaire in the envelope provided. Thank you
in advance for your time and cooperation in this matter.

Sincerely,

Charles W. Schwartz

) Assistant Professor
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HELIPORT OPERATOR SURVEY

Type of Heliport:
[, Ground Level
(] Rooftop
(] Elevated
(] offshore
Largest Helicopter Which Uses The Facility:

Manufacturer

Model

Approximate number of operations (landing and take-off)

per year

Smallest Helicopter Which Uses the Facility:

Manufacturer

Model

Approximate number of operations(landing and take-off)

per year

Type of Pavement or Landing Surface:
(] Rigid (Concrete)
[J Fiexible (Asphalt)
[} stabilized Soil/Turf
[C] other (e.g. Wood, Steel, Aluminum)

Age of Pavement/Landing Surface
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6. In your general opinion, how would you rate the overall
performance to date of your heliport landing surfaces:

. No problem whatsoever

™y

. Minor pavement/structural distress of no major concern
.+ Amount of pavement/structural distress considered
normal
"] Significant amount of distress present
{} Pavement/structural distress considered a severe
problem relative to maintenance and operational aspects
7. Shown below are several major pavement distress types that
occur in rigid and flexible pavements. Please answer part
(a) or part(b) as is applicable to your heliport and

indicate, in ranked priority (1=most prevalent distress;

6=1east prevalent distress), the actual distress present at
your facility.
a) Rigid Pavement

Distress Types

____Cracking

____Joint seal damage: accumulation of soil or rocks in
the joints

a ___Spalling: pavement broken up into small, loose
particles; dislodging of aggregate particles

____Settlement or faulting: difference in elevation at a

3 Jjoint or crack

____ Pumping: ejection of material by water through cracks
or joints

____Polished aggregates

k, 99
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b) Flexible Pavement

Distress Types

___Cracking

____Raveling: wearing away of the pavement surface caused
by dislodging of aggregate particles

___Rutting: surface depression in the wheel/skid path
most noticeable after a rainfall when the wheel/skid
paths are filled with water

___Swelling: upward bulge in the pavement surface

____Bleeding: film of bituminous material on the pavement
surface which resembles a shiny, glass-like
reflecting surface that usually becomes quite sticky

___ Polished Aggregates

8. For rooftop, elevated, and offshore heliports only:

Please note any operational and/or maintenance problems (e.g.
vibrations, structural distress) caused by helicopter landing

and takeoff operations:

9. Please describe problems (if any) associated with wind

effects induced by rotor downwash:

100
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10. Any additional information and/or comments:
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SURVEY RESPONSES

102




aiebashbe payst|od

2.ou auou ‘Buixoedd Jouw 4K 2) jleydse g 90z | |99 9/-$ 009/02 1 °6t
Bul| |eds
2.0 auou *buryoedd lewdoy K ¢ 333JIU0D [y 11°8 902 1198 002-061/002-061 1
LSU0IIPIQLA
2L 3|GPUIAISLP, swa|qoud ou U4k g  93I3JOU0D 0 6GSE VY 0008 { (A}
4K g1 J|eydse
* Kq paJaaod
JA 12 wnuiunpe Jaid |
EY 3uOL £ |AA3| @ ||P [PWIOU  JUidJ § 233J0U0D J6Y 38 (|38 0009°p! t 21
abewep [eas
duou duou  utofl Burg|ney lewdou 4K g 3I3JIOUOD 7692 saybny 0009 1t
aucu Juou swa|qosd ou 4K | 3I3J4IU0D 200€ Saybny 0061/0262 i1 01
tl I
L0y auou buixdesd swa|qoud ou G2  933J4dou0d 9-90Z | 19g/ewng 00001 1 *6
buiyoedd Jouw 4K ¢ 3eydse AJe3y [ IW (Aluo Aouabusawad) 1 ‘g
bui||eds ‘abewep
auou Juou Leas ol wajgosd ou 4k ¢  3I3J4OU0D 069¢ saybny awes 00£-061 1 ‘L
3s3bue|
abeuwep S ,pseny
{eas iutof [ewdou  JK | 33320U0D LeuoiaeN 2 ! ‘9
(sjuawa|ad
fuijeay jo
uo139043U0d £Aq Jby
EN pasned) Hurdund waiqoad ou  JA 2 3334du0d ¥ L1989 06-01 t ‘g
FELE)
wa(qosd ou /{tos pazL[iqels LY-H) 8-1 1°*
46y
aucy but | eds waqodd ou UL p  djasouo) 1P | 199 9/-$ 0005-% 0$1-001 1°¢t
SPLYS aupJyy
AQ parvogh Buy |aaed [@21s
ERCSRLNETS Buixoedd UG pPooM J6y 46y Buoy
3.0y room ‘buiiang (PwdON  JK 02 pa3jeasy  13C 11238 02 11989 o1 oSt 1 ‘2
POOM
EP RITLI §S941S1(Q JOULK 4L R (321§ ot 1 1
AT Sk g S3dal SSAULSIn kR4 IdAl  ISITIVWS  LSINVT ISITIVKS 15394y d0f 13N
RN A N IE N O SSaMISIa IN3IWIAYd  30v4ANS ONIANYT 1300W dYIA/OINTLIVYEILO DAOHS 440 QILVA3TII  JOO¥  ONNOYI
TIVY3A0
< .
PN E oo , Catad A :

DTIC does bt

) .

L

[.pzod\lcti“
ST

to

legible

Copy available
permit tully

103



A ™Y
AR T R A

e

TRTTTNNTNTY

SIU* v
osutl Buiiged
JuCU Sawny 1sneyrd w3 |qoJd ou
3uou auou Suixdesd ubtys wayqoasd ou
fut|aaey *buling
aunu 2uou ‘Euaoedd {ewuou
abeuep
auou 3uou 1eas juiofl |PwJou
w3 (goud ou
swaqoud ou
abewep
auou EDJV} leas jutof suyqoJd ou

Buitpup| 340 Buiydedd abewep

AUOU -AXEL UO SGLA

auou ‘61°R1‘YL1

abewep [eas juiol

(Butipnd | R3S aubulaun)
S4f 4 ut 3my

Awvyans ped Ayl

[vasas 03 peH

cabhy/m ueyl

1eas juiof

swa|qoud ov
suRjqoud ou
Joutw

suaiqoad ou

swe|qodd ou

|-HN /M Suo13

Auou -Pagra agoew
SWITAONd SH 1NN

HSYMNMOQ WNOT M a40

S3dAl SELICTIA
SSIHISIO INIWIAYA
1> JA0

4k

Ik 21
Jk ¢

Jk 7|
JK g

J£ 01

£ 8l

J5 01

PN
4K 21
JL g

FL Y4

1y

331AJ43S Ul Jdbuo| ou °Qg

8J1a43s ut Jabuo| ou *g2

F2V NS ONTONYT

EYENRIT S01 08 89W 002 1 4
933J0u02 umouyun 1 1 ‘L2
8 06E-SY
3|Pudse HL=HN L1289 £ ( 1 °92
900 S3ybnH {
91842U02 9005 saybny 000¢ 00s2 1°g2
poOMm (Aluo Aduabsawa) 1 92

1| eydse € 1 °¢e2
Jr3/ (108
pazy(qe3s Lb 1198 005 122
31345U02 JBy 19p [ (98 02 T °1e
933J0U0d 1-1902 1198 L-HN (139 006 02 l | "0
@18J42U0d BG-HO (98 S3ybnH 14 P4 t °61
33134ou02 00¢ SsaybnH 86-G *JU 2°(09¢ ‘4u $°8Y8 l 1 L °8t
47347002 *qQ0O0‘0} Itwl| peo| 81 1 A

4

81a45u02  JBy 139 1-HN (99 G2¢ S L

IdAl 1S3T1IVWS 15394y 1S37TYNWS 1§39V d0i 13A37
1300W HYIAONT LY HIG0 FHOHS {40 a31vA3Nl 3008 GONNOY9
. - - .

. TN e M

104

i)




M- Al 4 wrw

=

L e g

Cadhat’ P el 2 € A aPlL aten ey

—

TR

AT

T, W, W W

-

L ¢

.

$¥I04D <31} 8 902
QL0 =L SLAYUL ik, Suyyoesd [Pugou  JAL 6 33342002 {=190¢ (198 00€-2 00L1-51 14
4.06 scuay ‘afe Bui3ing S$S3JISIP
auou® -p s ang ‘Buitanes esgubrs 4k ) I eudse 8902 119 +0002 1 1'%
aLou auny wd|qoud ou Juk g| Jeydse 26y 3¢ 1198 st 1 °¢y
audy SUoU wa|qoud ou- 4k 0| 331345U0d 1198 Kany Sl (114 1 2
(ubangsidnd 40 A31)) a34adas vl Jabuo| ou |y
Joum Uk g 3jeydse patjoeds jou S 1 °0¢
aucu auoL wajqosd ou JA g Jieydse 46y 130 {1o8 9 1 *6¢
8 902 tteg
6L dULS pasn J0u wdiqoud ou 4K g 9321500d HL WA (198 2 0¢ 1 ] ‘8t
SUL3e0D 2132334 Uy
$¥2043 pasned
Sey ;004 fuitdund ¢abe J64
avou  jo Fuyyayy, -wep (eas jutol Joulw  aA G 9334ou0> 3P (39 86-6 Sl ot 1 *LE
Isudl
-ut 3g 01
USeMUMOD
sasned
red ayl
6uilpuncd
-dns | EM 2 00¢
PLIOS O wd fqoud ou UL 2|1  3a3aJouod Saybny 222 (128 0tL v 1 *9¢
aseq
|3aeJ46 ,q uo
PDIYI . b) J 00§
aLou uouU wayqoad ou 4L g  33auluod saybny 1902 (1989 00§ 00¢v | L1 S
pPa35nJ43su0d
3JULS Yy
aucu auou 3Jueudjutew wajqouad ou U 9 3jasduod 8 902 {198 0061 1 °ot
Sut3ans *buy|ams
2utu Juou ‘buixdedd wa|qQoJd ou 4L g 1ieydse JB6y 13¢ 46y Buoy 0 0e 1 st
1adas vy Jabuo| ov °2¢
312248 vuom ajauduod
UL €102 Bularay, 4L 2 339J2U0d g06€ Jeasy 00$ 1
aucu auou wa|qosd ou JK ¢ 333JOU0D 861€ @231313n0y 0002 1 13
Sw3TA%Nd S H1a0Nd SAdrl SS3MICIg 39v 3dAl 1S377vKWS 15397 1S3ITTIVHS 1S394Y1 d0L 1IN
LS ymMyMnn TYNOT [vHId0 ARREIANY INIWIAYd IV 4YNS INTONYT 73000 HV3IA/ONTLVYIL0 IHOHS 440 GILVAITI 4008  OGNNOYY
TIWAIA0

Coapy availalle to DTIC does ao

105

)

permit fully legible reppducjon




MY L, UL, LWL Y L W

FyrergrREy ey

e

g

L areh aer aae o4

i A

el

<

A

b i Gl Tam and

- 17
.. ...
t.A
”~
-
J00¢€
G |2Ad} e P wdqoud ou J4 g 21940U00 saybny 33p o8 024 Gl ‘09 - o
a3jefaubfe paysiod ‘......
‘Burtwaedd Jourw UK gy jjeydse 1-71-902 1138 061 1765 ~ .\m
swajqoud ou J4f Z| 33842007 4! 1 "8$ ‘.
9 |3A3| 3@ ||(°® swa|qoJd ou J4A 21 33340U0) 8 90¢ |29 00t | A -
Jourw J4A Gp  83340U0d 1 ‘96 e
Lw3354s 1043 9 9l€-sy
-0 (PIUBWUCILAUD 1119332n0] ty
D3.. SIUNy ISNPYXD, O JIAI| 3P | [P wa|qodd ou UL ¢ 313Jou0d -SyY 680 SOL08 0S¢ 0621 1 1]
@ 2t-Hn .
wa(qoud ou Sow g  3334OU0) 43| tH 9L-S 0e ¢l T °#s ..L
t-1 902 W
quou 9 (anal qe (e wa1qoud ou JK gy  213JoU0d 1198 85-S [ v 1 ‘€S .
© s
J2014 S e
dely uC 3iqe 6uyyeds a6y — ‘4
JUOU  -32.3%u QlA, buiwoedd fewsou JA [{  33342u0d  33p [(39 9.-S Sl 52-02 1 °2S 'y
f ]
wajqoad ou Juf g|  833JouU0d J6Y 33 | (o9 1 1 *1s )
[1{ 33no{y-Sy
auou 1aAaf e [|®P wa|gosd ou JK 21  33843U03 961€-SY 1-86S Sl 0z 1 °0$
-S
3uou auce wd|qodd ou J£ p| Jleuydse g 902 (29 212 L1°9 0L 1 24 1
Buyg[(ams
Buioeus *buy|eds 3| Pydse .
auou 3uou ‘Butyoesd swa{qosd ou 4K p| 31340002 ¢2¢ 1198 o€ St 1 1 °8¢
8 902 1129 .
uou WoU swa1qodd ou 4k ¢ 31RJDOU0D £GHI Yoou1lY) 061 0s1 1 Ly
4K 01 jjeydse Q¢ 9JUlS pasn 30U 1 ‘9 hed
SWI80Md SW 11608 d NELT SSINISIa 19v 1dil 1S3717YWS 1S3y 1S 3ITVRS 151941 d04 1IN had
HSYMNMOG IyNOT X 3d0 S5m0 INITWIAYd A2 NS INTANYD 1300W Y IA/ONTIVAIA0 Y0NS 140 031¥YA373 4004 aNNOYY

11¥H3A0

\-.l..-
fa a2,




— S0t SaubhH J
aLou auou auou wa|qoyd ou 4k G|  @33JOUOD 006 S3ubnH ot Sl 1 1 74 e
Loy auou buiyoedd jewdou JK Q| 23940U0D Y 902 L1289 00st 1 €L
audu auou auou wajqosd ou 4L g poom §902 L1289 7902 1l°8 9 9 1 ‘2L

abewep teas juiof
Buieds ‘buiyorad Jouw JA g 31340003 9Lp L1398 £9°H) 0002 e 1 t
0861 UL PIILAIIILIP IJOGL LN 0L
Suixiedd
‘Huiiaard *bui3ng 3403
*BuiydeJsd *abeuwep Ileydse 26y
qutol *buy|ieds Joupw 4K gy 333Jouod 8902 1138 oz (138 000¢ 14 1 1°69
pues
vl syooiq  9(y 1122
Suijoaes  swa|qodd ou JK G| poom 8l-HN ¥02 L1°9 00l 0%t 1 ‘89
6uixdvad *Buianrey
{aresb Buipeasds bui3ang uedjjubis JL ¢y Jleydse 9/ (198 $0Z (139 0912 o' 1 °¢9
BuixIedd swatqoud ou 4L | 333JOU0d 8902 L198 0s 1 ‘99
LPIVBI LD IJISIP X}UBOU
UL {1am AJaa dn sploy°°* [a33s,  Swa|QoJd ou JA G| 19335 8902 {138 00s1 *s9
{patj1dads 46y
sud(qosd ou lou) Joyzo  33P (19  JSSE-SY 1
W E¥LBE
L1pLios
sded
Juaac
Judwd Ao
pLoAR 01
I pUNOJ
L2t (Buijooudiajem

ag Isnw 404 paijdde)

1se|{PQ aurIqQEIW IILJINS JurvIqURW X1} 0IVY

Gui 004, x2|; jo bursedd {ewsou 4K 2 333JOU0D J6% 19 1138 (1Y4 ot 1 *£9

puim *suoiledq (s@12uabsawd {PI1paw)

~QiA *asiov wa1qoJd ou 4K 02 3324500 1-HN tio8 08¢ *29
. watqoJd ou  JK ;4 933J40u0d  §90Z 1129 9(-S 001 2L 1 19

SW3T90%d SWI1I80Yd S3dAd SS3INLSIA 19y 3dAL  1SITTYWS  1S39¥Y1 1SITIVHS 1S39¥v7 d01  3AN

WSYPNMOO  TYNDT V340 NERIRRY INIWIAVE  3DVSUNS ONTONYT 7300W YY3IA/ONTLIVYILO 3008  ONNOYY

TIVHIA0

u.l.
L

: legible
R B |

ilable %o DTIC -~

2Py aval
:ynrtnit‘full

<

107

)

o

L

P

T, T 4




Y : ‘
i .
o (Juawared 3|eudse -
?, 1.eu2se Joy Buling) g [3A3) je q|@ swajqoJsd ou 33942U0) LY 1129 1902 | 199 0081 1 1 68
Y
3 swajqoud ou Uk £ 23342U0d L TYRL 001 st 188 .
m... wdjgoJd ov  J4F 9  33345U0>  9Hp 1128 86-S £ I} 1 /8
8 sjaued Joje -
W -4073p JOLJIIXD 6ug(eds 464
w. u3sS00| QLA ‘BuLyoedd lewaou  JA g 3318J0U0> 3P (128 Aysusonis 001 b4 1 ‘98
waisss v '
Ul S3wny abewep |[vas
1$7Furd utol ‘Buiyoedd Joulw 4k g @3340uU0d AMeyyoe g 0S¢ 1 °c8
9 (dA3 20 (@ swaqoJd ou 331347u0) 9-({p 1128 9 3 1 8 ....._
umo |2 -1
{areub <
4004 swajqoJd ou JA gy 19318 ql 000% 81 1 £8
{1os
swa|qoud ou UK 62 pazi|iIqeIs ol 1 °28
swa|qodd ou Ik ;  31340U0D {£uo asn A>uabsawa) 2 1 *18 m
Bbuitams *burqing 3|eydse
Buixoeso *buyy|eds lewdou  J£ gp  93945U0D 8902/1Sv12 | 1°8 8LL°91 {08
6uL|ams ‘Burianyg 3|eydse
Butxdeuad *6uy|jeds lewlouv 4K 8]  833J45U0D 8902/1S-v12 | 198 12303 669°9] T °6¢
6uLiiams *6uiyang 3leydse
burxdess “bur|(eds tewsou UK 0f 3334202 8902/1S-t12 1198 Le203 £12°2e T8¢
212
Buixoeso Joutw JK 6z 3peydse /607 1128 90Z {128 02 ool 1°Uu
501-08 AJe3yitw
avou auou auou wa|qoJd ou 4k ;/  3334o5u02 Moy (08 Kany 0001 0l 1 ‘9L
(3yb13 Jagem ped
Y3 punoJe JooJ
daay 3,ues)
uou auou auou eI iubes uh 2(  93349500) qi 000¢> 1 *Gl -
SW3780¥¢ SW31904d S3dAL $S341S1a 39v 3dAL  ISITTIYWS  L1S3I9YYT  1SITIVWS 1S393v1 dol 13N hd
HSYMNMOC  TYNOI1VH3dO SS3ylSIa INIW3AYd  3IVI4NS ONIGNYT 1300W YYIA/INT LVHIA0 JYOHSI40  G31VAINI 3008  ONNOYD

TIVH3A0




oy
o
L ond
a00s
wa|qousd ou J£ |} 19918 saybny st un 114 1 °¢6
dbowep |eas
wiol *6uyyoesd (ewJgou 3K 1| 239Jov0d  eisnbny 227 L1%g 00t 1 0021 ] 26
swa|qodd ou J4f 1 93345U0d oy t *16
swa|qoJd ou 4L G 332J40U0d k] 06
SW31904d SW3I80Md S3dAL SS3yisia 3y JdAl  1STTIVWS  1S3I0YYT L1SITVIVWS 153981 401 1N
HSYMNMOG  TvNOTivd3d0 SSIALsSia INIW3IAYd  3IVIHDS ONIONY T300W Yv3IA/ONIIVYIdO JY0HS 440  G31VA3T13 4004  ONNOYYD
JIVY3A0
3
[ 4
r
:
| ]
v « .
13
4 oo - Yo o




hadthe ad AELRE pan o sl e 0B oS g 0 BT S SRR (S Tad Yt ARt Sl e i S M M St e e T Ve TS e e T TwLlTW P lTNLWL

-

e w T . . e - - . . . . . . .
aloslnltoa a2l 2ol . S




